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Phn in  hc - in  t hc  cp n cc hin  tng l in  quan  n  tng tc gia cc in  tch
ng yn v chuyn  ng,  gi  chung l hin  tng in  t v cc quy lut chi  phi  cc hin  tng
ny.  Cc hin  tng in  t rt ph bin  trong t nhin,  rt phong  ph  v a dng.  Chng c ng
dng rng ri  trong khoa hc v k thut,  cng  nh trong cuc sng.

PHN mt

in hc 
in t hc
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Nh bc hc Vn-ta trnh by chic pin u tin ca mnh vi B-na-pc.
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in hc - in t hc

in tch - in trng

Dng in khng i

Dng in trong cc mi trng

T trng

cm ng in t
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CHNG I

in tch
in trng

Chng ny trnh  by nhng ni  dung  v nh  lut tng tc
gia cc in  tch  im (nh  lut Cu-lng),  in trng,  cng
 in  trng ca in  tch  im,  hiu  in  th,  in  th v
cng ca lc in,  nng lng in  trng,  t  in,  ghp t  in.



Cu-lng (Charles Coulomb,
1736-1806,  nh vt l ngi Php)

Hnh 1.1 in nghim.
1.  Bnh thu tinh ; 2.  Nt cch in ;
3.  Nm kim loi ; 4.  Thanh kim loi ;
5.  Hai l kim loi nh.  

in nghim dng  pht hin  in
tch  mt vt.  Khi  mt vt nhim
in chm vo nm kim loi,  th in
tch truyn n hai  l kim loi  (nhim
in do tip xc).  Do ,  hai  l kim
loi  y nhau  v xo ra.

1 . Hai loi in tch. S nhim in ca
cc vt 

a) Hai loi in tch 

C hai loi in tch :  in tch dng, in tch
m.  Cc in tch cng du th y nhau, cc in
tch khc du th ht nhau.  

n v in tch l culng, k hiu l C.

in tch ca lectron l in tch m v c  ln
e = 1 ,6.10 19 C. Mt in tch bng e = 1 ,6.10 19 C
c gi l in tch nguyn t.  Th nghim 
chng t rng, trong t nhin khng c ht no c
in tch nh hn in tch nguyn t.   ln ca
in tch mt ht bao gi cng bng mt s nguyn
ln in tch nguyn t.

Da vo s tng tc gia cc in tch cng du
ngi ta ch to ra in nghim (Hnh 1 .1 ).

b) S nhim in ca cc vt

Nhim in do c xt

Sau khi c xt vo la,  thanh thu tinh c th ht
c cc mu giy vn (Hnh 1 .2).  Ngi ta ni
thanh thu tinh c nhim in do c xt.  

Hnh 1.2 Thanh thu tinh nhim in ht cc mu giy.

6

in tch
nh lut Cu-lng11

Bi ny s trnh by mt s khi nim m u v in
(in tch dng, in tch m, s nhim in ca cc vt) v
v nh lut tng tc gia hai in tch.



Nhim in do tip xc

Cho thanh kim loi khng nhim in chm vo
qu cu  nhim in th thanh kim loi nhim
in cng du vi in tch ca qu cu (Hnh 1 .3).
Ngi ta ni thanh kim loi c nhim in do tip
xc.  a thanh kim loi ra xa qu cu th thanh kim
loi vn nhim in.

Nhim in do hng ng

a thanh kim loi khng nhim in n gn
qu cu  nhim in nhng khng chm vo qu
cu, th hai u thanh kim loi c nhim in.
u gn qu cu hn nhim in tri du vi in
tch ca qu cu,  u xa hn nhim in cng du
(Hnh 1 .4).  Hin tng  c gi l hin tng
hng ng tnh in,  cn gi tt l hin tng in
hng.  Ngi ta ni thanh kim loi c nhim in
do hng ng.

a thanh kim loi ra xa qu cu th thanh kim
loi li tr v trng thi khng nhim in nh
lc u.

2. nh lut Cu-lng

Cu-lng  dng chic cn xon (Hnh 1 .5)  
kho st lc tng tc gia hai qu cu nhim in
c kch thc nh so vi khong cch gia chng.
Cc vt nhim in c kch thc nh nh vy gi
l cc in tch im.

Nm 1785,  Cu-lng tng kt cc kt qu th
nghim ca mnh v nu thnh nh lut sau y gi
l nh lut Cu-lng :

 ln ca lc tng tc gia hai in tch
im t l thun vi tch cc  ln ca hai in
tch  v t l nghch vi bnh phng khong
cch gia chng.

Phng ca lc tng tc gia hai in tch
im l ng thng ni hai in tch im .
Hai in tch cng du th y nhau,  hai in tch
tri du th ht nhau (Hnh 1 .6).

Hnh 1.3 Nhim in do tip xc.

Hnh 1.4 Nhim in do hng ng.

V sao thanh kim loi  nhim
in  do hng ng  th nghim
Hnh 1 .4 khi  c a ra xa qu
cu th in  tch   hai  u  thanh
kim loi  li  bin mt ?

Mt vt c nhim in cng gi l
vt c tch in.

Hnh 1.5 Cn
xon Cu-lng.
Khong  cch
gia hai  qu cu
A,  B c iu
chnh nh chic
nm xoay C ca
cn.   xon ca
si  dy treo cho
php ta xc nh
lc tng  tc
gia hai  qu cu.

Hnh 1.6 Phng v chiu ca lc

tng tc gia hai in tch im.

Lc tng tc gia hai in tch
gi l lc in,  hay cng gi l lc
Cu-lng.

C1
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T cc cng thc xc nh
lc hp dn v lc Cu-lng  cho
thy gia hai  lc  c g ging
nhau,  c g khc nhau ?

Bng 1 .1

Hng s in mi  ca mt s cht

C2 Cng thc tnh  ln ca lc tng tc gia hai
in tch im :

(1 .1 )

r l khong cch gia hai in tch im q1 ,  q2 ;
k l h s t l ph thuc vo h n v.

Trong h SI,  k = .

3. Lc tng tc ca cc in tch trong in mi
(cht cch in)
Th nghim chng t rng, lc tng tc gia cc in tch

im t trong in mi ng tnh,  chim y khng gian
xung quanh in tch,  gim i  ln so vi khi chng c t
trong chn khng.

(1 .2)

i lng  ch ph thuc vo tnh cht ca in mi m
khng ph thuc vo  ln cc in tch v khong cch gia
cc in tch.   c gi l hng s in mi.  

Ngi ta quy c hng s in mi ca chn khng bng 1 .
Trong bng 1 .1 , ta ch  hng s in mi ca khng kh gn
bng 1 .  

Th nghim Cu-lng c tin hnh trong khng kh, nhng
v hng s in mi ca khng kh gn bng 1  nn kt qu ca
th nghim cng c coi l ng c trong chn khng.

1 2
2

q q
F k

r
=

2

2

.N m

C
99.10

1 2

2

q q
F k

r
=

8

Cht Hng s in  mi
Thu tinh 5  1 0
S 5,5
bnit 2,7
Cao su 2,3
Nc nguyn cht 81 ,0
Du ho 2,1
Khng  kh 1 ,000594

1 .  C hai  vt kch  thc nh,  nhim in  y nhau.  Cc in  tch  trn  mi  vt c du  nh th no ? 

2.  C bn  vt A,  B,  C,  D kch  thc nh,  nhim in.  Bit rng  vt A ht vt B nhng  y vt C.
Vt C ht vt D.  Hi  vt D ht hay y vt B ? 

3.  Hy nu  s khc nhau  gia nhim in  do tip xc v do hng ng.

1 .  Hy chn pht biu  ng.

 ln  ca lc tng tc gia hai  in  tch  im trong khng  kh

A.  t l thun vi  bnh  phng khong cch gia hai  in  tch.

B.  t l thun vi  khong  cch gia hai  in  tch.

C.  t l nghch  vi  bnh  phng khong cch gia hai  in  tch.
D.  t l nghch  vi  khong  cch gia hai  in  tch.  

bi tp

cu hi
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2. Hy chn phng n  ng.

Du ca cc in  tch  q1 ,  q2 trn  hnh  1 .7 l :  

A.  q1 > 0 ;  q2 < 0.

B.  q1 < 0 ;  q2 > 0.

C.  q1 < 0 ;  q2 < 0.  

D.  Cha bit chc chn v cha bit  ln  ca q1 ,  q2.

3.  Cho bit trong 22,4 l kh h ir  0oC v di  p sut 1  atm th c 2.6,02.1 023 nguyn t hir.  Mi

nguyn t hir gm hai  ht mang in  l prtn  v lectron.  Hy tnh  tng cc in  tch  dng v

tng cc in  tch  m trong 1  cm3 kh hir.  

4.  Tnh  lc tng tc tnh  in  gia mt lectron  v mt prtn nu  khong cch  gia chng bng

5.1 0-9 cm.  Coi  lectron  v prtn nh nhng in  tch  im.  

Hnh 1.7

My lc bi

S  ca my lc bi  c trnh  by trn

Hnh 1 .8.  Khng kh c nhiu  bi  c qut

vo my qua lp lc bi  thng thng.  Ti  y,

cc ht bi  c kch  thc ln  b  gt li .  Dng

khng kh c ln  cc ht bi  kch  thc nh

vn bay ln.  Hai  li  1  v 2 thc cht l hai

in  cc :  li  1  l in  cc dng,  li  2  l

in  cc m.  Khi  bay qua li  1  cc ht bi

nhim in  dng.  Do ,  khi  gp li  2  nhim

in  m,  cc ht bi  b  ht vo li.  V vy,  khi

qua li  2,  khng kh  c lc sch bi.

Sau  c th cho khng kh i  qua lp lc

bng than  kh mi.  Bng cch ny c th

lc n 95% bi  trong khng kh.

My lc bi  l mt ng dng ca lc tng tc gia cc in  tch.  Ngoi  ra,  lc tng tc

gia cc in  tch  cn c nhiu  ng dng khc trong cng nghip cng nh trong i  sng.

Chng hn,  k thut sn tnh  in  l mt trong nhng ng dng .  Mun sn  v xe  t,

ngi  ta lm cho sn  v v xe nhim in  tri  du  nhau.  Khi  sn c phun vo v xe,  th

cc ht sn  nh l i  ti  s b  ht v bm cht vo mt v xe.

Em c bit ?

Hnh 1.8 S  my lc bi.



1 0

Thuyt lectron
nh lut bo ton in tch22

Hnh 2.1 M hnh n gin ca
nguyn t liti.

a) b)
Hnh 2.2 M hnh n gin ca
ion liti.

a)  ion  dng l i ti  ;  b)  ion  m l iti .

C th ni  mt nguyn t b
mt i  mt s prtn th n tr
thnh ion  m,  nhn  thm mt s
prtn th tr thnh  ion  dng
c khng ?

Nhiu  khi,  ngi  ta cng ni
vt nhim in  dng l vt
tha in  tch  dng,  vt nhim
in m l vt tha in  tch  m.
Trong cu  ni   em hiu  tha
in tch  dng,  tha in  tch
m c ngha l g ?

Nhiu trng hp l ra phi ni

ht mang in hay vt mang

in th ngi ta li quen ni gn l

in tch.  

Ngoi ra,  thut ng in tch

nhiu khi c dng vi  ngha l

in lng.

C2

C1

1 . Thuyt lectron
Thuyt da vo s c mt ca lectron v chuyn

ng ca chng  gii thch mt s hin tng
in t gi l thuyt lectron.

Thuyt lectron trong phm vi gii thch tnh dn
in hay cch in v s nhim in ca cc vt
gm mt s ni dung chnh nh sau :

Bnh thng tng i s tt c cc in tch
trong nguyn t bng khng, nguyn t trung ho
v in (Hnh 2.1 ).  

Nu nguyn t b mt i mt s lectron th tng
i s cc in tch trong nguyn t l mt s dng,
n l mt ion dng.  Ngc li, nu nguyn t nhn
thm mt s lectron th n l ion m (Hnh 2.2).

Khi lng ca lectron rt nh nn  linh
ng ca lectron rt ln.  V vy,  do mt s iu
kin no  (c xt,  tip xc,  nung nng,. . .)  mt s
lectron c th bt ra khi nguyn t,  di chuyn
trong vt hay di chuyn t vt ny sang vt khc.
lectron di chuyn t vt ny sang vt khc lm cho

cc vt  nhim in.  Vt nhim in m l vt tha
lectron, vt nhim in dng l vt thiu lectron.

2. Vt (cht) dn in v vt (cht) cch in
Xt v tnh dn in ca mi trng, ngi ta

phn bit vt dn in (vt dn) vi vt cch in
(in mi).  Vt dn in l nhng vt c nhiu ht
mang in c th di chuyn c trong nhng
khong ln hn nhiu ln kch thc phn t ca
vt.  Nhng ht  gi l cc in tch t do.

Kim loi c nhiu lectron t do,  cc dung dch
mui,  axit,  baz c nhiu ion t do.  Chng l nhng
cht dn in.  
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Nhng vt c cha rt t in tch t do l nhng
vt in mi.

Thu tinh,  nc nguyn cht,  khng kh kh,. . .
c rt t in tch t do.  Chng l nhng in mi.  

3. Gii thch ba hin tng nhim in

a) Nhim in do c xt

Nu c nhng im tip xc cht ch gia thanh
thu tinh v mnh la,  th  nhng im  c mt
s lectron t thu tinh di chuyn sang la.  Khi
thanh thu tinh c xt vi la th s im tip xc
cht ch tng ln rt ln.  Do  s lectron di
chuyn t thu tinh sang la cng tng ln.  V vy,
thanh thu tinh nhim in dng, mnh la nhim
in m (Hnh 2.3).  

b) Nhim in do tip xc

Khi thanh kim loi trung ho in tip xc
vi qu cu nhim in m, th mt phn trong s
lectron tha  qu cu di chuyn sang thanh kim
loi.  V th thanh kim loi cng tha lectron.  Do
, thanh kim loi nhim in m (Hnh 2.4).  

Ngc li,  nu thanh kim loi trung ho in
tip xc vi qu cu nhim in dng, th mt s
lectron t do t thanh kim loi s di chuyn sang
qu cu.  V th thanh kim loi tr thnh thiu
lectron.  Do ,  thanh kim loi nhim in dng.

c)  Nhim in do hng ng

Thanh kim loi trung ho in t gn qu cu
nhim in m, th cc lectron t do trong thanh
kim loi b y ra xa qu cu.  Do ,  u thanh kim
loi xa qu cu tha lectron, nn nhim in m.
u thanh kim loi gn qu cu thiu lectron,
nn nhim in dng (Hnh 2.5).

Thanh kim loi t gn qu cu nhim in dng,
th lectron t do trong thanh kim loi b ht li gn
qu cu.  Do , u thanh gn qu cu tha lectron
nn nhim in m, cn u kia thiu lectron nn
nhim in dng.

Hnh 2.3 Nhim in do c xt.

Hnh 2.4 Nhim in do tip xc.

Nhiu  khi,  ngi  ta cng ni
qu cu  nhim in  dng tip
xc vi  thanh kim loi  th in
tch  dng t qu cu  truyn
sang thanh kim loi  lm cho
thanh  kim  loi  nh im in
dng.  Em hiu  mnh  in
tch  dng t qu cu  truyn
sang thanh kim loi c ngha
l g ?

Hnh 2.5 Nhim in do hng ng.

C3
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Vy thc cht ca s nhim in do hng ng l s phn b
li in tch trong thanh kim loi.

4. nh lut bo ton in tch

Rt nhiu th nghim chng t rng  mt h vt c lp v
in, ngha l h khng trao i in tch vi cc h khc,
th tng i s cc in tch trong h l mt hng s.  l
ni dung ca nh lut bo ton in tch.  Mt vt no  trong
h c nhim in khng c ngha l in tch c sinh ra m
l cc in tch m v dng c tch ra v c phn b li
trong ni b h vt.  Cho n nay, nh lut bo ton in tch 
c kim nghim trong nhiu iu kin khc nhau, nhng
ngi ta cha gp mt trng hp no cho thy nh lut ny
khng c tho mn.

1 .  Hy nu  ni  dung ca thuyt lectron  dng  gii  thch  s nhim in  ca cc vt.
2.  Theo thuyt lectron  th th no l mt vt nhim in  dng hay nhim in  m ?
3.  Theo thuyt lectron  th c g khc nhau  gia vt dn  in  v vt cch in  ?
4.  Hy gii  thch  hin  tng nhim in  do c xt,  do tip xc,  do hng ng.
5.   Hy gii  thch  ti  sao khi  a mt qu cu  kim loi  khng  nhim in  li  gn  mt qu cu  khc

nhim in  th hai  qu cu  ht ln  nhau.

1 . Chn pht biu  sai .
A.  Trong vt dn  in  c rt nhiu  in  tch  t do.
B.  Trong vt cch in  c rt t in  tch  t do.
C.  Xt v ton  b,  mt vt trung ho in  sau   c nhim in  do hng ng th vn  l mt vt
trung ho in.
D.  Xt v ton b th mt vt nhim in  do tip xc vn l mt vt trung  ho in.

2.  Chn pht biu  ng.

A.  Mt qu cu  bc treo gn mt vt nhim in  th qu cu  bc c nhim in  do hng ng.
B.  Khi  mt m my tch  in  bay  gn  mt t th nhng ct chng st c nhim in  ch  yu

l do c xt.
C.  Khi  mt vt nhim in  chm vo nm kim loi  ca mt in  nghim th hai  l kim loi  ca in

nghim c nhim in  do tip xc.
D.  Khi  chi  u,  thng thy mt s si  tc bm vo lc,  hin  tng  l do lc c nhim

in do tip xc.

bi tp

cu hi
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in trng33
Hai in tch trong chn khng khng tip xc vi nhau nhng vn ht nhau hoc y nhau.

Chng tc dng lc ln nhau bng cch no ? 

Con c mp u ba c th nhn

bit c in trng.

Trong chng ny, ta ch xt in

trng ca cc in tch ng yn

i vi nhau, tc l in trng tnh,

gi tt l in trng.

1 . in trng

a) Khi nim in trng

Ta  bit mt vt tc dng lc hp dn ln cc
vt khc  gn n v xung quanh vt  c trng
hp dn.

y ta cng c hin tng tng t.  Mt in

tch tc dng lc in ln cc in tch khc  gn

n. Ta ni, xung quanh in tch c in trng.

Cc in tch tng tc c vi nhau l v in trng

ca in tch ny tc dng ln in tch kia.  Hin nay,

khoa hc chng t nhng iu ni trn l ng.

b) Tnh cht c bn ca in trng

Tnh cht c bn ca in trng l n tc

dng lc in ln in tch t trong n.

Mt vt c kch thc nh, mang mt in tch

nh, c dng  pht hin lc in tc dng ln

n gi l in tch th.  Ngi ta dng in tch th

 nhn bit in trng.

2. Cng  in trng

Gi s ta c mt s in tch th q1 ,  q2,  q3,...  t
ln lt cc in tch ny ti mt im nht nh
trong in trng v xc nh cc lc ...
tc dng ln chng.  Th nghim cho bit cc lc

c  ln khc nhau, nhng cc thng

s dng th bng nhau.  Nu   n c chiu 

ca cc lc tc dng ln cc in tch th th 

F

q

3 ,F2 ,F1 ,F

3 ,F2 ,F1 ,F
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Mt bn pht biu  :  T (3.1 )
ta c nhn xt,  ti  mt im xc
nh trong in  trng th cng
 in  trng E t l nghch  vi
 ln  ca in  tch  q.  Cu  pht
biu   ng hay sai  ?

a)          

b)

Hnh 3.1 Chiu ca lc in tc
dng ln in tch.

Cng  in trng ( )  l

i lng vect,  nhng nhiu khi

ngi ta cng gi  ln ca ,

k hiu E,  l cng  in trng.

E

E

C1

cc thng dng cng khng i,  ngha l

=.. .  Lm th nghim  cc im

khc nhau th cc thng l khc nhau.

Thng c trng cho in trng  im

ang xt v mt tc dng lc gi l cng  in

trng v k hiu l .

(3.1 )

Trong trng hp  bit cng  in trng,

th t cng thc (3.1 )  suy ra :  

(3.2)

T (3.2)  ta thy nu q > 0 th cng chiu vi

(Hnh 3.1a),  ngc li nu q < 0 th ngc

chiu vi (Hnh 3.1b).  

 Trong h SI,  n v cng  in trng c

th l niutn trn culng,  nhng thng dng n

v vn trn mt,  k hiu l V/m (xem Bi 4).

3. ng sc in

a) nh ngha

C nhiu cch m t in trng.  Cch m t c
tnh trc quan r rt l dng cch v cc ng
sc in.

ng sc in l ng c v trong in

trng sao cho tip tuyn ti bt k im no

trn ng cng trng vi phng ca vect

cng  in trng ti im .

E

F


E

F


F qE=

F
E

q
=

E



F

q

F

q

= =
1 2 3

1 2 3

F F F

q q q

F

q





Tuy nhin, trong thc t ngi ta thng quy nh

cho ng sc mt chiu i sao cho chiu ca ng

sc v chiu ca vect cng  in trng ti cc

im trn ng l trng nhau. Khi , ta hiu cc

ng sc l cc ng c chiu xc nh (Hnh 3.2).

Cc ng sc in ca mt in tch im v

ca h hai in tch im c trnh by trn

Hnh 3.3  v Hnh 3.4.

b) Cc tnh cht ca ng sc in

Cc ng sc in c mt s tnh cht sau y :  

Ti mi im trong in trng,  ta c th v
c mt ng sc in i qua v ch mt m thi.

Cc ng sc in l cc ng cong khng kn.
N xut pht t cc in tch dng v tn cng 
cc in tch m (hoc  v cc).

Trong trng hp ch c mt in tch,  th cc

ng sc xut pht t in tch dng ra v cc,

hoc t v cc n in tch m (Hnh 3.3).

Ni no cng  in trng ln hn th cc
ng sc in   c v mau hn (dy hn),  ni
no cng  in trng nh hn th cc ng
sc in   c v tha hn.  Chng hn,  trn
cc Hnh 3.3  v 3.4,   ni gn in tch,  cc ng
sc in mau hn ni xa in tch.

c) in ph

Dng mt loi bt cch in rc vo du cch
in v khuy u.  Sau  t mt qu cu nh
nhim in vo trong du.  G nh vo khay du th
cc ht bt s sp xp thnh cc ng ht bt.
Ta gi h cc ng ht bt  l in ph ca
qu cu nhim in.  in ph cho php ta hnh
dung dng v s phn b cc ng sc in.  

ng sc in v trong cc Hnh 3.3,  3.4 tng

ng vi cc in ph  hnh 3.5  v 3.6.

Hnh 3.2 ng sc in v vect
cng  in trng.

Hnh 3.3 ng sc ca mt in
tch im.

Hnh 3.4 ng sc ca h hai in
tch im.

a)  Hai  in  tch  dng.

b)  Hai  in  tch  tri  du.

1 5



4. in trng u
Mt in trng m vect cng  in

trng ti mi im u bng nhau gi l in
trng u.

Theo tnh cht ca ng sc,  ta suy ra cc
ng sc ca in trng u l cc ng thng
song song v cch u nhau.

Hnh 3.7 cho bit in ph ca hai tm kim loi
phng, rng, song song, mang in tch tri du, c
 ln bng nhau.  ra ca hai tm kim loi,  cc
ng ht bt l cc ng cong, cn  gia hai
tm, cc ng ht bt song song v cch
u nhau.

Da vo in ph, ta c th ni in trng gia
hai tm kim loi l in trng u.  ng sc ca
in trng ny c v trn Hnh 3.8.  

5. in trng ca mt in tch im 
Hai in tch im q, Q t cch nhau mt

khong r trong chn khng th lc Cu-lng tc dng
ln in tch q c vit di dng :

T cng thc (3.1 )  ta suy ra cng  in
trng ca in tch im Q ti mt im l :  

9
2

9.10
qQ

F
r

=

C th coi  cc ng ht
bt ca in  ph l cc ng
sc c khng ? Gii  thch.

Hnh 3.5 in ph ca mt qu cu
nhim in.

Hnh 3.6a in ph ca hai qu cu
nhim in cng du.

Hnh 3.6b in ph ca hai qu cu
nhim in tri du.

C2

1 6

Hnh 3.7 in ph ca
in trng  gia hai
tm kim loi phng,
rng,  song song,  mang
in tch tri du,  c 
ln bng nhau.

Hnh 3.8 Cc ng
sc  gia hai tm
kim loi phng,  rng,
song song,  mang
in tch tri du,  c
 ln bng nhau.
Cc ng sc ny
song song vi nhau
v cch u nhau.
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C hai  in  tch  q1 ,  q2 t ti
hai  im A, B.  Hy tm nhng
im m ti   hai  vect cng
 in  trng ca hai  in tch  :

a)  cng  phng,  cng chiu.
b)  cng  phng,  ngc chiu.

a) Q > 0

b) Q < 0

Hnh 3.9 Chiu ca vect cng 
in trng ca in tch im ph
thuc vo du ca in tch.

C3

(3.3)

r l khong cch t im kho st n in tch Q.

Nu Q > 0 th cng  in trng hng ra xa
in tch Q (Hnh 3.9a),  nu Q < 0 th cng 
in trng hng v pha in tch Q (Hnh 3.9b).  

6. Nguyn l chng cht in trng

Gi s ta c h n in tch im Q1 ,  Q2 . . .  Qn.

Gi cng  in trng ca h  mt im no

 l .  Cng  in trng ch ca in tch

Q1 l cng  in trng ch ca in tch

Q2 l ,  . . . ,  cng  in trng ch ca in

tch Qn l ti im ang xt.  Khi  ta c :

(3.4)

Ch  rng, v phi l tng cc vect 1 2, , . . .E E

= + + +1 2 . . . nE E E E

nE

2E

1 ,E

E

9
2

9.10
Q

E
r

=

1 .  Cng  in  trng lun  cng phng v cng chiu  vi  lc tc dng  ln  mt in  tch
bt k t trong  in  trng .  iu   ng  hay sai  ?  Gii  thch.

2.  Hy nu  tnh  cht c bn ca in  trng.

3.  C th coi  ng sc in  l qu o ca mt in  tch  im chuyn ng di  tc dng ca in
trng c khng ? Hy gii  thch.  

4.  Hy nu  tnh  cht cc ng sc in  v gii  thch.  

1 .  Chn pht biu  sai .
A.  in  ph cho php ta nhn bit s phn b cc ng sc ca in  trng.
B.  ng sc in  c th l ng cong kn.
C.  Cng  c khi  ng sc in  khng  xut pht t in  tch  dng m xut pht t v cng.
D.  Cc ng sc ca in  trng u  l cc ng thng  song song v cch u  nhau.

bi tp

FE

cu hi
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2.  Chn  phng n  ng.
Cng thc xc nh  cng  in  trng ca in  tch  im Q < 0 c dng :

A. . B. .

C. . D. .

3.  Mt in  tch  th t ti  im c cng  in  trng 0,1 6 V/m.  Lc tc dng  ln   in  tch  
bng 2.1 0 -4 N.  Hi   ln  ca in  tch   l bao nhiu  ? 

4.  C mt in  tch  Q = 5.1 0 -9 C t ti  im A trong chn khng.  Xc nh  cng  in  trng ti
im B cch A mt khong  1 0 cm.  

5.  C hai  in  tch  q1 ,  q2 t cch nhau  1 0 cm trong  chn  khng.  in  tch  q1 = 5.1 0-9 C,  in  tch
q2 = 5.1 0-9 C.  Xc nh  cng  in  trng ti  im M nm trn  ng thng  i  qua hai  in
tch   v :  

a)  cch u  hai  in  tch  ;

b)  cch q1 mt khong  5 cm v cch  q2 mt khong 1 5 cm.

6. Hai  in  tch  q1 = q2 = 5.1 0-1 6 C c t c nh  ti  hai  nh  B,  C ca mt tam gic u  cnh l
8 cm.  Cc in  tch  t trong khng  kh.

a)  Xc nh  cng  in  trng ti  nh  A ca tam gic ni  trn.

b)  Cu tr li  s thay i  th no nu q1 = 5.1 0-1 6 C,  q2 = 5.1 0-1 6 C ?

7. Ba in  tch  q ging  nhau  c t c nh  ti  ba nh  ca mt tam gic u  cnh a.  Xc nh
cng  in  trng ti  tm ca tam gic.

Tng tc gn v tng tc xa

Tng tc gia hai  vt khng tip xc vi  nhau  c thc hin  bng cch no ? C hai
cch gii  p cu  hi  .  Cch gii  p th nht cho rng hai  vt khng tip xc vi  nhau
vn c th tng tc vi  nhau.  Quan im ny gi  l quan im tng tc xa.  nh  lut vn
vt hp dn  v nh  lut Cu-lng th hin  quan im .

Cch gii  p th hai  cho rng,  c tng tc hp dn gia hai  vt khng tip xc vi  nhau
l v vt ny c t trong  trng hp dn  ca vt kia,  lc hp dn tc dng ln  vt B l do
trng hp dn ca vt A ti  im t vt B gy ra.  Tng t nh vy,  nu  c hai  in  tch
A v B,  th c lc in  tc dng ln  in  tch  B l v B c t trong in  trng ca in
tch  A.  in  trng ca in  tch A l thc th vt l  truyn lc in  t in  tch  A n in  tch  B.
Quan im ny gi  l quan im tng tc gn.  Theo quan im tng tc xa th tc 
truyn tng tc l v hn.  iu   tri  vi  thc t.  Cn theo quan  im tng tc gn th
tc  truyn tng tc l hu hn.  Nhiu  s kin  thc nghim  chng t quan im tng
tc gn l ph  hp vi  thc t.

Em c bit ?

= 
99.1 0
Q

E
r

=
99.1 0
Q

E
r

= 
9

2
9.1 0

Q
E

r
=

9
2

9.1 0
Q

E
r
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1 . Cng ca lc in
Ta xt cng ca lc in tc dng ln mt in

tch q chuyn ng t M n N trong in trng
u, chng hn in trng gia hai tm kim loi
rng, song song, mang in tch tri du c  ln
bng nhau.

Gi s q > 0 v ng i ca in tch q l on
ng cong MN (Hnh 4.1 ).

 tnh cng ca lc in trn on ng cong
MN,  ta chia MN thnh nhiu on nh, cng ca
lc in tc dng ln q bng tng cc cng trn cc
on nh .

V q > 0 nn lc in tc dng ln q c chiu
hng t tm mang in tch dng sang tm mang
in tch m.  Coi rng on ng cong MN c
chia thnh nhiu on nh sao cho mi on nh 
c th coi l on thng.  Khi  cng thc tnh cng
trn mt on nh no ,  chng hn on PQ,  l :

 y l hnh chiu ca PQ ln trc Ox ;  quy c

v trc Ox c chiu trng vi chiu ca ng sc.

Cng trn ton on MN bng :

Kt qu trn y c rt ra t gi thit q > 0.
Tuy nhin,  nu q < 0 ta cng rt ra c cng thc
nh trn.  Do  c th vit :

(4.1 )=MN . ' 'A qE MN

= . ' 'qE M N

= + + + +( ' ' . . . ' ' . . . ' ')qE M R P Q S N

MNA A= 

' 'P Q

 = =PQ . . cos . ' 'A qE PQ qE P Q

Hnh 4.1

Trong C hc ta cng  rt ra kt
lun l cng ca lc hp dn khng
ph thuc vo dng ng i ca vt
m ch ph thuc vo im u v
im cui ca ng i.

V sao ngi  ta ni  trng
hp dn v in  trng u  l
nhng trng th ?

Chng t rng  (4.1 )  cng
ng c trong trng hp q < 0.

C2

C1

Cng ca lc in
h iu in th44

Cng ca trng lc c biu din qua hiu th nng hp dn. Cn cng ca lc in c th
c biu din qua i lng no ?
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M ,  N l hnh chiu ca hai im M,  N ln trc Ox ; l

 di i s ca on MN ;  cn q c du tu .

T (4.1 ) ta c nhn xt l,  cng ca lc in tc dng ln
in tch q khng ph thuc vo dng ca on ng i MN
m ch ph thuc vo v tr ca hai im M, N tc l ca im
u v im cui ca ng i.  

Ngi ta  chng minh rng nhn xt trn y cng ng
c trong trng hp in trng khng u.

Cng ca lc in tc dng ln mt in tch khng ph
thuc dng ng i ca in tch m ch ph thuc vo v tr
im u v im cui ca ng i trong in trng.  

Do ,  ngi ta ni in trng tnh l mt trng th
(tng t nh trng hp dn).

2. Khi nim hiu in th

a) Cng ca lc in v hiu th nng ca in tch

Cng ca trng lc v cng ca lc in cng c mt c tnh
quan trng l nhng cng ny khng ph thuc dng ng i
ca vt m ch ph thuc v tr im u v im cui ca
ng i.  

Ta  bit,  cng ca trng lc c biu din qua hiu th
nng ti v tr u v cui ng i ca vt  (Bi 35,  SGK
Vt l 10 nng cao).

y, ta cng coi mt in tch q  trong in trng th c
th nng, v cng ca lc in khi in tch q di chuyn t im
M n im N cng c biu din qua hiu ca cc th nng
ca in tch q ti hai im  :  

AMN = WM  WN

b) Hiu in th, in th

Hiu th nng ca vt trong trng trng t l vi khi lng
m ca vt.  y,  ta cng coi hiu th nng ca in tch q trong
in trng t l vi in tch q,  ngha l c th biu din AMN
di dng sau :

AMN = q(VM  VN) (4.2)

(VM  VN )  c gi l hiu in th(hay in p) gia hai im
M, N v k hiu l UMN.  

' 'MN
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T (4.2) rt ra cng thc sau y c coi l
cng thc nh ngha hiu in th :  

U
MN 

= V
M
 V

N
= (4.3)

Hiu in th gia hai im trong in trng
l i lng c trng cho kh nng thc hin
cng ca in trng khi c mt in tch di
chuyn gia hai im .

Cc i lng VM,  VN c gi l in th ca
in trng ti im M, N tng ng.  in th ca
in trng ph thuc vo cch chn mc tnh in
th.  Thng ngi ta chn in th  xa v cc lm
mc.  Cng c khi ngi ta chn in th  mt t
lm mc (ngha l coi in th  mt t bng 0).
V vy,  khi ni ti in th ti mt im A no 
th thc cht  l hiu in th VA  VB,  trong 
VB l in th c chn lm mc ngha l VB = 0.

Trong h SI,  n v in th v hiu in th l
vn k hiu l V.  T cng thc (4.2) suy ra,  nu
UMN = 1  V, q = 1 C th AMN = 1  J.  Vy vn l hiu
in th gia hai im M, N m khi mt in tch
dng 1 C di chuyn t im M n im N th lc
in s thc hin mt cng dng l 1  J.  

 o hiu in th gia hai vt,  ngi ta dng
tnh in k (Hnh 4.2).

Trong k thut,  hiu in th gi l in p.

3. Lin h gia cng  in trng v

hiu in th

So snh hai cng thc (4.1 ) v (4.2)  ta rt ra :

(4.4)

 l cng thc biu th mi lin h gia cng
 in trng v hiu in th i vi in trng
u.  Cc im M, N,  M',  N'  c ch r trn

MN

' '

U
E

M N
=

MNA

q

Hiu  in  th gia hai  im
c ph  thuc vic chn mc tnh
in th khng ? Gii  thch.  

Hnh 4.2 Tnh in k.

1 .  Kim ca tnh  in  k ;  2.  Trc
quay ca kim ;  3.  Thanh kim loi,  gi
l cn  ca tnh  in  k ;  4.  V tnh
in  k bng kim loi.

Mun o hiu  in  th gia hai  vt,
ta ni  mt vt vi  cn  ca tnh  in
k,  vt kia vi  v.   lch ca kim
cho bit h iu  in  th gia hai
vt .

Mun o in  th ca vt A
ta ni  A vi  cn tnh  in  k,  v
tnh  in  k ni  vi  t.  Vy ni
v tnh  in  k vi  t c 
ngha g ?

C4

C3
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Hnh 4.1 .  T (4.4) ta hiu ti sao n v cng 
in trng l vn trn mt.

Mi lin h gia cng  in trng v hiu
in th thng c vit di dng n gin
nh sau :

(4.5)

d l khong cch gia hai im M',  N'.

U
E

d
=

Da vo cng thc (4.4)  hy

chng minh rng  in  th gim

theo chiu  ca ng sc.  

Hng dn

V trc Ox trng vi  mt ng
sc bt k nh trn  Hnh  4.3 v
p dng cng thc (4.3)  i  vi
hai  im M,  N gn nhau trn
trc Ox.

Hnh 4.3

C5

1 . Hy gii  thch  bng hnh  v i  lng trong  cng thc (4.1 ).

2.  Hy vit cng thc tnh  cng  ca lc in  khi  mt in  tch  d i  chuyn t im M n im N trong
in  trng.  C g ng ch   trong cng  thc va vit ?

3.  Hy tm mi  l in  h gia UMN v UNM .

4. Hy vit cng thc nh  ngha hiu  in  th.

5.  Hy vit cng thc l in  h gia cng  in  trng v hiu  in  th trong  trng hp in
trng u.

1 . Chn phng n  ng.

Mt in  tch  q chuyn ng trong in  trng (u  hay khng u)  theo mt ng cong kn.
Gi cng ca lc in  trong chuyn ng   l A th

A.  A > 0 nu q > 0.

B.  A > 0 nu q < 0.

C.  A  0 nu  in  trng khng u.

D.  A = 0.

2. Chn phng n  ng.

Cho ba im M,  N,  P trong mt in  trng u.  MN = 1  cm ;  NP = 3 cm ;  UMN = 1  V ;  UMP = 2 V.
Gi  cng  in  trng ti  M,  N,  P l EM ,  EN ,  EP,  

A.    EN > EM . B.    EP = 2EN . C.    EP = 3EN . D.    EP = EN .

bi tp

' 'M N

cu hi
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3.  Mt in  tch  q chuyn ng t im M n im N,  t
im N n im P nh trn  Hnh  4.4 th cng ca lc in
trong  mi  trng hp bng  bao nhiu  ? Gii  thch.

4.  Hai  tm kim loi  phng rng t song song,  cch nhau  2 cm,  c nhim in  tri  du  nhau  v c
 ln  bng nhau.  Mun in  tch  q = 5.1 0 -1 0 C di  chuyn t tm ny n  tm kia cn  tn  mt cng
A = 2.1 0-9 J.  Hy xc nh  cng  in  trng bn trong hai  tm kim loi  .  Cho bit in  trng
bn trong hai  tm kim loi   cho l in  trng u  v c ng sc vung  gc vi  cc tm.

5. Mt lectron  chuyn ng dc theo ng sc ca mt in  trng u.  Cng  in  trng
E = 1 00 V/m.  Vn tc ban  u  ca lectron  bng  300 km/s.  Hi  lectron  chuyn ng c qung
ng di  bao nhiu th vn tc ca n bng khng ? Cho bit khi  lng lectron m = 9,1 .1 0-31 kg.

6. Hiu  in  th gia hai  im M,  N l UMN = 1  V.  Mt in  tch  q = 1  C di  chuyn t M n N th
cng ca lc in  bng  bao nhiu  ?  Gii  thch   ngha ca kt qu tnh  c.  

7.  Mt qu cu  nh khi  lng 3,06.1 0-1 5 kg nm l lng  gia hai  tm kim loi
song song nm ngang  v nhim in  tri  du.  in  tch  ca qu cu   bng
4,8.1 0-1 8 C.  Hai  tm kim loi  cch nhau  2 cm.  Hy tnh  hiu  in  th t vo hai
tm .  Ly g = 1 0 m/s2.  

8.  Mt qu cu  khi  lng  4,5.1 0-3 kg  treo vo mt si  dy di  1  m.  Qu cu  nm
gia hai  tm kim loi  song  song,  thng  ng  nh H nh  4.5.  Hai  tm cch
nhau  4  cm.  t mt h iu  in  th 750 V vo hai  tm  th qu cu  lch  ra
khi  v  tr ban  u  1  cm.  Tnh  in  tch  ca qu cu.  Ly g = 1 0  m/s2.

Th nghim Mi-li-kan

Th nghim Mi-l i -kan  (Robert Andrews Mi l l ikan,  1 868  1 953,  nh vt l  ngi  M,  g ii

N-ben nm 1 925)  nhm xc nh  in  tch  nh nht trong t nhin.  

S  th nghim Mi-l i-kan c trnh  by trn  Hnh  4.6.  Trong hnh   1  v 2  l hai  tm

kim loi  ng knh  khong 20 cm.  Hai  tm c t nm ngang v cch nhau chng 2 cm.

Dng my phun,  phun vo l nh  tm kim loi  1  nhng ht du  c kch  thc rt nh

(vo c 1  m).  Do c xt vi  ming vi  phun  m mt s ht du  c nhim in.  Qua l

nh c mt s ht du  ri  vo bn trong khong khng gian  gia hai  tm kim loi.  Dng knh

quan st cc ht  trong khong thi  gian  chng vi  ba gi.  

Em c bit ?

Hnh 4.4

Hnh 4.5
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u tin,  khi  hai  tm 1

v 2 cha ni  vi  ngun,  ta

thy nhng  ht du  ri

xung vi   tc  ln  dn.

Sau   tc  ri  ca

chng khng i.   l lc

lc ma st cn bng vi  lc

hp dn.  y lc ma st

t l vi  tc  ri  ca ht.

K hiu  tc  khng i

ny l v th fms = kv.  Ta c

h thc sau  :

mg = fms = kv

(k l mt h s t l)

By gi ni  tm 1  vi  cc

dng v tm 2 vi  cc m

ca mt ngun in.  Khi  

c mt s ht khng ri  xung m li  chuyn ng t di  ln trn,   l nhng ht nhim in

m.  Khi  nhng ht ny t n tc  khng i  v1 ,  ta c th vit cng thc sau :  

q = mg + kv1 (1 )

trong  q l in  tch  ca ht du, U l hiu  in  th gia hai  tm kim loi,  d l khong cch
gia hai  tm .

Ion  ho khng kh trong khong khng gian  gia hai  tm kim loi  (bng tia X,  tia phng

x, . . . )  th c mt s ht thay i  tc  t ngt do chng nhn  thm ht mang in t khng

kh.  Khi  nhng ht nhn thm in  tch  ny t n tc  khng i  v2,  ta c th vit h

thc sau  :
(q + qn) = mg + kv2 (2)

 y qn l in  tch  m ht du  nhn thm c.

T (1 )  v (2)  ta rt ra :

q
n
= k (v

2
 v

1
)

d v U l nhng i  lng c th o c,  v2 v v1 c th xc nh  c bng knh  quan st.
Cn k phi  xc nh  bng nhng phng php ring xut pht t h thc mg = kv ( y
khng ni  n).  T  ta tm c qn.  

Trong khong thi  gian  t 1 909 n 1 91 3,  Mi-l i-kan v cc cng s ca ng  o in
tch  ca chng vi  nghn  ht.  ng nhn  thy rng,  khng c ht no c in  tch  nh hn
1 ,6.1 01 9 C v in  tch  ca cc ht u  bng mt s nguyn ln  1 ,6.1 01 9 C.  T  ng rt
ra kt lun rng,  trong t nhin  tn  ti  in  tch  nguyn t (1 ,6.1 01 9 C).

U

d

U

d

U

d

Hnh 4.6 S  th nghim Mi-li-kan.

1,  2.  Hai tm kim loi ; 3.  My phun ; 4.  L nh ; 5.  n chiu sng ;
6.  Knh quan st.
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1 . Cho hai in tch dng q1 = 2 nC v q2 = 18  nC t c nh trong khng kh v
cch nhau 10 cm. t thm mt in tch th ba q0 ti mt im trn ng thng ni
hai in tch q1 ,  q2 sao cho q0 nm cn bng.  Hy tm :  

a)  V tr t q0.  

b)  Du v  ln ca q0.  

Bi gii 

a) Gi s q1 v q2 c t nh trn Hnh 5.1 .  Ta nhn thy  q0 nm cn bng
th q0 phi nm bn trong hai in tch q1 ,  q2.  Gi khong cch gia q0 v q1 l x,
gia q1 v q2 l a.  Gi  ln ca lc Cu-lng m q1 ,  q2 tc dng ln q0 l F1 ,  F2
tng ng, ta c :

 Nu q
0
< 0, ,

 Nu q0 > 0, ,  F
2
= k

Mun q0 nm cn bng th F1 = F2.  Trong c hai
trng hp u c th rt ra :  

q1 (a  x)2 = q2x2

Thay s ta c 2.10-9(10  x)2 = 18.10-9 x2.  Gii ra

ta c x = 2,5  cm.  

b)  Kt qu tm c trn y khng ph thuc vo du v  ln ca in tch q0.
V vy,  du v  ln ca q0 l tu .  Tuy nhin,  ta c th thy tnh cn bng ca q0
trong hai trng hp q0 > 0 v q0 < 0 l khc nhau.

2. C hai in tch im q1 = 0,5  nC v q2 = 0,5  nC t cch nhau mt on
a = 6 cm trong khng kh.  Hy xc nh cng  in trng ti im M cch
u hai in tch q1 ,  q2 v cch ng thng ni q1 ,  q2 mt on l = 4 cm.  

E

1 2
2 2( )

q q

x a x
=



2 0
2( )

q q

a x

1 0
1 2

q q
F k

x
=

2 0
2 2( )

q q
F k

a x
=



1 0
1 2

q q
F k

x
=

a)

b)

Hnh 5.1

a) q0 < 0.  

b)  q0 > 0.

Bi tp v lc cu-lng v 
in trng55
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Bi gii 

Gi cng  in trng do in tch q1 ,  q2 gy
ra ti M l ,  .  V  ln ca hai in tch q1 ,
q2 bng nhau v im M cch u hai in tch 
nn E1 = E2.  Cc vect ,  c v trn
Hnh 5.2.  

Theo cng thc xc nh cng  in trng

ca mt in tch im, ta c :  

r2 = l2 + 

Ta c .  V E1 = E2 nn vect 

song song vi ng thng ni q
1
,  q

2
v c chiu

nh Hnh 5.2.  T Hnh 5.2,  ta suy ra :  E = 2E1cos,

trong  : cos =

Do  : E = 8.9.109

Thay s,  ta c  E = 2 160 V/m.

3. C hai tm kim loi (1 ),  (2) rng, nm ngang

song song vi nhau v cch nhau d = 10 cm

(Hnh 5.3).  Tm (1 )  mang in dng, tm (2)

mang in m, in tch trn hai tm c  ln

bng nhau.  Bn trong hai tm kim loi c mt

ht bi khi lng m = 2.109 g mang in tch

q = 0,06 pC b vng  im O (nm yn ti O).

O cch tm kim loi (2)  1 ,6 cm v cch mp tri hai

tm kim loi 10 cm.  Lc t = 0,  ta truyn cho ht bi

mt vn tc v = 25  cm/s theo phng ngang.  Sau 

t lu ht bi i n M,  M cch tm kim loi (1 )

2 cm v cch mp tri hai tm kim loi 14 cm.

1
2 2 3/2(4 )

q a

l a+

2
22

2

a

a
l

 
+  
 

E1 2E E E= +

2

2
a 

 
 

9 1
1 2 2

9.10
q

E E
r

= =

2E1E

2E1E

Hnh 5.2

Hnh 5.3
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a) Hi hiu in th gia hai tm kim loi bng
bao nhiu ?

b) Tnh cng ca lc in trong di chuyn ni trn
ca ht bi.

Coi rng qu o ca ht bi nm trong mt
phng hnh v.  in trng bn trong hai tm kim
loi l in trng u.  Ly g = 10 m/s2.  

Bi gii

a) Trng lng ca ht bi P = mg.

Lc in tc dng ln ht bi :

Lc tng hp tc dng ln ht bi :

Gia tc ca ht theo phng vung gc vi hai
tm kim loi :

Qu o ca ht bi l mt on parabol (Hnh 5.4).  

Suy ra :

Vy :

Thay s ta c : U = 50 V

b) Ta c th vit :

T  tnh c :  

p dng cng thc AOM = qUOM,  ta c :

J
12

OM 1, 92.10A =

= OM 32 VU

OM
23, 6.10

U U

dd 
= 



 
= + 

 

2

2

2md y
U g

q x

v

 =
2

2

2U y
q g
md x

v

=
2

2

2y
a

x

v

2

2
a x

y
 

=  
 v

= = 
F U

a q g
m md


U

F F P q mg
d

=  = 


U

F q
d

=
Hnh 5.4
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1 . Vt dn trong in trng
a) Trng thi cn bng in

Mt vt dn c th c tch in bng hng ng, bng c xt
hay bng tip xc.

D c tch in bng cch no,  th lc u ca qu trnh tch
in cng c s di chuyn cc in tch t do v to thnh dng
in trong vt dn.  Tuy nhin,  dng in ch tn ti trong
khong thi gian rt ngn.  Khi trong vt dn khng cn dng
in na, ngi ta ni vt dn cn bng tnh in,  hay cng ni
tt l cn bng in.

Sau ny,  khi ni vt dn trong in trng, ta hiu ngm rng
ch ni n trng hp vt dn cn bng in trong in trng.

b) in trng trong vt dn tch in

Th nghim chng t rng bn trong vt dn,  in trng
bng khng. iu  cng d hiu,  v trong vt dn  c sn
cc in tch t do nn nu in trng khc khng th n s tc
dng lc ln cc in tch t do v gy ra dng in.  iu ny
tri vi gi thit l vt  trng thi cn bng in.

Trong phn rng ca vt dn,  in trng cng bng khng nu
 phn ny khng c in tch.

in trng bn trong vt dn rng bng khng nn ngi ta
dng cc vt dn rng lm cc mn chn in.   cc dng c
hay cc my mc chnh xc khng b nh hng bi in trng
ngoi,  ngi ta t chng trong nhng chic hp kim loi.

Cng  in trng ti mt im trn mt ngoi vt dn
vung gc vi mt vt (Hnh 6.1 ).  V nu cng  in trng
khng vung gc vi mt vt dn th s c mt thnh phn tip
tuyn vi mt vt.  Thnh phn ny tc dng lc ln cc in tch
t do v gy ra dng in trn mt vt.  

c)  in th ca vt dn tch in

in th trn mt ngoi vt dn.  

Hnh 6.1 Trn mt vt
dn,  vect cng 
in trng vung gc
vi mt vt.

Nu  trong
phn rng  ca vt
dn  c mt in
tch,  th in  trng
trong phn rng  
bng bao nhiu  ?

C1

Vt dn v in mi trong
in trng66

Bi ny s kho st nhng tnh cht ca vt dn v in mi khi chng c t trong in
trng. Ch  rng mt vt dn tch in cng c th coi l vt dn t trong in trng.
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Th nghim

S  ca th nghim nh trn Hnh 6.2.  

Th nghim chng t in th ti mi im trn
mt ngoi vt dn c gi tr bng nhau.

in th bn trong vt dn.  

V in trng trong vt dn bng khng, nn t
mi lin h gia E v U c th suy ra rng in th
ti mi im bn trong vt dn phi bng nhau v
bng in th trn mt ngoi ca vt.  

Vy vt dn l vt ng th.

d) S phn b in tch  vt dn tch in

S phn b in tch  mt ngoi ca vt dn.

Th nghim 

S  th nghim nh  Hnh 6.3.  

Th nghim chng t,  mt vt dn rng nhim
in, th in tch ch phn b  mt ngoi ca vt.

Vi vt dn c,  in tch cng ch phn b 
mt ngoi ca vt.

S phn b in tch trn vt trong trng hp
m mt ngoi c ch li,  ch lm.

Th nghim

S  th nghim nh  Hnh 6.4.  

T th nghim ta rt ra kt lun :  nhng ch li

ca mt vt dn,  in tch tp trung nhiu hn ; 

nhng ch mi nhn in tch tp trung nhiu

nht ;  ch lm hu nh khng c in tch.

in tch phn b trn mt ngoi ca vt dn
khng u,  nn cng  in trng  gn mt
ngoi ca vt cng khc nhau.  Ni no in tch tp
trung nhiu hn, in trng   mnh hn, c
bit  gn cc mi nhn in trng rt mnh.

Nu mi nhn t trong khng kh, th mt s
ht mang in c sn trong khng kh  gn mi

Hnh 6.2 Th nghim v in th 
mt ngoi ca vt dn.

1 .  Vt dn  nhim in  ;  2.  Qu cu
th bng kim loi  ;  3.  Tay cm bng
nha ;  4.  Tnh  in  k ;  5.  Dy ni
qu cu  v tnh  in  k.

Ni  nm kim loi  ca cn tnh
in  k vi  qu cu  th.  Di  chuyn
qu cu  th n nhiu  im khc
nhau trn  mt vt nhim in.  Ti
mi  im (k c nhng im  phn
lm ca vt)  gc lch ca kim tnh
in  k u  nh nhau.

Hnh 6.3 Th nghim v s phn b
in tch  mt ngoi vt dn.

1.  Qu cu kim loi nhim in ; 
2. Qu cu th bng kim loi ; 
3.  Tay cm bng nha ; 
4.  in nghim.

Cho qu cu th tip xc vi  mt
ngoi  qu cu kim loi  1 .  Sau  a
qu cu th chm vo nm kim loi
ca in nghim,  ta thy hai  l kim
loi  xo ra.  Nhng nu cho qu cu
th tip xc vi  mt trong ca qu cu
1  th hai  l kim loi  khng xo ra.
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nhn c tng tc v lm cho khng kh   b
ion ho.  Cc ht mang in tri du vi in tch
ca mi nhn b ht vo mi nhn lm cho in tch
ca mi nhn gim nhanh.  iu ny c p dng
trong ct chng st.  

2. in mi trong in trng

Khi t mt vt in mi trong in trng th
ht nhn v lectron trong cc nguyn t ca vt 
chu tc dng lc ca in trng.  Cc lectron x
dch ngc chiu in trng.  Cn ht nhn th hu
nh khng x dch.  Kt qu l mi nguyn t nh
c ko dn ra mt cht v chia thnh hai u
mang in tch tri du nhau.  Ngi ta ni in mi

b phn cc.  

Khi mu in mi c t trong in trng
u, chng hn t trong in trng bn trong hai
tm kim loi phng rng, song song tch in tri
du v bng nhau, th do s phn cc m cc mt
ngoi ca in mi tr thnh cc mt nhim in
nh trn Hnh 6.5.  

Ti  sao  th nghim Hnh
6.2 ta cn ni  qu cu  th vi
nm kim loi  ca tnh  in  k
cn th nghim  Hnh  6.3 th
khng ni  qu cu  th vi  nm
kim loi  ca in  nghim ?

C2

Cho qu cu th chm vi  mt vt
dn nhim in.  Sau  a qu cu
n chm vi  nm kim loi  ca in
nghim.  C sau mi  ln th nh trn,
ta kh in tch  qu cu v  in
nghim ri  mi  lm php th tip
theo.  Qu cu th c kch thc nh
 cho sau mi ln th,  in tch ca
vt nhim in thay i  khng ng
k.  Gc xo ca hai  l in nghim 
Hnh 6.4b ln nht.  Hnh 6.4c hai  l
kim loi  hu nh khng xo ra.

Hnh 6.5 S phn cc ca in mi.

Mt bn tri  ca mu  in  mi
nhim in  m,  mt bn  phi  nhim
in dng.

Cc mt nhim in  ca in
mi  lm xut hin  in  trng ph.
in trng ph  ngc chiu  vi
in  trng  ngoi  lm cho in
trng bn trong in  mi  gim.
in trng gim ko theo lc in
tc dng ln  in  tch  trong in  mi
cng gim.   l iu  ta  ni  n
 Bi  1 .

Hnh 6.4 Th nghim v s phn b in tch  vt dn trong
trng hp mt ngoi c ch li,  ch lm.



31

1 .  Da trn cn c no,  ta suy on rng cng  in trng  mt ngoi vt dn vung gc vi mt vt ? 
2.  Gi s ngi  ta lm cho mt s lectron  t do t mt ming  st vn  l trung  ho in  d i  chuyn

sang mt vt khc.  Hi  khi   mt ngoi  ca ming st l mt nhim in  hay mt trung ho in ? 
3.  Hy gii  thch  v sao khi  a mt vt nhim in  dng li  gn  mt qu cu  bc (in  mi)  th qu

cu bc b  ht v pha vt nhim in  dng ? Nu  a li  gn  qu cu  bc mt vt nhim in
m th qu cu  bc b  ht v pha vt nhim in  m hay b  y ra xa vt  ? 

1 . Chn phng n  ng.

Mt qu cu  nhm rng c nhim in  th in  tch  ca qu cu
A.  ch phn  b  mt trong ca qu cu.
B.  ch phn  b  mt ngoi  ca qu cu.
C.  phn b c  mt trong v mt ngoi  ca qu cu.
D.  phn  b  mt trong  nu  qu cu  nhim in  m,   mt ngoi  nu  qu cu  nhim in  dng.

2. Trong cc pht biu  sau,  pht biu  no ng ,  sai ?

A.  Mt qu cu  kim loi  nhim in  dng th in  th  mt im trn  mt qu cu
ln hn in  th  tm qu cu.

B.  Mt qu cu  bng ng  nhim in  m th cng  in  trng ti  im bt k bn
trong  qu cu  c chiu  hng v tm qu cu.

C.  Cng  in  trng ti  mt im bn ngoi  vt nhim in  c phng vung gc
vi  mt vt .

D.  in  tch   mt ngoi  ca mt qu cu  kim loi  nhim in  c phn b nh nhau
 mi  im.

Theo nh  lut Cu-lng th lc tng tc gia hai  in  tch  im t l nghch  vi  bnh  phng khong
cch gia chng.  iu  ny trng  hp mt cch  k l vi  nh  lut vn  vt hp dn  ca Niu-tn.  V vy,
t lu  nhiu  nh vt l   tm cch  kim chng  nh  lut Cu - lng  v s t l  nghch  ca lc vi  

bnh  phng khong  cch chnh  xc n  mc no.  Bng l  thuyt ngi  ta chng minh

rng,  nu  nh  lut Cu-lng ng th in  tch  m ta tch  cho vt phi  phn  b  mt ngoi  ca vt dn.
V vy,   kim chng nh  lut Cu-lng ngi  ta lm th nghim chng minh  rng  in  tch  ch phn
b  mt ngoi  ca vt dn  tch  in.   l l  do ti  sao th nghim chng minh  in  tch  ch phn b
 mt ngoi  ca vt c  ngha rt ln.  Vi  nhng dng  c  th nghim hin  i  ngi  ta  chng minh
rng,  trong h thc lc tng tc gia hai  in  tch  im,  s m ca r nu sai  khc vi  2  th ch sai
khc rt t,  nh hn 1 0-1 6.  V vy,  vi  tuyt i  a s cc trng hp th nh  lut t l nghch  vi  bnh
phng khong cch c coi  l hon ton chnh  xc.


 
 2

1
~F

r

Em c bit ?

bi tp

cu hi

ng  Sai



32

T in77
Bi ny s ni v mt loi l inh kin c cu to n gin nhng li rt thng dng trong k thut

in, in t  l t in.

1 . T in

a) nh ngha

T in l mt h hai vt dn t gn nhau.
Mi vt dn  gi l mt bn ca t in. Khong
khng gian gia hai bn c th l chn khng hay
b chim bi mt cht in mi no .

Trong s  mch in,  t in c k hiu nh
trn Hnh 7.1 .

Ni hai bn ca t in vi hai cc ca mt
ngun in (acquy hay my pht in),  th hai bn
ca t in s tch cc in tch bng nhau v  ln
nhng tri du nhau.  Khi ,  ta ni l tch in (hay
np in)  cho t in (Hnh 7.2).

Nu ta ni hai bn ca t in  tch in vi
mt in tr,  th s c dng in chy qua in tr.
in tch trn cc bn t in gim dn i.  Ta ni t
in phng in.  Do c kh nng tch v phng in
nh vy,  nn t in c nhiu ng dng trong k
thut in v in t.

b) T in phng 

T in n gin v thng gp l t in phng.
Hai bn ca t in phng l hai tm kim loi phng
c kch thc ln so vi khong cch gia hai bn, t
i din nhau v song song vi nhau.  H hai tm kim
loi ni n trong Bi 3  chnh l mt t in phng.

i vi mt t in phng, khi tch in th in
tch  hai bn ca t in c  ln bng nhau.  ng
thi v hai bn t in gn nhau nn ni chung, cc
ng sc xut pht t bn ny s tn cng ti bn
kia.  Sau y, ta s ch ni n nhng t in c hai
tnh cht nh va ni i vi t in phng.

 ln ca in tch trn mi bn ca t in khi
tch in gi l in tch ca t in.

Hnh 7.1 K hiu t in trong s 
mch in.

Hnh 7.2 Tch in cho t in.
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2. in dung ca t in

a) nh ngha

Ni hai bn ca t in vi mt ngun in c
hiu in thU th t in s c in tch Q.

Thay i U th Q cng thay i.  Thc nghim

cho bit vi mt t in xc nh, thng s l

hng s.  Thng s c trng cho kh nng

tch in ca t in v c gi l in dung ca

t in, k hiu l C.

(7.1 )

Hai t in c np in bng cng mt ngun
in c hiu in thU th t in no c in dung
ln hn, in tch ca t in  s ln hn.  

Nu  bit U th t (7.1 )  ta suy ra :

Q = CU (7.2) 

Trong h SI,  n v in dung l fara,  k hiu 
l F.

T cng thc (7.1 )  nu cho Q = 1 C, U = 1  V th

C = 1  F.  Vy fara l in dung ca mt t in

m khi hiu in th gia hai bn l 1  V th in

tch ca t in l 1 C.

Cc t in dng trong thc t c in dung 
nh hn fara rt nhiu.  V vy ngi ta thng dng
cc c ca fara :  micrfara (F),  nanfara (nF),
picfara (pF).  1 F = 10 6 F, 1 nF = 109 F, 
1 pF = 1012 F.  

b) Cng thc tnh in dung ca t in phng

in dung ca mt t in ph thuc vo hnh
dng, kch thc ca hai bn,  vo khong cch gia
hai bn v vo cht in mi  gia hai bn.

in dung ca mt t in phng c tnh theo

cng thc sau :  

Q
C

U
=

Q

U

Q

U

C nhiu trng hp khng phi

ch cn vit biu thc in tch ca

t in m cn vit biu thc in

tch trn mt bn no .  Mun vy

ta s gi hai bn l 1 ,  2 ;  in tch

trn bn 1  chng hn k hiu l Q1 .

Khi ,  i vi Q1 ,  ta vit nh sau :

Q1 = CU12

T  suy ra :

Q2 = CU21 = CU12 = Q1

Nu Q1 > 0 th suy ra U12 > 0.

Ngc li,  nu bit U12 > 0 th suy

ra Q1 > 0.

Mt bn ni  :  t (7.1 )  c th
ni  in  dung  ca t  in  ph
thuc in  tch  ca t  in  v
hiu  in  th gia hai  bn t
in.  Cu ni   ng hay sai  ?

Mt bn ni  :  t (4.5)  v
(7.1 )  c th rt ra kt lun rng,
cng  in  trng trong t
in  phng t l vi  in  tch  ca
t  in.  Cu  ni   ng
hay sai ?

Hnh 7.3Mt s t in thng dng.

Hnh 7.3  cho thy trong thc t,
t in c nhiu loi khc nhau v
kch thc, v hnh dng.  c bit
cc t in cn c s khc nhau v
cht in mi trong t in.

C2

C1
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(7.3)

trong  S l phn din tch i din ca hai bn,
d l khong cch gia hai bn v  l hng s in
mi ca cht in mi chim y gia hai bn.

T cng thc (7.3)  ta thy, mun tng in dung

ca t in phng th phng php kh thi hn c l

gim d.  Tuy nhin ta khng th gim d mt cch v

hn c.  Bi v t cng thc (4.5) ta thy khi U

khng i m gim d th in trng trong t in

tng.  in trng tng vt qu mt gi tr gii hn

no  s lm cho in mi mt tnh cht cch in.

Ngi ta ni in mi b nh thng.  i vi cc

cht in mi khc nhau, in trng gii hn cng

khc nhau.  Vi khng kh  iu kin bnh thng,

th in trng gii hn l 3.106 V/m.  V th m vi

mi t in c mt hiu in th gii hn. Hiu in

th gii hn ny thng c ghi ngay trn t in.

Khi s dng, khng c mc t in vo hiu in

th ln hn hiu in th gii hn .

3. Ghp t in

Trong thc t,  mun c t in vi in dung
thch hp hay mun c hiu in th cn thit,
ngi ta phi ghp cc t in thnh b t in.

Trong bi ny ta ch ni v hai cch ghp c
bn :  ghp song song v ghp ni tip.

a) Ghp song song

Hai t in c ghp vi nhau nh  Hnh 7.5
gi l ghp song song.  Trong cch ghp ny,  cc t
in trong b u c mc vo cng hiu in th.

Gi in dung ca hai t in  l C1 , C2 th
in tch ca cc t in  l :

Q1 = C1U,  Q2 = C2U

99.10 .4

S
C

d





=

T in giy l t in dng lp
giy lm in mi cn hai bn l hai
l thic hay nhm.  T in mica
dng mica lm cht in mi.  T
in mica c hiu in th gii hn
cao, ti hng nghn vn.  T in ho
hc l loi t in m cht in mi
gia hai bn l mt lp nhm xit
rt mng c to nn bng phng
php in phn.  V lp in mi
mng nn t in ho hc c in
dung kh ln.  Tuy nhin t in ho
hc c nhc im l ch mc c
theo mt chiu nht nh ;  nu v 
mc nhm, t in s b hng.

Hnh 7.4 T in xoay.

T in xoay l t in c in
dung bin i.  N gm hai h tm
kim loi t cch in vi nhau ;
mt h c nh, h kia c th quay
xung quanh mt trc (Hnh 7.4).
Khi xoay nm t in,  ta lm cho
phn din tch i din ca cc bn
thay i,  do  in dung ca t
in thay i.  in dung ln nht
ca t in xoay thng khng vt
qu vi nghn picfara.

Hnh 7.5Hai t in ghp song song.
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Gi in tch ca b t in l Q th :

Q = Q1 + Q2 = (C1 + C2)U

Suy ra : = C
1
+ C

2
.

Thng s l in dung tng ng ca b

t in.  K hiu in dung tng ng l C th :

C = C1 + C2

T  suy ra in dung tng ng ca b gm

n t in ghp song song vi nhau l :

(7.4)

b) Ghp ni tip

Hai t in ghp vi nhau nh Hnh 7.6 gi l

ghp ni tip.  

Trong cch ghp ny,  bn th hai ca t in C1

c ni vi bn th nht ca t in C2.  Nu s t

in c ghp nhiu hn hai th bn th hai ca t

in C2 li ni vi bn th nht ca t in C3 ,. . .

cn bn th nht ca t in C1 c ni vi mt

cc v bn th hai ca t in cui cng c ni

vi cc kia ca ngun in.

Gi U l hiu in th ca b t in  th :  

U = U1 + U2

Gi in dung ca b t in l C th t cng
thc va vit ta suy ra :

Gi s rng trc khi ghp, cc t in khng

tch in.  Nu vy,  khi ghp ni tip th in tch

ca cc t in trong b bng nhau.  Ngi ta coi 

cng l in tch ca b t in :  

Q = Q1 = Q2 

1 2

1 2

Q QQ

C C C
= +

1 2 n. . .C C C C= + + +

Q

U

Q

U

So snh in  dung ca b
t  in  ghp song song vi  in
dung ca mi  t  in  trong  b.

Hnh 7.6 Hai t in ghp ni tip.

V sao khi  ghp ni  tip th
in  tch  ca cc t  in  bng
nhau ?

So snh in  dung  ca b
t  in  ghp ni  tip vi  in
dung ca mi  t  in  trong  b.

C5

C4

C3
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T  ta rt ra :  

i vi trng hp ghp s t in nhiu hn
hai,  ta c th vit :

(7.5)
1 2 n

1 1 1 1
.. .

C C C C
= + + +

1 2

1 1 1
C C C

= +

1 .  T  in  phng c cu to nh th no ?  

2.  Hy nu  nh  ngha in  dung ca t  in.

3.  in  dung ca t  in  ph  thuc nhng yu t no ? Nu  cng thc tnh  in  dung  ca t
in phng.

4.  H iu  in  th gii  hn  ca t  in  l g ?

5.   Hy v s  b t  in  gm ba t  in  ghp song song  v vit cng thc tnh  in  dung  ca b
t  in  .

6.   Hy v s  b t  in  gm ba t  in  ghp ni  tip v vit cng thc tnh  in  dung  ca b t
in  .

1 . Chn phng n  ng.

Bn t  in  nh nhau,  mi  t  in  c in  dung  C,  c ghp ni  tip vi  nhau.  in  dung ca b
t  in   bng :

A.  2  C. B. . C.  4  C.  D.  

2. Chn phng n  ng.

Bn t  in  nh nhau,  mi  t  in  c in  dung C,  c ghp song song  vi  nhau.  in  dung ca
b t  in   bng :

A.  2  C. B.  . C.  4  C. D. .

3.  Mt t  in c in dung 500 pF c mc vo hai  cc ca mt my pht in c hiu in th 220 V.
Tnh  in  tch  ca t  in.  

4.  Cho mt t  in  phng m hai  bn  c dng hnh  trn  bn knh  2  cm v t trong khng kh.  Hai
bn cch nhau  2 mm.  

a)  Tnh  in  dung ca t  in  .  

4
C

2
C

.
4
C

2
C

bi tp

cu hi
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b)  C th t mt hiu  in  th ln  nht l bao nhiu  vo hai  bn  ca t  in   ? Cho bit in
trng nh thng i  vi  khng kh l 3.1 06 V/m.  

5.  Mt t  in  phng c mc vo hai  cc ca mt ngun in  c hiu  in  th 50 V.  Ngt t  in
ra khi  ngun  ri  ko cho khong  cch  ca hai  bn  t  in  tng gp hai  ln.  Tnh  hiu  in  th ca
t  in  khi  .  

6. Hai  t  in c in dung C1 = 0,4 F, C2 = 0,6 F ghp song song vi  nhau.  Mc b t  in  vo
ngun in c hiu in th U < 60 V th mt trong hai  t  in  c in tch bng 3.1 0-5 C.  Tnh :

a)  Hiu  in  th U.  

b)  in  tch  ca t  in  kia.

7.  in  dung  ca ba t  in  ghp ni  tip vi  nhau  l C1 = 20 pF, C2 = 1 0 pF,  C3 = 30 pF.  Tnh  in
dung  ca b t  in  .

8. Cho ba t  in  c mc thnh b theo s  nh  Hnh  7.7.
Cho C1 = 3 F, C2 = C3 = 4 F.  Ni  hai  im M,  N vi  mt
ngun in  c hiu  in  th U = 1 0 V.  Hy tnh  :

a)  in  dung v in  tch  ca b t  in  .

b)  Hiu  in  th v in  tch  trn mi  t  in.

Hng dn : Gi C23 l in  dung tng ng ca hai  t  in
ghp ni  tip C2, C3.  Khi   c th coi  b t  in  gm hai  t
in  in  dung C1 v C23 ghp song  song vi  nhau.

Chai  Ly-en l t  in  c nht.  Hai  bn ca n l hai  l

thic dn st vo thnh  chai  thu tinh,  mt l dn vo thnh

trong,  l kia dn vo thnh ngoi. V vy c th coi   l loi

t  in  thu tinh.  Chai  Ly-en c kch  thc ln,  ng thi  khi

hiu in  th cao,  thu tinh  khng cn  l cht in  mi  tt.

Do ,  ngy nay trong  k thut,  ngi  ta khng dng chai  

Ly-en v ni  chung ngi  ta cng khng dng t  in  

thu tinh.  Hin  nay chai  Ly-en ch c dng  trong cc my

pht tnh  in  trong nh trng.

Em c bit ?

Hnh 7.7

Hnh 7.8 Chai Ly-en.
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Nng lng in trng
88
Ngoi tnh cht c bn  ni trong bi 3,  in trng cn mt tnh cht c bn na l n c

nng lng.

1 . Nng lng ca t in

a) Nhn xt

Trong b n ca my nh c mt t in.  T in ny c
tch in nh b pin nh v b i in.  Khi bm my  chp
nh trong bng ti,  ta thy n lo sng.  Nng lng lm cho
n lo sng l do t in cung cp.  iu  chng t t in
tch in th c nng lng.  Ta gi  l nng lng ca t in.

b) Cng thc tnh nng lng ca t in

Gi s,  in tch c a dn t xa n cc bn t in,  khi
, ta cn thc hin cng.  Theo nh lut bo ton nng lng,
cng ny bng nng lng ca t in.  V vy,   tnh nng
lng ca t in,  ta tnh cng cn thc hin  a in tch
n cc bn.  u tin in tch ca t in bng khng, hiu
in th ca t in cng bng khng.  Nng lng ca t in
lc  bng khng.  Sau ,  in tch ca t in tng dn, hiu
in th cng tng v lun lun t l vi in tch.  Cui cng,
in tch ca t in bng Q,  hiu in th ca t in bng U.
Gi tr trung bnh ca hiu in th ca t in trong qu trnh 

tch in l .  Do  cng m ngun in  thc hin l :

A = Q

Vy nng lng ca t in l :

(8.1 )

S dng cng thc (7.1 )  cn c th vit W di dng sau :

(8.2)= =

2 2

2 2

CU Q
W

C

2

QU
W =

2

U

2

U
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2. Nng lng in trng

Khi t in tch in,  th trong t in c in trng.  V vy,
nng lng ca t in chnh l nng lng ca in trng
trong t in.  

S dng cc cng thc (7.3)  v (4.5)   rt ra cc biu thc
ca C v U.  Sau ,  thay cc biu thc ca C v U va rt ra

vo biu thc . Ngoi ra, gi V l th tch khong khng gian

gia hai bn t in phng th V = Sd.  Cui cng ta c cng
thc tnh nng lng in trng trong t in phng :

(8.3)

V in trng trong t in phng l in trng u,  nn t
(8.3)  c th suy ra cng thc xc nh nng lng in trng
trong mt n v th tch,  gi l mt  nng lng in trng :  

(8.4)

Cng thc (8.4)  c  ngha tng qut,  n ng c cho trng
hp in trng khng u v in trng ph thuc thi gian.

2

99.10 .8

E
w





=

2

99.10 .8

E
W V





=

2

2
CU

Hy rt ra cng

thc (8.3).

C1

1 .  Hy vit cc cng  thc xc nh  nng lng ca t  in.

2. Hy vit cng  thc xc nh  nng  lng in  trng trong  t  in  phng v rt ra cng thc xc
nh  mt  nng lng  in  trng.

1 . Chn  phng n  ng.  

Sau  khi  ngt t  in  phng khi  ngun  in,  ta tnh  tin  hai  bn   khong cch gia chng  gim
i  hai  ln,  khi  ,  nng  lng in  trng trong t  in  :

bi tp

cu hi
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A.  Tng ln  hai  ln.  B.  Tng  ln  bn  ln.

C.  Gim i  hai  ln. D.  Gim i  bn  ln.

2. Mt t  in  c in  dung  C = 6 F c mc vo ngun in  c hiu  in  th U = 1 00 V.  Sau  khi
t  in  c ngt khi  ngun,  in  tch  ca t  in  phng qua lp in  mi  trong t  in  n khi
t  in  mt hon ton in  tch.  Tnh  nhit lng to ra  in  mi  trong  thi  gian   phng  in  .

3. Mt t  in  c in  dung C = 5 F c tch  in,  in  tch  ca t  in  Q = 1 0-3 C.  Ni  t  in  
vo b acquy c hiu  in  th khng i  U  =  80 V ;  bn  tch  in  dng ni  vi  cc dng,  bn
tch  in  m ni  vi  cc m ca b acquy.  Hi  khi   nng  lng ca b acquy tng ln  hay gim
i  ? Tng  hay gim bao nhiu  ?

4. Mt t  in  khng kh phng  mc vo ngun in  c hiu  in  thU = 200 V.  Hai  bn  t  in  cch
nhau  d = 4 mm.  Hy tnh  mt  nng lng  in  trng trong t  in.

Nng lng v cng sut phng in ca t in 

Thng thng,  nng lng in  trng tch  tr trong t  in  l khng ln.  Tuy nhin,  nu

lm cho t  in  gii  phng nng lng trong mt khong thi  gian  rt ngn th cng sut

cng ng k.  Chng hn trong vic chp nh  cc nhanh,  thi  gian  phng in  ca t  in

trong b n  vo khong n thm ch c th cn ngn  hn na.  Trong

khong thi  gian  rt ngn ,  n chiu  pht sng rt mnh.

Trong y t,  ngi  ta cng dng cch phng in  ca t  in  qua tim  lm ngng 

mt cch nhanh chng nhng cn lon nhp tim ca ngi  b  bnh au  tim.  t hai  in  cc

trn  ngc ngi  bnh   ch gn tim.  Hai  bn ca t  in  c hiu  in  th vo khong 

mt nghn  vn c ni  vi  hai  in  cc .  Thi  gian  phng in  vo khong vi  phn

nghn giy.  

Trong nhng trng hp trn,  cng  sut phng in  tc thi  ca t  in  c th c gi tr

vo khong hng chc ki lot n hng trm ki lot.

1
s,

1 000 000
1

s
200

Em c bit ?



41

Bi tp v t in99
1 . Hai bn ca mt t in phng l cc hnh trn,  t in c

tch in sao cho in trng trong t in bng

Khi  in tch ca t in l q = 100 nC.  Hy tnh bn knh
ca cc bn.  Cho bit bn trong t in l khng kh.

Bi gii

Hiu in th gia hai bn t in U = Ed.

in dung ca t in .

p dng cng thc tnh in dung ca t in phng ta
vit c :  

C =

Mt khc S = R2,  do  ta c :

Thay s ta c  0,11  m = 11  cm.

2. C hai t in,  t in th nht in dung C1 = 3 F, tch in
n hiu in th U1 = 300 V, t in th hai in dung C2 = 2 F,
tch in n hiu in th U2 = 200 V.

a) Xc nh hiu in th gia cc bn ca t in khi ni hai
bn mang in tch cng du ca hai t in  vi nhau.

b) Tnh nhit lng to ra sau khi ni cc bn.

Bi gii

a) Hai t in  c ghp song song nn in dung ca b
t in l C = C1 + C2. Gi q l in tch ca c b th :

1 2

q q
U

C C C
= =

+

2120.10R 
=

9
2 36.10
=

q
R

E

99.10 .4
=

S q

Edd

q q
C

U Ed
= =

V
.

m
53.10
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V ni hai bn cng tn vi nhau nn :

q = q1 + q2 = C1U1 + C2U2

Do  :
V

b) Trc khi ni cc bn ca hai t in  vi nhau, nng
lng tng cng ca hai t in  l :

J

Sau khi ni,  nng lng ca b t in l :

J

Nhit lng to ra l :

3. Mt b t in gm n = 10 t in c in dung ging nhau
ghp ni tip vi nhau.  B t in c ni vi hiu in th
U = 150 V.

a) Xc nh  bin thin nng lng ca b t in sau khi
c mt t in ca b b nh thng.  C nhn xt g v kt qu
tnh c ?

b) Khi t in ni trn b nh thng th nng lng ca b t
in b tiu hao do s phng in.  Tm nng lng tiu hao .

Cho bit in dung ca mi t in l C = 8  F.

Bi gii

a) Trc khi t in b nh thng, in dung ca b t in 

l v nng lng ca b t in bng :

t in b nh thng,  hai bn ca t in ni vi nhau.
Sau khi t in b nh thng,  in dung ca b t in

l v nng lng ca b t in bng :'
b 1
=



C
C

n

2
2

1 b
1

2 2
= =

CU
W C U

n

b =
C

C
n

=  =b 0,006 JQ W W

2
2 3

b 1 2
1
( ) 169.10

2 2

CU
W C C U 

= = + =

2 2 3
1 1 2 2

1 1
175.10

2 2


= + =W CU C U

1 1 2 2

1 2
260

C U C U
U

C C

+
= =

+
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 bin thin nng lng ca b t in l :

J

Nng lng ca b t in tng ln mc d c s tiu hao
nng lng do mt t in b nh thng.

b) Trc khi t in b nh thng, in tch ca b t in l :

Sau khi t in b nh thng th :

Sau khi t in b nh thng, in tch ca b t in tng ln :

Nng lng ca t in tng ln l do ngun in  thc
hin cng  a thm in tch n t in :

Gi nng lng tiu hao do s nh thng l Wth th t nh

lut bo ton nng lng ta c th vit :

A = W + Wth

T  rt ra :

W
th
= A  W = = 0,001  J

2

2 ( 1)

CU

n n 

2

( 1)
=  =



CU
A qU

n n

2 1 ( 1)
 =  =



CU
q q q

n n

= =


'
2 b 1

CU
q C U

n

= =1 b
CU

q C U
n

2

2 1 0, 001
2 ( 1)

CU
W W W

n n
 =  = =



2
' 2

2 b
1

2 2( 1)
= =



CU
W C U

n
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Bi  c thm

My sao chp quang hc (photocopy)

B phn quan trng nht trong my sao chp quang hc l mt

mt tr m ngi ta gi l ci trng.  Trng lm bng nhm c ph

mt lp cht bn dn,  v d nh slen.  Nhm l cht dn in tt ;

cn slen th khi thiu nh sng n l cht cch in,  khi c chiu

sng n tr thnh dn in tt.  Mt trng  gn mt in cc m ta

gi l in cc trng (1 ).

Qu trnh my sao chp vn bn c th chia thnh my bc nh

sau (Hnh 9.1)  : 

Bc th nht : Tch in cho trng.  Khi trng quay,  mt ca n

lt qua in cc trng.  in cc trng l in cc dng,  v vy khi

quay qua in cc ny th mt trng nhim in dng.  

Bc th hai : Hin nh trn mt trng.  Gi s ti liu gc l s 3.

Nh h thng gng v thu knh (2),  nh ca s 3 c hin trn

mt trng.  Thnh ra trn mt trng c ch ti,  ch sng.   ch sng

th slen tr thnh dn in tt,  v vy cc lectron t nhm truyn

sang slen lm cho ch  tr thnh trung ho.  Cn ch ti,  tc l

nh ca s 3,  vn cn nhim in dng.  

Bc th ba : Phun mc in vo trng.  Mc in l loi bt mu en

 c nhim in m.  V vy,  khi cc ht mc ny (3)  n mt

trng,  chng s b ht vo ch nhim in dng  mt trng,  ngha

l ch c nh ca s 3.  

Bc th t l bc chuyn nt mc trn mt trng sang trang

giy trng.  Mun vy ngi ta cho trang giy chuyn ng qua mt

in cc th hai gi l in cc giy (4) .  in cc ny lm cho trang

giy cng nhim in dng.  Do  nt mc t mt trng by gi li

c chuyn sang trang giy.

Bc cui cng l trang giy  c nt mc di chuyn qua b

phn lm nng  cc ht mc chy ra kt dnh vo nhau v kt dnh

vo giy. Hnh 9.1
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m tt chng I

TT
1 . nh lut Cu-lng

 ln  ca lc tng tc gia hai  in  tch  im trong chn khng :

trong  k = 9.1 09 .

Phng ca lc tng tc gia hai  in  tch  im l ng thng ni  hai  in  tch

im .  Hai  in  tch  cng du th y nhau,  hai  in  tch  khc du th ht nhau.

2.  in trng

 Xung quanh in  tch  tn  ti  in  trng.  in  trng c tnh  cht c bn l tc
dng lc in  ln  in  tch  t trong n.

 Cng  in trng l i  lng c trng cho in trng v mt tc dng lc :

 Cng  in  trng gy ra bi  in  tch  im Q ti  im cch n mt khong r

c xc nh  bng cng thc :

3.  Cng ca lc in v hiu  in th

 Cng ca lc in  tc dng ln  mt in  tch  khng ph  thuc vo dng ng i

ca in  tch  m ch ph  thuc vo v  tr ca im u v im cui  ca ng i

trong in  trng.  

 Cng thc nh  ngha hiu  in  th :  

UMN =

 Cng thc l in h gia cng  in trng v hiu in th trong in trng u :

M ',  N ' l hnh  chiu  ca M,  N ln  mt trc trng  vi  mt ng sc bt k.

U
E

M N
=

MN

' '

A

q
MN

=
2

Q
E k

r

=

F
E

q

2

2

.N m

C

=
1 2
2

q q
F k

r



46

4.  T  in

 Cng thc nh  ngha in  dung ca t  in  :

C =

 in dung ca t  in  phng :

C =

 l hng s in  mi.

 in dung ca n t  in  ghp song song :

C = C1 + C2 + . . .  + Cn

 in dung ca n t  in  ghp ni  tip :

= + + . . .  +

 Nng lng ca t  in  :

W = = =

 Mt  nng lng in  trng : 2

99.1 0 .8

E
w





=

2

2
Q

C

2

2
CU

2
QU

n

1
C2

1
C1

1
C

1
C




99.1 0 .4

S

d

Q

U
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CHNG II

Dng in
khng i

Chng ny trnh  by cc kin  thc v ngun in  (c
bit l ngun in  ho hc),  my thu  in  v cc
nh lut c bn v dng in  khng i  nh nh  lut
Jun   Len-x,  nh  lut m i  vi  ton mch,  i  vi
cc loi  mch in.

Acquy ln nht th gii c cng sut 10 MW  Chin-n
bang Ca-li-fo-ni-a (M).



Am-pe

(Andr - Marie Ampre 1775  1836,

nh vt l ngi Php)

Chiu quy c ca dng in l
chiu dch chuyn ca cc in tch
dng.  Nh vy, trong dy dn kim
loi,  chiu dng in ngc vi
chiu dch chuyn ca cc lectron
t do.

Nu cc tc dng ca dng
in m em  bit.  Nu  v d
minh ho cho mi  tc dng.

Ni  hai  u  bng n dy
tc vo hai  cc ca mt pin.

 Chiu  v cng  dng in
chy qua n c thay i  theo
thi  gian  khng ?

 Cho bit trong  4 s c mt
in lng 2 C chy qua tit d in
thng  ca dy tc n.  Tm
cng   dng  in  chy
qua n.

C2

C1

1 . Dng in. Cc tc dng ca dng in

 Dng in l dng cc in tch dch chuyn
c hng. V d,  dng in xut hin khi c s dch
chuyn c hng ca cc lectron t do trong kim
loi,  hoc s dch chuyn c hng ca ion dng
v ion m trong dung dch in phn.  lectron t
do, cc ion dng v m gy nn dng in c
gi l cc ht ti in.

 Tc dng c trng ca dng in l tc
dng t.

Tu theo mi trng m dng in cn c th c
tc dng nhit v tc dng ho hc.  Cc tc dng
ny dn ti tc dng sinh l v cc tc dng khc.

2. Cng  dng in. nh lut m
a) nh ngha

Cng  dng in c trng cho tc dng
mnh, yu ca dng in, c xc nh bng thng
s gia in lng q dch chuyn qua tit din thng
ca vt dn trong khong thi gian t v khong thi
gian  :

(10.1 )

Nu t = 1  s,  th I = q.  Nh vy,  cng  dng
in c xc nh bng in lng chuyn qua tit
din thng ca vt dn trong mt n v thi gian.
Ni chung, cng  dng in c th thay i theo
thi gian v cng thc trn ch cho ta bit gi tr
trung bnh ca cng  dng in trong khong
thi gian t.

Dng in c chiu v cng  khng thay i
theo thi gian gi l dng in khng i.  i vi
dng in khng i,  cng thc (10.1 )  tr thnh :

  
q

I
t


=
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dng in khng i
ngun in1010



(10.2)

trong  q l in lng dch chuyn qua tit din
thng ca vt dn trong khong thi gian t.

Trong h SI,  n v cng  dng in l ampe,
k hiu l A.

Ngi ta cng hay dng cc c ca ampe :

1  miliampe (mA) = 10-3  ampe (A)

1  micrampe (A) = 10-6 ampe (A)

b) nh lut m i vi on mch ch cha
in tr R

Cng  dng in chy qua on mch ch

cha in tr R t l thun vi hiu in th U t vo

hai u on mch v t l nghch vi in trR :

(10.3)

Cng thc (10.3) cn c vit di dng :

(10.4)

vi I l cng  dng in chy t u A n u
B ca on mch.  Tch IR c gi l  gim in
th trn in tr R.

Cng thc (10.3)  c th vit li di dng :

(10.5)

Cng thc ny gip ta xc nh in tr R ca
mt vt dn nu bit cng  dng in I i qua
vt dn, khi hiu in th  hai u vt dn l U.

Trong trng hp in tr R ca vt dn c cng
mt gi tr khi t vo n nhng gi tr hiu in 
th U khc nhau, ta ni l vt dn tun theo nh
lut m.

c)  c tuyn vn - ampe

ng biu din s ph thuc ca cng 
dng in I chy qua vt dn vo hiu in th U
t vo vt c gi l ng c trng vn-ampe
hay c tuyn vn-ampe ca vt dn.

U
R

I
=

A B=  =U V V IR

=
U

I
R

=
q

I
t

Trong thc t,  c khi ngi ta
gi dng in khng i l dng
in mt chiu.  Nhng cn lu 
rng, c nhng dng in khng i
chiu nhng li c cng  thay
i, nh dng xung in mt chiu.

Bng 10.1

Mt s gi tr  cng  dng in
hay gp trong i  sng

Hy nu  quy tc dng
ampe k.

Hnh 10.1 on mch ch c in tr R.

Dng in  chy t u A c in
th VA cao,  n u  B c in  th
VB thp hn.  in  tr R ca vt dn
cn c gi  l in tr thun gi  tt
l in  tr,  n biu th  tc dng nhit
ca dng in.

Hy trnh  by cc cch xc
nh in  tr ca mt dy dn.

Hy vit cng  thc tnh  
in  tr ca mt on  dy dn
ng  tnh  c dng  h nh  tr  
tit din  S chiu  di  l,  lm bng
vt l iu  c in  tr sut  v ch
ra n v  ca cc i  lng trong
cng thc.

C5

C4

C3

I (A)

Bng n dy tc 0,1   5

Bn l 3,0   6

L si  in 5,0   1 5

ng c ca my
cng c

1 0

Xe la chy in  500

St 6 000   50 000
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Hnh 10.2 c tuyn vn-ampe ca
mt on dy dn  nhit 
khng i.

Vi vt dn khng tun theo
nh lut m, c tuyn vn-ampe
c dng ng cong, v in tr ph
thuc hiu in th U hoc cng 
dng in I (xem Chng III).

Hnh 10.3 Chuyn ng ca ht ti
in  bn trong v bn ngoi ngun

in ( l lc l bn trong ngun).

Trong cc loi ngun in khc
nhau, lc l c bn cht khc nhau.
Chng hn, trong pin, acquy th lc l
l lc ho hc ;  trong cc my pht
in, lc l l lc t tc dng ln cc
lectron chuyn ng trong t trng.

bn trong ngun in phi c
mt ngun nng lng no  cho
php n thc hin cng ln cc in
tch v buc chng chuyn ng
theo chiu  ni.  Cng ca lc l
thc hin khi  c gi l cng
ca ngun in.

i vi dy dn kim loi,   nhit  nht nh,
c tuyn vn-ampe l mt on thng (Hnh 10.2),
v R khng ph thuc hiu in thU.  Vy dy dn
kim loi  nhit  khng i l vt dn tun theo
nh lut m.

3. Ngun in
Ngun in l thit b  to ra v duy tr hiu

in th, nhm duy tr dng in trong mch.

a) Ngun in no cng c hai cc,  l cc dng
(+) v cc m ( ),  lun c nhim in dng, m
khc nhau ;  gia hai cc  c mt hiu in th
c duy tr.   to ra cc in cc nh vy,  trong
ngun in phi c lc thc hin cng  tch cc
lectron ra khi nguyn t trung ho,  ri chuyn cc
lectron hoc ion dng c to thnh nh th ra
khi mi cc.  Khi ,  mt cc s tha lectron
c gi l cc m,  cc cn li thiu lectron hoc
tha t lectron hn cc kia gi l cc dng ca
ngun in. V lc in tc dng gia lectron v
ion dng l lc ht tnh in,  nn  tch chng ra
xa nhau nh th,  bn trong ngun in cn phi c
nhng lc m bn cht khng phi l lc tnh in ;
ngi ta gi  l lc l.  

b) Khi ta ni hai cc ca ngun in bng mt
vt dn, to thnh mch kn,  th trong mch c dng
in.  Cc ht ti in dng t cc dng ca
ngun in (c in th cao) chy n cc m (c
in th thp) (Hnh 10.3a).  Nu vt dn lm bng
kim loi th ch c s dch chuyn ca cc lectron
t do t cc m, qua vt dn,  n cc dng
(Hnh 10.3b).  Bn trong ngun in,  di tc dng
ca lc l,  cc ht ti in dng li dch chuyn
ngc chiu in trng t cc m n cc dng.
Khi ,  lc l thc hin mt cng thng cng cn
ca trng tnh in bn trong ngun in.

4. Sut in ng ca ngun in
 c trng cho kh nng thc hin cng ca

ngun in ngi ta a vo i lng gi l sut
in ng ca ngun in,  thng k hiu l E.
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Sut in ng ca ngun in l i lng c trng cho
kh nng thc hin cng ca ngun in v o bng thng s
gia cng A ca lc l thc hin khi lm dch chuyn mt in
tch dng q bn trong ngun in t cc m n cc dng v
 ln ca in tch q .

(10.6)

n v ca sut in ng l vn, k hiu V.

Mi ngun in c mt sut in ng nht nh, khng i.
Ngoi sut in ng E,  ngun in l vt dn nn cn c in
tr,  gi l in tr trong ca ngun in.

S vn ghi trn pin,  acquy cho bit sut in ng ca n.
Sut in ng ca ngun in c gi tr bng hiu in th gia
hai cc ca n khi mch ngoi h.

=

A

q
E

1 .  Dng in  l g ?  Cng  dng  in  l g ?  Chiu  ca dng in  c xc nh  nh th no ?

2.  Dng in  c tc dng g ?  

3.  Ngun in  l g ?  Sut in  ng ca ngun  in  l g ?

1 .  Chn phng n  ng.

Bn  th  a,  b,  c,  d   Hnh  1 0.4 din  t s ph  thuc ca i  lng  trn  trc tung  theo i  lng

trn trc honh.  (Cc)  trng hp trong  vt dn  tun theo nh  lut m l :

A.  Hnh  1 0.4a.  B.  Hnh  1 0.4d. C.  Hnh  1 0.4c. D.  Hnh  1 0.4b.

bi tp

cu hi

Hnh 10.4

a) b) c) d)
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2.  Chn phng n  ng.

Sut in  ng  ca ngun  in  l i  lng  c trng  cho

A.  kh nng tch  in  cho hai  cc ca n.

B.  kh nng d tr in  tch  ca ngun in.

C.  kh nng  thc hin  cng ca ngun in.

D.  kh nng  tc dng lc ca ngun  in.

3.  Tnh  s lectron i  qua tit d in  thng  ca mt dy dn  kim loi  trong  1  giy nu c in  lng

1 5 culng d ch  chuyn qua tit d in   trong  30 giy.

Cng  dng in  gy ra hin  tng in  git  c gi tr  nh nht Ic ph thuc vo thi

gian  tc dng t.  Bng 1 0.2 l kt qu  thu  c khi  c in  git  xy ra trong cc iu

kin  c bit.  Nu vt qu cc gi tr  ny,  th s kin  in  git nguy him cht ngi l

c thc.

Bng 10.2

Ngoi  ra,  nhng ri  ro v in  git  ph  thuc khng ch vo gi tr  ca cng  dng

in chy qua,  m cn  vo ng i  ca dng in  qua c th.  Mt dng in  chy xuyn

qua cnh tay t u  ngn  tay ti  khuu tay c th gy au  nhi  v kh chu.  Nhng cng

dng in  y m chy t bn tay n sang  bn tay kia thng qua lng ngc,  th c th gy tai

nn in  git cht ngi.  L do l,  lc chy ngang qua lng ngc,  dng in  tc ng trc

tip ti  s hot ng ca cc c iu  khin  s th v c bit l ti  cc c tim.  Mt dng

in 20 mA c th gy kh th,  nu  tng ti  75 mA c th gy ngng th hon ton.  

Em c bit ?

t (s) 30 3 1 0,1

Ic (mA) 1 0 1 00 1 50 500
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Hy gii  thch  s xut hin
hiu  in  th in  ho trong
trng hp km nhng vo dung
dch  ZnSO4.

Hnh 11.2 S to thnh sut in
ng ca pin Vn-ta.

C1

1 . Hiu in th in ho 

Th nghim chng t rng, nu mt thanh kim
loi tip xc vi mt cht in phn (dung dch
mui,  axit,  baz),  th do tc dng ho hc,  trn mt
thanh kim loi v  dung dch in phn xut hin
hai loi in tch tri du nhau.  Khi ,  gia thanh
kim loi v dung dch in phn c mt hiu in
th xc nh, gi l hiu in th in ho.  Hiu
in th in ho c  ln v du ph thuc vo
bn cht kim loi,  bn cht v nng  dung dch
in phn.

Khi ta nhng hai thanh kim loi khc loi nhau
vo dung dch in phn, th do hiu in th in
ho gia mi thanh v dung dch in phn l khc
nhau, nn gia hai thanh  c mt hiu in th
xc nh.  Da trn c s ,  ngi ta ch to cc
loi pin in ho (gi chung l ngun in ho hc
c k hiu nh trn Hnh 11 .1 .).  y lc ho
hc ng vai tr lc l.

2. Pin Vn-ta

a) Ngun in ho hc c ch to u tin,
sinh ra dng in duy tr kh lu l pin Vn-ta
(nm 1795).

Pin Vn-ta gm mt cc bng km (Zn) v mt
cc bng ng (Cu) nhng trong dung dch axit
sunfuric (H2SO4)  long (Hnh 11 .2).

b) Sut in ng ca pin Vn-ta c to thnh nh sau.

Do tc dng ho hc,  cc ion km t thanh km i

vo dung dch axit sunfuric lm cho lp dung dch tip gip

vi thanh km tch in dng.  Thanh km tha lectron nn

tch in m (Hnh 11 .2).  V th gia thanh km v dung dch

+2Zn

Pin v ACQUY1111
Hnh 11.1 K hiu ngun in ho
hc.  Vch di l cc dng,  vch
ngn l cc m.
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 Khi  cc ion  c trong  dung
dch  ti  bm vo cc ng,  chng
to thnh lp bt kh hir (H)  bao
bc xung quanh cc ng,  ngn cn

cc ion  tip theo bm vo cc.
Do ,  lp bt kh ny c tc dng
nh mt lp in  tr,  lm cho in
tr trong ca pin  tng ln  ng k.
Hin  tng ny c gi  l s phn
cc ca pin.   kh hir bao quanh
cc ng (kh cc),  ta c th bao
quanh cc ny bng mt cht xi
ho mnh.

 Mt loi pin in ho rt thng
dng l pin L-clan-s c cc m l
km, cc dng l mt thanh than bao
bc xung quanh bng mt hn hp 
nn cht, gm mangan ixit (MnO2)
v graphit,  kh cc v tng  dn
in.  Dung dch in phn l dung
dch amni clorua (NH4Cl).  Sut in
ng ca pin ny khong 1 ,5 V.

 tin dng, ngi ta ch to
pin L-clan-s di dng pin kh.
Khi , dung dch NH4Cl c trn
vi mt loi h c ri ng vo
trong mt v pin bng km, v pin
ny l cc m (Hnh 11 .3).  

Hnh 11.3 Pin kh L-clan-s.

Mangan ixit l mt cht xi  ho
mnh dng lm cht kh cc,  n c
tc dng chuyn kh hir thot ra 
cc (khi  pin hot ng) thnh nc.
Nu khng,  kh hir bm vo cc s
lm gim hiu in th gia hai  cc.

H
+

H+ c mt in trng hng t dung dch n thanh km.  in

trng ny ngn cn s dch chuyn tip theo ca cc ion

t thanh km vo dung dch,  ng thi tng cng s

dch chuyn ngc li ca cc ion t dung dch vo

thanh km.  S cn bng in ho c thit lp khi s ion i

ra khi thanh km v s ion i vo thanh km bng nhau.  Th

nghim chng t khi  gia thanh km v dung dch c hiu

in th in ho khong =  0,74 V.

Cn  pha thanh ng th cc ion c trong dung dch

ti bm vo cc ng v thu ly cc lectron c trong thanh

ng.  Do ,  thanh ng mt bt lectron nn c tch in

dng (Hnh 11 .2).  Khi cn bng in ho c thit lp,  gia

thanh ng v dung dch c hiu in th in ho khong

= 0,34 V.

Kt qu l gia hai cc ca pin Vn-ta c hiu in th xc

nh vo khong :

E= U2  U1  1 ,1  V

 chnh l sut in ng ca pin Vn-ta.

3. Acquy

a) Acquy n gin l acquy ch, cn gi l acquy

axit,  gm bn cc dng bng ch ixit (PbO2)  v

bn cc m bng ch (Pb) ;  c hai bn c nhng

trong dung dch axit sunfuric (H2SO4)  long.  Do tc

dng vi dung dch axit sunfuric,  hai bn cc ca

acquy c tch in khc nhau v hot ng ging

nh mt pin in ho.  Sut in ng ca acquy ch

khong 2 V.

Khi cho acquy pht in,  do tc dng ho hc,

cc bn cc ca acquy b bin i.  Sau mt thi

gian, hai bn cc tr thnh ging nhau (u c mt

lp ch sunfat (PbSO4)  ph  bn ngoi)  v khi 

dng in s tt (Hnh 11 .4).  Mun cho acquy li c

th pht in c, ta np in cho n  cho lp

ch sunfat  hai bn cc mt dn v cui cng hai

cc tr li thnh Pb v PbO2.

2U

+H

1U

+2Zn

+2Zn
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Hnh 11.4 Acquy ch ang pht in.

V mt s dng, ngi ta cn
quan tm n in nng tng cng
m acquy tch lu c, tnh ra ot
gi (W.h),  hoc W.h/kg.

T nm 1990 ngi ta  ch
to c acquy liti - ion (dung dch
in phn l mui liti) tch lu c
nng lng ti 150 W.h/kg, ln gp
hai ln so vi acquy kim.  Nm 1999
li ch to c acquy liti - plime,
c cht in phn l mt mng
mng plime xp dn gia hai in
cc ;  nh ,  acquy c th ch to
di dng mt tm mng, mm do,
c th t sau mn hnh my tnh,
thng xe  t.. .

b) Nh vy acquy l mt ngun in c th np

li  s dng nhiu ln da trn phn ng ho hc

thun nghch :  n tch tr nng lng di dng ho

nng (lc np in),   ri gii phng nng lng

y di dng in nng (lc pht in).

c) Sut in ng ca acquy ch thng c gi tr

n nh khong 2 V.  Khi sut in ng gim xung

n 1 ,85  V th ta phi np in li cho acquy.  Mi

acquy c mt dung lng xc nh.  Dung lng ca

acquy l in lng ln nht m acquy c th cung

cp c khi n pht in.  Dung lng ca acquy

c o bng ampe gi (k hiu A.h).  Ampe gi l

in lng do dng in c cng  1 A ti i

trong mt gi :  1  A.h = 3  600 C.

d) Ngoi acquy ch ni trn,  ngi ta cn dng acquy

kim,  c hiu sut nh hn acquy axit,  nhng li rt tin li v

nh v bn hn.

Acquy kim,  thng gm hai loi :  acquy st - niken v

acquy caimi - niken.  Trong acquy caimi - niken, cc dng

c lm bng niken hirxit Ni(OH)2,  cn cc m lm bng

caimi hirxit Cd(OH)2 ;  cc cc  nhng trong dung dch

kim KOH hoc NaOH.   

1 .  Nu  nguyn tc chung i  vi  qu trnh  to thnh  sut in  ng  ca cc ngun in.

2.  Hy trnh  by cu to v s to thnh  sut in  ng  ca pin  Vn-ta.

3.  Hy so snh  hot ng  ca pin  v acquy.

4.  T lm ly mt pin  bng cch  dng  thanh st,  mnh tn,  thanh ng cm vo mt qu chanh.

Nhn xt v hot ng  ca pin  .

cu hi
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1 .  Chn  pht biu  ng.

Trong ngun in  ho hc (pin,  acquy)  c s chuyn ho 

A.  t ni  nng thnh in  nng.

B.  t c nng thnh  in  nng.

C.  t ho nng  thnh in  nng.

D.  t quang  nng thnh  in  nng.  

2.  Chn pht biu  ng.

Pin  l ngun in  ho hc c cu to gm hai  in  cc nhng vo dung d ch  in  phn.  Hai  in

cc 

A.  mt cc l vt dn  in,  cc kia l vt cch in.

B.  u  l vt cch in.

C.  l hai  vt dn  cng cht.

D.  l hai  vt dn  khc cht.

Hnh   u  chng l nh  ca acquy ln  nht th gii,  c cng sut 1 0 MW  Chin-n

bang Ca-l i-fo-ni-a (M).  Acquy ny c dng   cung cp in  trong cc gi cao im v

n c np in  vo cc gi thp im.

Em c bit ?

bi tp
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Jun

(James Prescott Joule,

1 81 8  1 889,  nh vt l  ngi  Anh)

LEN-X

(Henrich  Friedric Emil  Lenz,

1 804  1 865,  nh vt l  ngi  Nga)

1 . Cng v cng sut ca dng in chy
qua mt on mch

a) Cng ca dng in

Khi t mt hiu in th U vo hai u on
mch tiu th in nng, th cc in tch t do (ht
ti in) c trong on mch chu tc dng ca lc
in, chuyn di c hng, to thnh dng in
chy qua on mch.  Nu dng in c cng  I,
th sau mt thi gian t s c in lng q = It di
chuyn trong on mch v,  theo cng thc (4.2)
lc in thc hin mt cng l :

A = qU = UIt (12.1 )

Cng ny c gi l cng ca dng in.

Vy, cng ca dng in chy qua mt on
mch l cng ca lc in lm di chuyn cc
in tch t do trong on mch v bng tch ca
hiu in th gia hai u on mch vi cng
 dng in v thi gian dng in chy qua
on mch .

Cng ca dng in chy qua mt on mch
cng l in nng m on mch  tiu th.

b) Cng sut ca dng in

Cng sut ca dng in chy qua mt on
mch l i lng c trng cho tc  thc hin
cng ca dng in.  N c tr s bng cng ca
dng in thc hin trong mt n v thi gian :

(12.2)= =

A
UI

t
P

Bn trong ngun in, c mt dng nng lng no  (ho nng, c nng, ni nng...) c
chuyn ho thnh in nng.  bn ngoi ngun in (v c  bn trong ngun in),  in nng
ny li chuyn ho thnh nng lng tng ng thuc cc dng khc nh ni nng, ho nng,
c nng. 

in nng v cng sut in 
nh lut Jun  Len-x1212
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Cng sut ca dng in chy qua mt on

mch bng tch ca hiu in th gia hai u

on mch v cng  dng in chy qua

on mch .

Cng sut ca dng in chy qua mt on
mch cng l cng sut in tiu th ca on
mch .

c)  nh lut Jun Len-x

Trong trng hp on mch ch c in tr R
(on mch thun in tr),  cng ca lc in ch
c tc dng lm tng ni nng vt dn.  Kt qu l
vt dn nng ln v to nhit ra mi trng xung
quanh,  l tc dng nhit ca dng in.  Nh vy,
cng thc (12.2) cng biu th nhit lng Q lm
tng ni nng ca vt dn v to ra mi trng xung
quanh.  p dng nh lut m cho on mch c
in tr ta c th vit li cng thc (12.2) di cc
dng khc nhau :

A = Q = UIt = RI2t (12.3)

Kt qu ni trn  c hai nh bc hc Jun
(ngi Anh) v Len-x (ngi Nga) cng tm ra
bng thc nghim vo nm 1843  v c gi l nh
lut Jun Len-x, pht biu nh sau :

Nhit lng to ra trn mt vt dn t l thun

vi in tr ca vt,  vi bnh phng cng 

dng in v vi thi gian dng in chy qua vt.

Q = RI2t (12.4)

2. Cng v cng sut ca ngun in

a) Cng ca ngun in

Trong mt mch in kn, ngun in thc hin
cng, lm di chuyn cc in tch t do c trong mch,

Hnh 12.1 S  th nghim kim
chng nh lut Jun Len -x.

Bnh nhit lng k B ng nc.
Vt dn  c in  tr R c nhng
trong nc.

Nu nguyn tc ca th
nghim kim chng nh  lut
Jun Len-x.

Cng sut to nhit P vt dn
khi c dng in chy qua c trng
cho tc  to nhit ca vt dn ,
v c xc nh bng nhit lng
to ra  vt dn  trong mt n v
thi gian :  

P= RI2 (12.5)

C1
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to thnh dng in.  Cng ny bao gm cng ca
lc in v cng ca lc l.  Theo Bi 4,  ta c th suy
ra,  cng ca lc in khi in tch dch chuyn theo
mch kn bng khng. Do ,  theo cng thc (10.6)
cng ca ngun in l :

A = qE= EIt (12.6) 

Cng ca ngun in cng l cng ca dng
in chy trong ton mch.   cng l in nng
sn ra trong ton mch.

b) Cng sut ca ngun in

Cng sut ca ngun in c gi tr bng cng ca
ngun in thc hin trong mt n v thi gian :

(12.7)

Cng sut ca ngun in c tr s bng cng
sut ca dng in chy trong ton mch.   cng
l cng sut in sn ra trong ton mch.

3. Cng sut ca cc dng c tiu th in

Cc dng c (hay thit b)  tiu th in chuyn
ho in nng thnh cc dng nng lng khc nhau
(ni nng, ho nng, c nng...).

C hai loi dng c tiu th in l dng c to

nhit v my thu in.  My thu in l dng c m
phn ln in nng c chuyn ho thnh nng
lng khc,  khng phi l nhit.

a) Cng sut ca dng c to nhit

Trong dng c to nhit (bp in,  bn l. . .),
ton b in nng cung cp cho dng c c
chuyn ho thnh nhit.  Cc dng c loi ny ch
cha in tr.

in nng tiu th ca dng c to nhit c
tnh theo cng thc :

(12.8)= = =

2
2 U

A UIt RI t t
R

= =

A
I

t
P E

Bng 12.1

Cng sut ca mt s ngun in

Ngun in P(W)

Nh my thu in Ho Bnh 1 ,92.1 09

B acquy  t khi  khi  ng 1 03

Thit b  np acquy 1 02

Pin 1 0

Pin  ca ng h in  t 1 0-3
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Bng 12.2

Gi tr  cng sut ca mt s
dng c tiu  th in

Hnh 12.2 Mt s thit b in
to nhit.

Hy k tn  mt s thit b
trn  Hnh  1 2.2 v cho bit chng
c tc dng g ?

C2

Cng sut ca dng c to nhit c tnh theo

cng thc :

(12.9)

b) Sut phn in ca my thu in

Trong my thu in,  ch c mt phn Q'  ca in

nng A cung cp cho my chuyn ho thnh nhit 

in tr rp ca my :

Q'  = rp I2t (12.10)

Phn in nng cn li A' c chuyn ho thnh

cc dng nng lng c ch khc.  V d qut in,

ng c in.. .  chuyn ho in nng thnh c

nng ;  acquy ang c np in,  bnh in phn

khng c hin tng dng cc tan (xem Bi 19)

chuyn ho in nng thnh ho nng.  Th nghim

chng t rng, phn in nng A' ny t l vi in

lng q chuyn qua my thu in :

A '  = Ep q (12.11 )

trong  h s t l Ep l i lng c trng cho

my thu in,  c gi l sut phn in ca my

thu in. T (12.11 )  ta rt ra cng thc :

(12.12)

Nu q = 1  C th Ep= A '.  Nh vy,  sut phn in
ca my thu in c xc nh bng in nng
m dng c chuyn ho thnh dng nng lng
khc, khng phi l nhit, khi c mt n v in
tch dng chuyn qua my.

Sut phn in c n v l vn, ging nh sut

in ng.  Trong trng hp my thu in l ngun

in ang c np in,  th sut phn in c tr s

=p
'A

q
E

= = = =

2
2A U

UI RI
t R

PDng c tiu  th
in

P(W)

u my xe la chy in 4.1 06 

Bnh un  nc 2 500 

My iu ho,  l si in 2 000 

L nng bnh 1  000 

My sy tc 1  200 

Bn l 5001 000

Qut thng gi,  my git 600 

Tivi,  t  lnh 821 20

n dy tc 75 

n pin 2 

it pht quang 1 01  

ng h in  t 1 03 
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Hy tm cng
thc l in  h  gia
hiu  in  th U t
vo my thu  in  v
sut phn  in Ep
ca my.  T  tm
iu  kin  v U 
my thu  in  hot
ng bnh  thng.

Hy chng
minh  cng  thc
(1 2.1 5).

C4

C3

bng sut in ng ca ngun lc pht in ;  dng in np i

vo cc dng ca my thu in.

c)  in nng v cng sut in tiu th ca my thu in 

Cng tng cng Am dng in thc hin  my thu in bng :

Ap = A '  + Q'  = Ep It + rp I2t = UIt (12.13)

vi U l hiu in th t vo my thu in.   cng l in

nng tiu th ca my thu in trong khong thi gian t.

Cng sut ca my thu in l :

(12.14)

trong  P ' = Ep I l cng sut c ch ca my thu in.

d) Hiu sut ca my thu in

Hiu sut ca my thu in l :

(12.15)

e)  Ch 

Trn cc dng c tiu th in,  ngi ta thng ghi hai ch s,   l cng

sut in P (cng sut nh mc) ca dng c,  v hiu in th U (hiu

in th nh mc) cn phi t vo dng c  n hot ng bnh thng.

Khi hiu in th t vo dng c c gi tr ng bng U,  th cng sut tiu

th ca dng c ng bng P v dng in chy qua dng c c cng 

,  gi l cng  dng in nh mc.

4. o cng sut in v in nng tiu th

Mun xc nh cng sut in tiu th  mt on mch, ngi ta dng

mt ampe k  o cng  dng in chy qua on mch v dng mt

vn k  o hiu in th hai u on mch (Hnh 12.3a).  T ,  tnh cng

sut ca dng in trn on mch theo cng thc (12.2).

Trong k thut,  ngi ta ch to ra dng c dng  o cng sut,  gi l

ot k.   lch ca kim ch th trn mt chia  cho ta bit cng sut tiu

th trong on mch.  

=





I
U

P

= 
p

1
r

H I
U

= = +p
2

p
A

I r I
t

P E
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1 .  Cng ca dng  in  l g ?

2.  Hy pht biu  nh  lut Jun   Len-x.

3.  Sut phn in  ca my thu  in  l g ?

4.  Cng mt dng  in  chy qua dy dn  v dy tc mt bng  n.  Ti  sao dy tc th nng n
sng trng m dy dn li  hu  nh khng  nng ln  ?

1 .  Chn phng n  ng.

Theo nh  lut Jun   Len-x,  nhit lng to ra trn  dy dn 

A.  t l vi  cng  dng in qua dy dn.

B.  t l vi  bnh  phng cng  dng in.

C.  t l nghch  vi  bnh  phng cng  dng  in.

D.  t l vi  bnh  phng in  tr ca dy dn.

bi tp

cu hi

 o cng ca dng in,  tc l in nng tiu th,  ngi

ta dng my m in nng hay cng t in (Hnh 12.3b).

in nng tiu th thng c tnh ra kilot gi (kW.h)

1kW.h = 3  600 000 J

Hnh 12.3 S  mch in o cng sut in (a)  v cng t in xoay chiu (b).

a) b)
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2. T hp cc n  v  o lng no di  y khng tng ng vi  n v  cng  sut trong h SI ?

A.  J /s. B.  A.  V. C.  A2.  .  D.  2/V.

3.  Hai  bng n  c cng  sut nh  mc ln  lt l 25 W v 1 00 W u  lm vic bnh  thng  hiu
in  th 1 1 0 V.  Hi  :

a)  Cng  dng in  qua bng n no ln  hn ?

b)  in  tr ca bng n  no ln  hn  ?

c)  C th mc ni  tip hai  bng n ny vo mng in  c hiu  in  th 220 V c khng  ?
n no s d hng  (chy)  ?

4. Hai  bng  n  c cc hiu  in  th nh  mc ln  lt l U1 = 1 1 0 V v U2 = 220 V.  Tm t s cc
in  tr ca chng nu cng sut nh  mc ca hai  bng  bng  nhau.

5.   bng n loi  1 20 V  60 W sng  bnh  thng  mng in  c hiu  in th l 220 V,  ngi  ta
mc ni  tip vi  n mt in  tr ph  R.  Tm in  tr ph  .

 Khi  hot ng,  dy in  tr ca bp in,  bn  l,  dy tc bng n c nhit  cao

(t 600oC  2 500oC).  nhit  ,  in  nng tiu  th  c chuyn ho,  to ra ngoi  di

dng nhit (bng i  lu,  dn  nhit v di  dng bc x).  i  vi  bng n 1 00 W th c mt

phn cng sut,  khong 30 W,   b  tiu  hao (do dn nhit  thu tinh,  do hin  tng i  lu

ca kh cha trong bng n).  Phn cng sut cn li,  70 W,  ch  yu  chuyn thnh bc x

hng ngoi,  ch c khong 5 W trong  c pht x di  dng nh sng nhn  thy.

Nh vy,  hiu  sut pht sng  ca loi  n ny ch khong 5%.

 i  vi  ng c in  mt chiu,  th sut phn  in  ph  thuc vo tc  quay (s vng

quay n  trong 1  pht),  v d  nh  trong Bng 1 2.3 (vi  mt ng c cng sut ln).

Bng 12.3

Hiu  sut ca ng c in  trong cc  chi  vo khong 1 0%,  cn vi  ng c k thut

c cht lng cao th vo khong 90%.

Em c bit ?

I (A) n (V)pE

6 2 340 429

1 2 1  580 421

1 8 1  300 41 7

24 1  1 50 402
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m

(Georg Simon Ohm,  1789  1854,
nh vt l ngi c)

Hnh 13.1. Thit lp nh lut m
i vi ton mch.

1 . nh lut m i vi ton mch

Mch in kn n gin nht gm mt ngun
in (pin,  acquy, hoc my pht in) v mt in
tr R,  l in tr tng ng ca mch ngoi bao
gm cc vt dn ni lin hai cc ca ngun in
(Hnh 13.1 ),  thng gi l in tr ngoi.  Ngun
in c sut in ng Ev in tr trong r.

nh lut m i vi ton mch nu ln mi lin
h gia sut in ng E,  cng  dng in chy
trong mch v in tr ton phn (R + r) ca ton
mch.  C th thit lp nh lut m i vi ton
mch nh vn dng nh lut Jun  Len-x v nh
lut bo ton nng lng.

Gi s dng in chy trong mch c cng  I
th trong khong thi gian t c in lng 
q = It chuyn qua mch.  Ngun in  thc hin
cng A,  theo cng thc (12.6),  bng :

A = qE= EIt (13.1 )

Cng trong khong thi gian t  nhit lng to
ra  in tr ngoi R v in tr trong r,  theo nh
lut Jun  Len-x l :

Q = RI2t + rI2t (13.2)

Theo nh lut bo ton nng lng, nng lng
tiu th trn ton mch phi bng nng lng do
ngun in cung cp ngha l Q = A.  T  ta c :

EIt = RI2t + rI2t

hay E= IR + Ir (13.3)

E= I(R + r)  (13.4)

Ngi ta gi tch s ca cng  dng in vi
in tr ca on mch l  gim in th trn

nh lut m i vi ton mch1313
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on mch.  Nh vy,  theo (13.3)  sut in ng ca ngun
in c gi tr bng tng cc  gim in th  mch
ngoi v mch trong.

T (13.4) ta rt ra :

(13.5)

Cng thc (13.5)  biu th nh lut m i vi ton mch,
pht biu nh sau :

Cng  dng in trong mch kn t l thun vi sut
in ng ca ngun in v t l nghch vi in tr ton
phn ca mch.

Nu gi U = IR l hiu in th mch ngoi th h thc
(13.3)  c vit li l :

U = E Ir (13.6)
Hiu in th mch ngoi cng l hiu in th UAB gia cc

dng v cc m ca ngun in.

T (13.6) ta thy :  nu in tr trong ca ngun rt nh,
khng ng k (r  0),  hoc nu mch h (I = 0),  th hiu in
th gia hai cc ca mt ngun in bng sut in ng ca
ngun in .

2. Hin tng on mch

Nu in tr mch ngoi nh khng ng k R  0, th
theo cng thc (13.5),  cng  dng in s ln nht v
ch ph thuc vo Ev r ca chnh ngun in :

(13.7)

Ta ni rng ngun in b on mch.

V in tr trong ca pin kh ln (khong vi m), nn khi
pin b on mch th dng in qua pin cng khng ln lm, tuy
nhin s mau ht in.  Nhng vi acquy ch th in tr trong
kh nh, vo khong vi phn trm m, nn khi on mch th
cng  dng in qua acquy s rt ln, lm hng acquy.

 trnh hin tng on mch xy ra i vi mng in 
gia nh, ngi ta dng cu ch hoc atmat.

3. Trng hp mch ngoi c my thu in
Gi s trong mch kn ni trn c thm my 

thu in (acquy cn np in chng hn) mc ni tip vi
in tr R (Hnh 13.2).  My thu in c sut phn in Ep v

=I
r
E

=
+

I
R r
E

Xt mch in  kn
gm ngun  in  c
sut in ng E= 2 V,
in tr trong r = 0,1  
mc vi  in  tr ngoi
R = 1 00 .  Tm hiu
in th gia hai  cc
ca ngun in.

on mnh cn gi
l chp mch hay ngn
mch.

Hnh 13.2 Mch ngoi

c my thu in (Ep ,  rp) .

C1
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Ta c th chng minh cng thc
13.8 nh sau :

Tht vy,  nng lng tiu th
trn ton mch bao gm nhit lng
Q to ra  cc in tr R, r l :

Q = (R + r)I2 t

v in nng tiu th  my thu
in, theo cng thc (12.13),  bng :

Ap = Ep It +  rpI2t

Theo nh lut bo ton nng
lng, nng lng tiu th trn ton
mch phi bng nng lng
A = EIt do ngun in cung cp,
ngha l :

A = Q + Ap

hay   EIt = (R + r)I2t + EpIt + rpI2t 
T  rt ra (13.8).

Hy chng minh  cng thc :

Trong  trng  hp mch
ngoi  ch c in  tr R,  hy tm
cng thc ca hiu  sut H trong
 ch cha R v r.

C3

1=  I
r

H
E

C2

in tr rp.  Dng in I i vo cc dng ca my
thu in.  

Khi  ta c :  E Ep = I(R + r + rp)     (13.8)

hay (13.9)

Cng thc (13.9),  biu th nh lut m i vi
ton mch cha ngun v my thu in mc
ni tip.

4.  Hiu  sut ca ngun in

Cng ton phn ca ngun in bng tng cng
ca dng in sn ra  mch ngoi v  mch trong,
trong  ch c cng ca dng in sn ra  mch
ngoi l cng c ch.  Nh vy hiu sut ca ngun
in c tnh theo cng thc :

(13.10)= =
c chA U

H
A E


=

+ + p

p
I

R r r

EE

1 .  Chn phng n  ng.

Ngi  ta mc hai  cc ca mt ngun in  vi  mt bin

tr.  Thay i  in  tr ca bin  tr,  o hiu  in  th U gia

hai  cc ca ngun in  v cng  dng in I chy qua

mch,  ngi  ta v c  th  nh trn  Hnh  1 3.3.  T  tm

c gi tr  ca sut in  ng E v in  tr trong r ca

ngun  l :

A.  E= 4,5 V ;  r = 4,5 . B.  E= 4,5 V ; r = 0,25 .

C.  E = 4,5 V ;  r = 1  . D.  E = 9 V ;  r = 4,5 .  

bi tp

Hnh 13.3
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2. Chn cu  ng.

i  vi  mch  in  kn  gm ngun in  vi  mch  ngoi  l in  tr th h iu  in  th mch  ngoi

A.  t l thun vi  cng  dng  in  chy trong mch.

B.  t l nghch  vi  cng  dng  in  chy trong mch.

C.  tng  khi  cng  dng in  chy trong mch tng.

D.  gim khi  cng  dng in  chy trong mch tng.

3.  Mt ngun in  c in  tr trong 0,1   c mc vi  in  tr 4,8  thnh mch  kn.  Khi   hiu

in  th gia hai  cc ca ngun  in  l 1 2 V.  Tnh  sut in  ng ca ngun  v cng  dng

in  trong mch.

i  vi  pin  c sut in  ng 4,5 V,  ta

c  th  biu  din  s ph  thuc ca hiu

in th gia hai  cc ca pin  vo cng

 dng in  I nh trn  Hnh  1 3.4.

ng ko di  ca phn on thng  

ca  th  ct trc cng  dng in  ti

im c to  l tr  s ca cng 

dng in  on mch (Im) ca pin

(Im = 3 A).  S d mt phn  th  c

dng ng cong l v khi  cng  dng

in qua pin  qu ln,  in tr trong ca

pin  tng.

Em c bit ?

Hnh 13.4
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nh lut m i vi  cc loi mch in
Mc cc ngun in thnh b1414

Hnh 14.1 S  th nghim kho st
on mch cha ngun in.

Ban u  kho Km,  sau   K ng.
Dch chuyn con chy C ca bin tr
 tng dn cng  I,  ghi  cc cp
gi tr  (UAB,  I)  tng ng.

Bng 14.1
Kt qu th nghim

Hnh 14.2  th biu din s ph
thuc ca U vo I i vi pin 1,5 V.

T cc kt qu nu   Bng
1 4.1 ,  hy tnh  in  tr trong r ca
pin  1 ,5 V.

C1

1 . nh lut m i vi on mch c cha
ngun in 

a) Th nghim kho st 

Trn Hnh 14.1  l s  mch in kho st s

ph thuc ca hiu in th UAB ca on mch

AEB cha ngun in E,  vo cng  dng in I

chy trong on mch.

Dng ngun in l mt pin in ho ta thu c
cc kt qu cho trong Bng 14.1 .  Hnh 14.2 l  th
biu din s ph thuc ca UAB vo I.

b) Nhn xt

V  th l on thng c h s gc m, nn c
th vit :  

UAB = a  bI,  vi a = 1 ,5  V, ngha l ta c

a = E.  (Khi mch ngoi  h,  UAB c tr s ng

bng sut in ng E,  xem Bi 13).

H s b c cng n v o nh in tr,  nn ta c
th kt lun b chnh l in tr trong r ca ngun.  

c)  Kt lun 

T cc kt qu th nghim  Bng 14.1 ,  ta thu
c cng thc :

UAB = VA  VB = E rI (14.1 )

hay (14.2)

Cc cng thc (14.1 )  v (14.2) biu th nh lut
m i vi on mch cha ngun in. Cn ch
 rng,  y dng in chy qua ngun in t cc
m sang cc dng v VA > VB.

 +

= =
AB BAU U

I
r r

E E

I (A) 0,00 0,1 0 0,20 0,30 0,40 0,50

UAB 1 ,50 1 ,45 1 ,39 1 ,35 1 ,29 1 ,25
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Hnh 14.3 on mch cha ngun
in v in tr R.

Ta c th tm c cc h thc
(14.3) v (14.4) bng cch p dng
nh lut bo ton nng lng v nh
lut Jun  Len-x cho on mch c
cha ngun in v in tr R.

T cc cng thc (1 0.4)  v

(1 4.1 )  hy chng minh (1 4.3).

Hnh 14.4 on mch in cha
my thu in.

Hnh 14.5 on mch cha my thu
in v in tr R.

Hy chng minh  cng thc

(1 4.7).

C3

C2

Nu trn on mch AB cn c thm in tr R
(Hnh 14.3) th cc h thc (14.1) v (14.2) tr thnh :

UAB = VA  VB = E (r + R)I (14.3)

(14.4)  

2. nh lut m i vi on mch cha
my thu in

Xt on mch AB cha my thu in c sut
phn in Ep,  in tr trong rp (mt acquy ang np
in, hay mt ng c in chng hn, (Hnh 14.4)).
t vo hai u on mch mt hiu in th U,
trn mch c dng in I i vo cc (u) dng
ca my thu in.  Cng ca dng in sinh ra 
on mch trong thi gian t l A = UIt.  Mt khc,
theo (12.13),  in nng tiu th ca my thu in
trong thi gian t l :

Ap = Ep It + rpI2t

Theo nh lut bo ton nng lng, A = Ap,  
ta suy ra :

(14.5)

hay (14.6)

Cc cng thc (14.5) v (14.6) biu th nh lut
m i vi on mch cha my thu in. Cn
ch  rng,  y dng in i vo cc dng ca
my thu in.  

Nu trn on mch AB cn c thm in tr R
(Hnh 14.5),  th cc cng thc (14.5) v (14.6)
tr thnh :

(14.7)

hay : (14.8)


=

+p

pABU
I

r R

E

=  = + +pAB A B p( )U V V r R IE



=
pAB

p

U
I

r

E

= +pAB pU r IE



=

+

ABU
I

R r

E
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Hnh 14.6 Thit lp cng thc tng
qut ca nh lut m.

Nu cha bit chiu dng in
chy qua on mch th ta gi thit
chiu dng in chy t A n B
chng hn,  p dng cc cng thc
(14.3),  (14.7)  hoc (14.10) ca nh
lut m.  Nu cng  dng in
tm c c gi tr dng th chiu
dng in  gi thit l ng vi
chiu ca dng in chy qua on
mch ;  nu gi tr  l m th chiu
ca dng in chy qua on mch
ngc vi chiu  gi thit.

3. Cng thc tng qut ca nh lut m
i vi cc loi on mch

 Xt on mch AB c pin hoc acquy.  Gi I
l cng  dng in chy t A n B

(Hnh 14.6).  Ta nhn thy, nu dng in chy qua
pin (acquy) t cc m n cc dng (Hnh 14.6a),
th pin (acquy) ng vai tr ngun in.  Theo (14.3)
ta c :

UBA = VB  VA = E (R + r)I

hay VA  VB = (R + r)I  E     (14.9a)

 Nu dng in chy qua pin (acquy) t cc
dng n cc m (Hnh 14.6b),  th pin (acquy)
ng vai tr my thu in.  Theo (14.7)  ta c :

UAB = VA  VB =  (R + r)I + E       (14.9b)

(v  y Ep = E ).

 T hai cng thc (14.9a) v (14.9b),  ta suy ra
cng thc tng qut sau y ca nh lut m, p
dng cho cc loi mch in :

UAB = (R + r)I  E (14.10)

hay

vi quy c E l i lng i s :  E nhn gi tr
dng khi dng in I chy qua pin (acquy) t cc
m n cc dng, tc l khi pin (acquy) ng vai
tr ngun in,  v nhn gi tr m khi pin (acquy)
ng vai tr my thu in (dng in I chy qua pin
(acquy) t cc dng n cc m).

4. Mc cc ngun in thnh b

Ngi ta thng mc cc ngun in thnh b
theo hai cch :  mc ni tip v mc song song.

a) Mc ni tip

Cc ngun in E1 ,  E2,  . . . ,  En,  mc ni tip vi
nhau khi cc m ca ngun E1 ni vi cc dng
ca ngun E2,. . .   thnh mt dy lin tip nh

AB +

=

+

U
I

R r

E

ABU =
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Hnh 14.7Mc ni tip.

p dng nh  lut m,  hy

chng  minh  cc cng  thc

(1 4.11 )  v (1 4.1 2).

Hnh 14.8 Mc xung i.

p dng nh  lut m,  hy

chng minh cng thc (1 4.1 4).

Hnh 14.9 Mc song song.

C5

C4

s  Hnh 14.7.  u A l cc dng, cn u B l
cc m ca b ngun.  V khi mch h, hiu in th
gia hai cc ca ngun in bng sut in ng ca
n v v hai cc ni vi nhau c cng mt in th,
nn hiu in th gia hai cc ca b ngun khi mch
h, tc l sut in ng Eb ca b ngun, bng tng
cc sut in ng ca cc ngun trong b :

Eb = E1 + E2 + . . .  + En (14.11 )

in tr trong ca b ngun in mc ni tip
bng tng in tr trong ca cc ngun trong b :

(14.12)

Trong trng hp ring, nu cc ngun ging
nhau, cng c sut in ng Ev in tr trong r
mc ni tip,  th :  

Eb = nE v rb = nr (14.13)

b) Mc xung i

Khi c hai ngun in m cc m (hoc cc
dng) ca ngun ny ni vi cc m (hoc cc
dng) ca ngun kia th ta ni rng hai ngun 
 mc xung i (Hnh 14.8).  Vi E1 > E2 th 
Hnh 14.8a, A l cc dng cn B l cc m ca b
ngun.  Ngun E1 c sut in ng ln hn l
ngun pht (dng in i ra t cc dng ca n),
cn ngun E2 tr thnh my thu in.  Sut in
ng ca b ngun ny c tr s bng hiu s hai
sut in ng :

Eb = E1  E2 (14.14)

in tr trong ca b ngun l :

(14.15)

c)  Mc song song

Gi s c n ngun in ging nhau mc song
song, cc cc cng tn c ni vi nhau vo cng
mt im (Hnh 14.9), A l cc dng v B l cc
m ca b ngun.  Hiu in th gia hai cc ca b

= +b 1 2r r r

= + + +b 1 2 n. . .r r r r
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p dng nh  lut m hy

chng  minh  cc cng  thc

(1 4.1 6)  v (1 4.1 7).

Hnh 14.10 Mc hn hp i xng.

Hy chng minh cc cng

thc (1 4.1 8)  v (1 4.1 9).

C7

C6 ngun bng hiu in th gia hai cc mi ngun.
V vy,  khi  mch ngoi h,  hiu in th gia hai
cc ca b ngun bng sut in ng ca b
ngun v ch bng sut in ng ca mt ngun.

Cn in tr trong ca b ngun bng vi r l

in tr trong ca mt ngun.

Eb = E (14.16)

(14.17)

d) Mc hn hp i xng

Nu b ngun c cc ngun in ging nhau
c mc thnh n hng (dy),  mi hng c m ngun
mc ni tip (Hnh 14.10) (mc kiu hn hp i
xng) th sut in ng ca b ngun ch bng sut
in ng ca mt hng, ngha l :

Eb = mE (14.18)

in tr trong ca b ngun nh hn in tr
trong ca mt hng n ln :

(14.19)b
mr

r
n

=

=b
r

r
n

,
r

n

1 .  Hy thit lp nh  lut m i  vi  on mch cha ngun in  da vo nh  lut bo ton nng
lng v nh  lut Jun   Len-x.

2.  Hy vit cng thc tnh  cng  dng  in  trong mch kn  cha ngun  in  v mt in  tr ngoi
R cho tng  trng hp mc ngun thnh  b.

1 .  Chn phng n  ng.

Mt ngun in  vi  sut in  ng  E,  in  tr trong r,  mc vi  mt in  tr ngoi  R = r ;  cng 
dng in  trong  mch l I.  Nu  thay ngun  in   bng  ba ngun  in  ging  ht n mc song
song  th cng  dng  in  trong  mch

A.  vn  bng I. B.  bng  1 ,5 I.

C.  bng . D.  gim i  mt phn t.
3

I

bi tp

cu hi
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2. Chn phng n  ng.

Mt ngun  in  vi  sut in  ng E,  in  tr trong r,  mc vi  in  tr ngoi  R = r th cng 

dng in  trong mch l I.  Nu thay ngun  in  bng  ba ngun  in  ging ht n mc ni  tip,  th

cng  dng  in  trong mch 

A.  bng 3 I. B.  bng 2 I. C.  bng 1 ,5 I. D.  bng  2,5 I.

3.  Cho mch in  c s  nh Hnh  1 4.1 1 ,  trong  :  E1 = 8 V ;  r1 = 1 ,2 ;  E2 = 4 V ; r2 = 0,4 ;

R = 28,4 ;  h iu  in  th gia hai  u  on  mch o c l UAB = 6 V.

a)  Tnh  cng  dng  in  chy qua on

mch v cho bit chiu  ca n.

b)  Cho bit mch  in  ny cha ngun  in

no v cha my thu  no ?  V sao ?

c)  Tnh  hiu  in  th UAC v UCB.

4.  Hai  pin  c ghp vi  nhau  theo cc s  

Hnh  1 4.1 2.  Tm cng  dng in  trong

mch v hiu  in  th gia hai  im A,  B

trong cc trng hp :

a)  Hai  pin  ghp ni  tip (Hnh  1 4.1 2a)  c

sut in  ng  bng nhau  v bng  E,  cn

in  tr trong r1 v r2 khc nhau.

b)  Hai  pin  ghp xung i  (Hnh  1 4.1 2b)  c

sut in  ng v in tr trong tng ng  l

E1 ,  r1 v E2,  r2 (E1 > E2).

5.  Tm sut in  ng  v in  tr trong ca

ngun  in  gm 6  acquy mc nh

Hnh 1 4.1 3.  Cho bit mi  acquy c E= 2 V ;

r = 1  .

6. Cho mch in  nh Hnh  1 4.1 4.  Mi  pin  c

E= 1 ,5 V ;  r = 1  .  in  tr mch  ngoi

R = 3,5 .  Tm cng  dng  in   mch

ngoi.

Hnh 14.11

Hnh 14.12

Hnh 14.13

Hnh 14.14
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C knh  in  (Electrophorus)  pht ra dng in  bng cc bn in.   l cc ngun in

sinh hc.  B ngun in  ca c knh  in  Nam M (Hnh  1 4.1 5)  gm cc bn  in  (ngun)

c xp thnh 1 40 dy,  mi  dy cha 5 000 bn in  ghp ni  tip,  mi  bn  ny c sut

in ng 0,1 5 V,  v in  tr trong r = 0,25 .  Nh vy,  b ngun sinh  hc ca c c sut

in ng Eb = 750 V v in  tr trong rb = 8,93 .  Nu nc c in  tr R = 800 ,  th

dng in  m c phng qua nc t u  n ui  ca n bng 0,93 A.  Nh ,  c knh  in

c th git cht con c m n bt lm mi.  Th nhng,  dng in  chy qua cc b phn thn

th ca c in  li  ch bng 0,0066 A m thi  !  Em hy kim tra li  kt qu .

Em c bit ?

Hnh 14.15 C knh in Nam M.
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bi tp v nh  lut m 
v cng sut in1515

1 . Cho mch in nh Hnh 15.1 ,  trong  ngun
in c sut in ng E = 6,6 V,  in tr trong
r = 0,12  ;  bng n 1 thuc loi 6 V  3  W ;
bng n 2 thuc loi 2,5  V  1 ,25  W.

a) iu chnh R1 v R2 sao cho n  1 v n
2 sng bnh thng.  Tnh cc gi tr ca R1 v R2
khi .

b) Gi nguyn gi tr  ca R1 ,  iu chnh bin
tr R2 sao cho n c gi tr R '2 = 1  .  Khi  
sng ca cc bng n thay i th no so vi
trng hp a) ?  Gi thit in tr khng ph thuc
nhit .

Bi gii

Cng  dng in nh mc v in tr ca
cc bng n l :

A ;

A ;

a) V cc n sng bnh thng, ta c :

; V, suy ra

Hn na :

Suy ra :

Ngoi ra :

t  : = E Ir = 6,6  1 .0,12 = 6,48 V

6,48  6 = 0,48 V
1R AC AB CBU U U U= =  =

ABU

1 1 2R   1 AI I I I= = + =

2

2

R
2

R
7

U
R

I
= = 

2 2R  0, 5 AI I= =

2R CB 2 3, 5 VU U U=  =

2 2, 5U =CB 1 6 VU U= =

= = 
2

2
2


2

5
U

R
P

= =
2

2


2
0, 5I

U

P

= = 
1

2
1


1

12
U

R
P

= =
1

1


1
0, 5I

U

P

Hnh 15.1
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suy ra :

b)  Vi R '2 = 1   ta c :

Cng  dng in trong mch chnh l :

t  
Hiu in th trn n 1 by gi l :

V nn n 1 km sng hn trc.

Cng  dng in qua n 2 by gi l :

Nh vy :  n 2 by gi sng hn

trc nhiu v c th b chy.

2. Cho mch in c s  nh Hnh 15.2.  Cc
ngun in c sut in ng v in tr trong
tng ng l E1 ,  r1 ,  v E2,  r2 (E1 > E2).

a)  Tm cng thc ca UAB .

b)  Vi nhng gi tr no ca R th ngun E2 l
ngun pht in (I2 > 0),  khng pht khng thu
(I2 = 0),  v l my thu in (I2 < 0)  ?

Bi gii

a) p dng cng thc ca nh lut m cho ba
on mch :

(1 )

(2)
+

=
BA 2

2
2

U
I

r

E

+
=

BA 1
1

1

U
I

r

E

2

'
2 I I>

2

' CB
2 '

2 

0, 95 A
U

I
R R

= =

+

'
1 1U U<

'
1 CB 5, 74 VU U= =

CB CB 5, 74 VU IR= =

= =
+AB

1, 43 AI
R r

E

AB 1 CB 4, 48R R R= + = 

1 2

1 2

'
 2 

CB '
 2 

( )
4

R R R
R

R R R

+

= = 

+ +

1

1

R
1

R
0, 48

U
R

I
= = 

Hnh 15.2
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(3)

Ti nt A ta c : (4)

Rt ra : (5)

b) Nu E2 l ngun pht in, I2 > 0, t (2) rt ra :

(6)

v t (5)  v (6)  : .

Nu E2 khng pht cng khng thu,  I2 = 0 :

U
AB

= E2 ,   suy ra  .

Nu E2 l my thu in,  I
2
< 0,  U

AB
> E2 v

.

3. Cho mch in c s  nh  Hnh 15.3, cho bit
R1 = 400  ;  R2 = R3 = 600  ;  R4 l mt bin tr.
t vo  hai  u  mch in mt hiu  in th
UAB = 3,3 V.

1 .  Mc vo gia C, D mt ampe k c in tr rt
nh, khng ng k v iu chnh R4 = 1  400 .  Tm
s ch ampe k v chiu ca dng in qua ampe k.

2.  Thay ampe k bng mt vn k c in tr
rt ln.

a) Tm s ch vn k.  Cho bit cc dng ca
vn k phi mc vo im no.

b) iu chnh R4 cho n khi vn k ch s 0
(mch cu cn bng).  Tm h thc gia cc in tr
R1 ,  R2,  R3,  R4 v tnh R4 khi .  Khi ,  nu thay
vn k bng mt in tr R5 = 1  000  th cng 
dng in qua cc in tr v qua mch chnh thay
i th no ?

>


2
1

1 2

R r
E

E E

=


2
1

1 2

R r
E

E E

<


2
1

1 2

R r
E

E E

=  <AB 2 2 2 2U I rE E

+

=

+ +

1 2

1 2
AB

1 2

1 1 1

r r
U

R r r

E E

1 2I I I= +

ABU
I

R
=

Hnh 15.3
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Bi gii

1 .  Mch in c s  nh  Hnh 15.4.  V RA  0
nn c th chp cc im C,  D lm mt v cc in
tr mc theo s  :  (R1 // R2)  nt (R3 // R4).

Ta c

Chiu cc dng in qua cc in tr nh trn
Hnh 15.4.   tm dng in qua ampe k, ta tnh I1
v I3 (hoc I2 v I4).

Ta c UAC = U1 = U2 = IR12 = 1 ,2 V
UCB = U3 = U4 = IR34 = 2,1  V

t 

Ta thy I3 > I1 ,  do  ti nt C phi c I3 = I1 + IA
ngha l dng in chy qua ampe k theo chiu t D
n C nh trn Hnh 15.4 v s ch ampe k l :

IA = I3   I1 = 0,5  mA

2.  a)  V vn k c in tr rt ln nn I1 = I3,
I2 = I4 v cc in tr mc theo s  :  (R1 nt R3)  //
(R2 nt R4).

Ta c

T   :

2
AD 2 2 2 AB

2 4

R
U U I R U

R R
= = =

+

= = =
+
1

AC 1 1 1 AB
1 3

R
U U I R U

R R

AB
2 4

2 4

U
I I

R R
= =

+
AB

1 3
1 3

;
U

I I
R R

= =
+

= = =3
3

3

2,1
3,5 mA

600

U
I

R

= = =1
1

1

1, 2
3 mA

400

U
I

R

= =AB

AB
5 mA

U
I

R
= + = AB 12 34 660 ;R R R

= = 
+
3 4

34
3 4

420
R R

R
R R

= = 
+
1 2

12
1 2

240
R R

R
R R

Hnh 15.4

2 1
CD CA AD AD AC AB

2 4 1 3

R R
U U U U U U

R R R R

 
= + =  =  + + 
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Thay s ta c UCD =  0,33 V, ngha l VC < VD ;  vn k ch UV = 0,33  V v cc
dng vn k mc vo im D.

b)  Mun cho vn k ch s 0,  phi c :  

(1 )

Khi ,  nu thay vn k bng in tr R5 th cng  dng in qua cc in tr
v qua mch chnh khng thay i.

Mch gm 5  in tr mc nh Hnh 15.5
c gi l mch cu in tr.  Cng thc (1 )
biu th iu kin mch cu cn bng (khng c
dng in qua R5).  

T  = = = 2 3
4

1

600.600
900 

400

R R
R

R

1 3
CD 2 3 1 4

2 4
0, suy ra  hay 

R R
U R R R R

R R
= = =

2 3 1 4
CD AB

2 4 1 3

( )

( )( )

R R R R
U U

R R R R


=

+ +

Hnh 15.5

Bi  c thm

in tm 

in tm  ghi li cc xung in xut hin khi tim co bp.  Nm 1903,  nh mt in k
n gin,  nh sinh l hc ngi H Lan En-th-ven (William Einthoven) ln u tin  ghi
c dng in sinh ra bi s thay i in th ca cc si c tim.

1.  Nguyn tc ca phng php in tm 

a) Cc th nghim cho thy,  cc t bo ng vt c d in tch m bn trong mng t
bo v c d in tch dng  bn ngoi mng.  in p gia hai mt ca mng t bo thn
kinh hoc t bo c l 90 mV.  Khi t bo b kch thch hot ng,  c s dch chuyn ca cc
in tch qua mng t bo,  to ra mt xung in th hot ng.  Cc xung in th ny c
bit mnh  c tim v c th ghi li c.

Hnh 15.6 M hnh tim. Hnh 15.7 V tr t 6 in cc.
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b) Khi tim co bp,  hai nhm c tm nh v tm tht c vai tr nh cc cc ca ngun in
(Hnh 15.6).  Khi ,  chng to ra cc hiu in th (in p)  gia cc im bn ngoi tim.
Php in tm  nhm ghi li cc in p nh cc in cc c t ng v tr : ba in
cc t vo cc chi (cc c tay phi v tri,  chn tri)  ; su in cc c t vo lng ngc
ngang tm vi tim v  xung quanh vng tim (Hnh 15.7).

2.  Ghi in tm 

Cc cc ni trn c lin tip ni vo hai cc ca mt vn k cho php ghi li trn t
giy k li,  hoc quan st c trn mn hnh ca my ghi.  Hiu in th s to nn s dch
chuyn ca bt ghi trn mt t giy c ko i vi vn tc khng i,  hoc s dch chuyn
ca chm sng mn hnh.

Dng ca  th ghi c ni chung l ging nh  th trn Hnh 15.8,  bao gm :

 Xung P :  l mt in p dng nh hn 0,3 mV ko di trong khong 0,08 s n
0,12 s.  Xung ny m t s co bp ca cc tm nh (tm thu nh).

 Xung P-Q : Xung ny tu thuc vo tui tc v vo tn s tim ca mi ngi,  xung ny
ko di 0,12 s n 0,2 s v n m t s truyn dn tn hiu gia cc tm nh v tm tht.

 Xung Q-R-S : Thng thng,  xung ny gm hai phn m Q,  S v phn dng R.  Xung
ny ko di trong khong 0,06 s n 0,1  s v m t s co bp ca cc tm tht (tm
tht thu).

 Xung T : Xung ny bt u bng on i ln chm v kt thc bng mt s gim nhanh
vi bin  trong khong 0,3 mV n 1,5 mV tu theo in cc.  Xung ny tng ng vi s
ti phn cc (thay i cc)  ca tm tht,  chun b cho mt t co bp mi.  Hnh 15.9 l
in tm   ghi c.

Hnh 15.8 Dng xung in. Hnh 15.9 in tm  ca mt ngi cao tui.

3.  Li ch thc t

in tm  cho php ta kim tra tn s v s iu ho ca nhp tim,  tc  truyn tn

hiu in v s gia tng bnh l ca cc khoang tim khc nhau.  Ngi ta thu nhn c cc

du hiu rt nhy vi vim hng  lng ngc v chng nhi mu c tim.  Lm in tm 

thng xuyn l mt bin php theo di sc kho rt tt cho trng hp cn quan tm iu

tr bnh.  Ngi ta  ch to mt thit b xch tay cho php ghi in tm  thng xuyn

24/24 h.
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Thc hnh :
o sut in ng v in tr
trong ca ngun in1616

1 . Mc ch
 Lm c th nghim  xc nh sut in

ng v in tr trong ca mt pin.

 Cng c k nng s dng vn k,  ampe k ;  tnh
ton sai s v s dng  th ;  rn k nng hot ng
theo nhm trong thc hnh th nghim.  

 Hiu r hn v vai tr ca in tr trong v mi
lin h ca n vi mch ngoi trong thc t.  

2. C s l thuyt
 nh lut m i vi on mch v i vi

ton mch.

UAB = VA  VB = E rI

 Cu to v hot ng ca pin.

3. Phng n th nghim

a) Phng n 1

 Dng c th nghim
 Mt pin c (gn ht in,  loi 1 ,5  V).
 Mt pin mi cng loi.
 Mt bin tr.
 Mt vn k 3   6 V.

 Mt ampe k 0,5   3 A (hoc miliampe k nh
Hnh 16.1 ).

 Mt ngt in.  
 Bng in,  dy ni.  

Lu  :  C th s dng cc my o hin s (xem
Ph lc 1 ).

 Tin trnh th nghim

 Kim tra dng c.
 V s  mch in (Hnh 16.2).

Hnh 16.1 Miliampe k.

Hnh 16.2.  Mch in xc nh E,  r.
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 Lp rp mch in,  kim tra mch (ch  chn thang o
thch hp ca vn k v ampe k).

 u tin,  lm th nghim vi pin c.

+ iu chnh bin tr ti hai v tr bt k,  c cc cp s o
tng ng ca vn k v ampe k U1 ,  I1  v U2,  I2.

+ Lm ba ln nh trn.

 Lp li cch o vi mt pin mi,  ch  khng lm on
mch pin khi chnh bin tr.

 Ghi kt qu th nghim vo bng.

 Lp h hai phng trnh :

U1  = E I1r

U2 = E I2r

 Gii h phng trnh,  tnh gi tr trung bnh vi sai s ca
Ev r.  

b)  Phng n 2

Da trn  th U = f(I)  ca phng trnh nh lut m i
vi ton mch :

U = E rI

 Dng c th nghim

 Mt bin tr.

 Mt pin c (gn ht in,  loi 1 ,5 V).
 Mt vn k.

 Mt ampe k (hoc miliampe k).

 Mt ngt in K.

 Tin trnh th nghim

 Mc mch theo s  Hnh 16.3.
 M kho K,  t R  v tr c in tr ln nht.

 ng K,  ghi gi tr ca U,  I o c nh vn
k v ampe k.

 Dch chuyn R n cc v tr khc,  ghi cc cp
gi tr U,  I tng ng vi tng v tr.         

 Lp bng s liu,  v  th U = f( I)  theo cc

cp gi tr.
Hnh 16.3
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 T bng s liu, nh du cc im thc nghim

trn h trc to  (tham kho Hnh 16.4).

 V ng thng i gn nht cc im thc

nghim.  y chnh l  th ca phng trnh :

U = E rI

 Ko di  th cho ct trc tung U(V).  Giao
im chnh l tr s ca sut in ng E.

 Chn hai im trn  th,  xc nh cc gi tr
U,  I tng ng, ta s tnh c in tr trong

 C th c lng sai s theo  th.  

4. Bo co th nghim

a) Mc ch th nghim.

b) C s l thuyt.

c)  Tin trnh th nghim.

d) Kt qu th nghim :  Lp bng s liu (tham
kho Bng 16.1 ),  v  th.  Tm gi tr gn ng v
tnh sai s.

U
r

I


=



Hnh 16.4
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e) Nhn xt u,  nhc im ca php o.  Nu mt cch

o khc.

Bng 16.1

Ti  sao trong th nghim o sut in  ng v in  tr trong  ca pin,  ta nn  dng pin  c  (gn ht

in)  ? Nu  dng pin  mi  c c khng ?  

1 .  Hy chn mt trong  cc ampe k c gii  hn  o (GH) khc nhau  di  y  c s o gn  ng

nht trong th nghim o sut in  ng v in  tr trong ca mt pin  c  :

A.  GH l 1  A.  

B.  GH l 0,2 A.

C.  GH l 50 mA.

D.  GH l 3 A.

2.  Trong th nghim trn,  mt bn   ni  hai  cc ca bin  tr nh trn

Hnh 1 6.5 ri  mi  mc M,  N vo mch in.  Hi  dng  ca  th  thu  c

c thay i  khng ?  Ti  sao ?

bi tp

cu hi

Hnh 16.5

i lng U1 I1 U2 I2 E (V) r ( )

o ln 1

o ln 2

o ln 3



85

m tt chng II

TT
1 .  Dng in

 Dng in l dng dch chuyn c hng ca cc ht ti  in,  c chiu quy c l
chiu chuyn ng ca cc in tch dng.  Tc dng c trng ca dng in l tc
dng t.  Ngoi  ra dng in cn c th c cc tc dng nhit,  ho v mt s tc
dng khc.

 Cng  dng in l i  lng c trng nh lng cho tc dng ca dng in.  

i  vi  dng in  khng i  th .

2. Ngun in 

Ngun in  l thit b  c dng  to ra v duy tr  hiu  in  th,  nhm duy tr
dng in.  Sut in  ng ca ngun in  c xc nh  bng thng s gia
cng ca lc l lm dch  chuyn in  tch  dng q bn trong ngun in  v  ln
ca in  tch  q .

My thu in chuyn ho mt phn in nng tiu th thnh cc dng nng lng c
ch khc,  ngoi  nhit.  Khi  ngun in ang c np in,  n l my thu in vi  sut
phn in c tr  s bng sut in ng ca ngun in lc pht in.

3. nh lut m

 nh lut m i  vi  on mch ch cha in tr R :

hay

Tch IR gi  l  gim in th trn in tr R.  c trng vn  ampe ca in tr
thun c  th l on thng qua gc to .

 nh lut m i  vi  ton mch :

 nh lut m i  vi  on mch cha ngun in :

hay

(dng in chy t B n A,  qua ngun t cc m sang cc dng).



=I
E ABU

r
=  =  IEAB A B ,U V V r
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+

I
E
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q
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nh lut m i  vi  on mch cha my thu in :

hay

Dng in chy t A n B,  qua my thu in t cc dng n cc m.

4. Mc cc ngun in thnh b

Mc ni  tip :

Trng hp hai  ngun in mc xung i  :  Nu E1 > E2 th 

Eb = E1   E2

v dng in i  ra t cc dng ca E1 .

Mc song song :
v

5. in nng v cng sut in. nh lut Jun  Len-x

 Cng v cng sut ca dng in  on mch (in nng v cng sut in nhn
c  on mch)

A = UIt ;   P = UI

 nh lut Jun  Len-x :

 Cng v cng sut ca ngun in :

A = E It ;   P = E I

 Cng sut ca dng c tiu th in :

Vi  dng c to nhit :  P = UI =

Vi my thu in :

(P = Ep I l phn cng sut m my thu in chuyn ho thnh dng nng lng

c ch,  khng phi  l nhit).

 n v cng (in nng) v nhit lng l jun,  n v  ca cng sut l ot.

2
p pr= +I IP E

2
2
=I
U

R
R

2
= IQ R t

b =
r

r
nb =E E

b 1 2 n= + + +. . .r r r r

b 1 2 n= + + +E E E E. . .

AB p
AB

p

U

r



=I

E
AB A B AB p ,U V V r=  = +I Ep
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CHNG III

Dng in trong
cc mi trng

Chng ny trnh  by v dng  in  trong  cc mi
trng :  kim loi,  cht in  phn,  chn khng,  cht kh,
bn dn.  c bit l ch   n bn  cht dng in  trong
cc mi  trng,  hin  tng nhit in,  h in  tng siu
dn.  Ngoi  ra,  trong  chng cng  cp n mt s ng
dng ca dng  in  trong cc mi  trng.

St nh vo mt b phng con tu v tr.



Bng 17.1

in tr sut v h s nhit
in tr ca mt s kim loi  tiu biu

Lm th nghim kho st s
ph thuc ca in  tr dy tc
bng n 6,2 V  0,5 A vo hiu
in  th t vo bng n,  ta
c kt qu ghi   Bng 1 7.2 v
c tuyn  vn   ampe trn
Hnh 1 7.1 .  T ,  em c th rt
ra cc kt lun g ?

Bng 17.2
Kt qu th nghim vi bng n 6,2 V

Hnh 17.1 c tuyn vn-ampe ca
in tr dy tc bng n.  

U
(V) 0,6 1 ,0 2,0 3,0 4,0 5,0 6,0

I
(A) 0,1 2 0,1 5 0,1 9 0,23 0,26 0,29 0,31

C1

Kim loi 
0
(.m)  (K-1 )

Bc 1 ,62.1 0-8 4,1 .1 0-3

ng 1 ,69.1 0-8 4,3.1 0-3

Nhm 2,75.1 0-8 4,4.1 0-3

St 9,68.1 0-8 6,5.1 0-3

Vonfam 5,25.1 0-8 4,5.1 0-3

Constantan 5,21 .1 0-8 0,01 .1 0-3

1 . Cc tnh cht in ca kim loi

 Kim loi l cht dn in tt

 ln ca in tr sut  ca cc kim loi rt

nh (in dn sut ca chng rt ln)

(xem Bng 17.1 ).

 Dng in trong kim loi tun theo nh
lut m, nu nhit  kim loi c gi khng i
(xem Bi 10).

 Dng in chy qua dy dn kim loi gy ra
tc dng nhit (xem Bi 12).

 in tr sut ca kim loi tng theo nhit .
Th nghim chng t in tr sut  ca kim loi

ph thuc nhit  gn ng theo hm bc nht :

(17.1 )

trong  0 l in tr sut   t0 (oC) (thng ly l
20oC) ;   c gi l h s nhit in tr,  c n v
l K1 .  Trn Bng 17.1  c ghi gi tr ca 0 v  ca
mt s kim loi tiu biu.

Th nghim chnh xc chng t h s  cn ph thuc vo

nhit ,  vo c  sch v ch  gia cng vt liu.

2. lectron t do trong kim loi

a) Ta  bit (xem SGK Vt l 1 0),  cc kim loi 
th rn c cu trc tinh th.  Trong kim loi,  cc
nguyn t b mt lectron ho tr tr thnh cc ion
dng, cc ion dng sp xp mt cch tun hon,
trt t to nn mng tinh th kim loi.  

b) Cc lectron ho tr tch khi nguyn t th
chuyn ng hn lon trong mng tinh th.

= + 0 0[1 ( )]t t  

1
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dng in trong kim loi1717
Khi bt cng tc n, ta thy n sng ngay lp tc. Chc l  c nhng lectron chuyn ng

t ngun in ti n vi tc  rt ln. C phi nh vy khng ?



Cc lectron ny c gi l lectron t do ;  chng
to thnh kh lectron t do chon ton b th tch
ca tinh th kim loi.  Trn Hnh 17.2 l mt  mng
tinh th ca ng.  

Cc kim loi khc nhau c mt  lectron (s
lectron t do trong mt n v th tch) khc nhau ;
mt  ny c gi tr khng i i vi mi
kim loi.  

Khi khng c tc dng ca in trng ngoi,
chuyn ng hn lon ca cc lectron t do khng
to ra dng in trong kim loi (Hnh 17.3).

3. Gii thch tnh cht in ca kim loi

Cc tnh cht in ca kim loi c th gii thch
c da trn s c mt ca cc lectron t do trong
kim loi (thuyt lectron v tnh dn in ca
kim loi).

a) Bn cht dng in trong kim loi

Khi t vo hai u vt dn kim loi mt hiu
in th,  ngoi chuyn ng nhit hn lon
(Hnh 17.4),  do chu tc dng ca lc in trng,
cc lectron t do chuyn ng c hng, ngc
chiu in trng.  Do ,  c s dch chuyn c
hng ca cc ht ti in,  ngha l c dng in
chy trong kim loi.

Vy, dng in trong kim loi l dng dch
chuyn c hng ca cc lectron t do ngc chiu
in trng.

Mt  ht ti in (lectron t do) trong kim
loi rt ln,  vo c mt  nguyn t kim loi
(1028/m3),  v th kim loi dn in tt.

b) S mt trt t ca mng tinh th kim loi (do
chuyn ng nhit ca cc ion trong mng tinh th, s
mo mng tinh th do bin dng c hc v cc nguyn
t l ln trong kim loi to ra)  cn tr chuyn ng
c hng ca cc lectron t do, lm cho chuyn
ng ca lectron b lch hng.   l nguyn nhn

Mun lm mt dy dn  c
in tr gn nh khng thay i
theo nhit  th nn  dng vt
l iu  no ?

Hnh 17.2 Mt  mng tinh th
ca ng.
Cc hnh  trn  mu xanh trong hnh
v l cc ion  ng.

Hnh 17.3 Chuyn ng ca lectron
qua tit din thng ca dy kim loi
khi khng c tc dng ca
in trng.

S ph thuc ca in tr vt dn
kim loi vo nhit  c ng dng
 ch to cc nhit k in tr dng
 o nhit .  Nhit k in tr c
th dng  o nhng nhit  rt
cao (n 1 000oC), hoc rt thp
(n 200oC) vi  chnh xc cao
(c th n 0,0001oC).

B phn ch yu ca nhit k
in tr l mt si dy mnh bng
platin qun quanh mt li cch in.
in tr ca dy ny  c xc
nh chnh xc  cc nhit 
khc nhau.  V th,  khi t dy 
vo khu vc cn o nhit ,  ch cn
bit in tr ca dy l c th bit
c nhit .  Gi tr ca nhit 
ny c ghi ngay trn dng c o.

C2

89



Hnh 17.4 Chuyn ng ca lectron
qua tit din thng ca kim loi khi
c tc dng ca in trng.

Php tnh ton  chng t tc
 ca chuyn ng c hng ca
cc lectron t do trong kim loi rt
nh (nh hn 0,2 mm/s).  Khng nn
ln ln tc  ny vi tc  lan
truyn ca in trng tc dng ln
cc lectron t do (c 300 000 km/s).
V tc  lan truyn ca in trng
rt ln,  nn khi ta ng mch in,
th ngn n in d  rt xa cng
hu nh lp tc pht sng.

T thuyt lectron v kim loi,
suy ra in dn sut ca kim loi t
l thun vi mt  lectron t do.

Gii  thch  ti  sao cc kim
loi  khc nhau c in  tr sut
khc nhau.

C3

c bn gy ra in tr ca kim loi.  Ta ni lectron
va chm vo cc ch mt trt t ca mng tinh th.  

c) Nhit  ca kim loi cng cao,  th cc ion
kim loi cng dao ng mnh (bin  dao ng
cng ln).  Do ,   mt trt t ca mng tinh th
kim loi cng tng, cng lm tng s cn tr chuyn
ng ca cc lectron t do.  V vy,  khi nhit 
tng th in tr sut ca kim loi tng.

d) Cc lectron t do chuyn ng c gia tc do
tc dng ca lc in trng, v thu c mt nng
lng xc nh (ngoi nng lng ca chuyn ng
nhit hn lon).  Nng lng ca chuyn ng c
hng ca cc lectron t do c truyn mt phn
(hay hon ton) cho mng tinh th kim loi khi
va chm, lm tng ni nng ca kim loi.  Nh
vy, nng lng ca chuyn ng c hng ca cc
lectron t do  chuyn thnh ni nng ca kim
loi tc l chuyn ho thnh nhit.  V vy,  dy dn
kim loi nng ln khi c dng in chy qua.  

90

1 .  in  tr ca kim loi  ph  thuc nhit  nh th no ?
2.  Vn  dng thuyt lectron  t do trong kim loi,  hy gii  thch  cc tnh  cht in  ca kim loi.

1 .  Cu  no sai  ?
A.  Ht ti  in  trong  kim loi  l lectron  t do.
B.  Dng in  trong kim loi  tun  theo nh  lut m nu  nhit  trong kim loi  c gi khng i.
C.  Ht ti  in  trong kim loi  l ion.
D.  Dng  in  chy qua dy dn kim loi  gy ra tc dng nhit.

2. Cu  no ng ?
Khi  nhit  ca dy kim loi  tng,  in  tr ca n s 
A.  gim i.
B.  khng thay i.
C.  tng  ln.
D.  ban  u  tng ln  theo nhit  nhng sau   li  gim dn.

3.  Mt si  dy ng c in  tr 74  50oC.  in  tr ca si  dy   1 00oC l bao nhiu  ?

bi tp

cu hi
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Hnh 18.1 Th nghim v dng
nhit in.

Bng 18.1

Mt s gi tr  ca h s nhit in
ng vi  mt s cp kim loi

C th gii thch s lc v s
xut hin sut in ng nhit in
nh sau :  Cho hai thanh lm bng
cc vt liu dn in khc nhau A
v B,  hn hai u vo nhau.  Khi gi
cho hai mi hn c nhit  khc
nhau, ta c mi trng dn in
khng ng nht,  trong  nhit ,
mt  ht ti in thay i t im
ny sang im khc.  Do chuyn
ng nhit,  ht ti in  ni c
nhit  cao hoc ni c mt  ln
s dch chuyn v ni c nhit 
hoc mt  thp hn.  Kt qu l,
gia cc vng khng ng nht
hnh thnh hiu in th,  v trong
mch kn gm hai thanh  hnh
thnh mt sut in ng.

Cp kim loi T (V/K)

Platin   platin  pha ri 6,5

St  ng 8,6

St  niken 32,4

ng  constantan 40

St  constantan 50,4

1 . Hin tng nhit in

a) Cp nhit in. Dng nhit in

Tin hnh th nghim nh Hnh 18.1 .

H nng (vo ngn la n cn chng hn) u
ni A (mi hn)  ca hai on dy lm bng hai kim
loi khc nhau (ng v constantan),  ta thy c
dng in chy trong mch.   chnh lch nhit 
gia hai mi hn A v B tng th cng  dng
in tng.

Dng in ny c gi l dng nhit in v
sut in ng to nn dng nhit in trong mch
gi l sut in ng nhit in.  Dng c c cu to
nh trn c gi l cp nhit in.

Hin tng to thnh sut in ng nhit in

trong mt mch in kn gm hai vt dn khc nhau

khi gi hai mi hn  hai nhit  khc nhau l

hin tng nhit in.

b) Cng thc ca sut in ng nhit in

Th nghim chng t khi hiu nhit  T1  T2
gia hai mi hn khng ln,  th sut in ng nhit
in t l thun vi hiu nhit   :

(18.1 )

vi T l h s nhit in ng ph thuc vo vt
liu lm cp nhit in.  n v ca T l V/K
(xem Bng 18.1 ).

c)  ng dng ca cp nhit in

 Nhit k nhit in l cp nhit in c th
dng  o nhit  rt cao cng nh rt thp (m
ta khng th o c bng nhit k thng thng
(Hnh 18.2)).

T 1 2( )T T= E

H in tng nhit in
H in tng siu dn1818
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Hnh 18.2 Nhit k nhit in.

Hai  dy a v b c t trong ng s
C  bo v cho mi  hn  1  trnh tc
dng  ho hc.  Trn  mi l ivn  k
thng ghi  sn  nhit  tng ng.

Hnh 18.3 in tr ca mt ct thu
ngn ph thuc vo nhit .

Nu nhn xt v s thay i
ca in  tr ca ct thu ngn 
ln  cn nhit  4 K.

C1

 Pin nhit in. Ghp nhiu cp nhit in ta

c mt ngun in gi l pin nhit in.  Hiu

sut ca pin nhit in khong 0,1%.  Cho hai bn

dn khc loi tip xc nhau (xem Bi 24) ta c

pin nhit in bn dn, c hiu sut cao hn nhiu.

2. Hin tng siu dn 

a) Theo (1 7.1 ),  khi nhit  gim u th in

tr ca kim loi cng gim u.  Th nhng,  nm

1911  khi lm th nghim kho st s ph thuc

vo nhit  ca in tr mt ct thu ngn c 

tinh khit cao,   cc nhit  rt thp,  Ka-mc-lin

On-nt (Heike Kammerlingh Onnes,  1853   1926,

nh vt l ngi H Lan,  gii N-ben nm 1913)

 thu c cc kt qu biu din bng  th trn

Hnh 1 8.3 .

b) Thc hin th nghim tng t vi cc vt liu

khc,  ngi ta thy rng,  nhng nhit  rt thp,

in tr ca mt s kim loi v hp kim c gi tr

thay i theo nhit  mt cch c bit.  

Khi nhit  h xung di nhit  Tc no

, in tr ca kim loi (hay hp kim)  gim

t ngt n gi tr bng khng. Hin tng 

gi l hin tng siu dn.  Khi , kim loi hoc

hp kim c tnh siu dn. Khi vt dn  trng thi

siu dn, in tr ca n bng khng.  V vy,  nu

trong mt vng dy siu dn c dng in chy, th

dng in ny c th duy tr rt lu,  sau khi b

ngun in i.

Cc vt liu siu dn c nhiu ng dng trong

thc t.  Ngi ta  ch to ra nhng nam chm

in c cun dy bng vt liu siu dn, c th to

ra t trng mnh trong mt thi gian di m khng

hao ph nng lng v to nhit.  
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Ngy nay, vic tm kim, to ra cc vt liu c

tnh siu dn  nhit  cao l mt trong cc vn 

c quan tm c bit.  Nm 1993,  ngi ta  to

ra c mt hp cht c Tc = 134 K.

1 .  H in  tng nhit in  l g ?  Sut in  ng nhit in  ph  thuc vo nhng yu t no ?

2.  Hy nu  c im ca cc vt l iu  siu  dn  v kh nng ng dng  ca chng trong  k thut.

1 .  Cu  no di  y ni  v hin  tng nhit in  l khng ng  ?

A.  Cp nhit in  gm hai  dy dn  in  c bn cht khc nhau  hn ni  vi  nhau  thnh mt mch

kn  v hai  mi  hn  ca n c gi  hai  nhit  khc nhau.

B.  Nguyn nhn gy ra sut in  ng  nhit in  l do chuyn  ng nhit ca cc ht ti  in  trong

mch in  c nhit  khng ng  nht.

C.  Sut in  ng nhit in  E t l nghch  vi  hiu  nhit  (T1  T2)  gia hai  mi  hn  ca cp

nhit in.

D.  Sut in  ng nhit in  E xp x t l thun vi  h iu  nhit  (T1  T2)  gia hai  mi  hn  ca

cp nhit in.

2. Chn p s ng.

Mt mi  hn  ca mt cp nhit in  c h s  T = 65 V/K c t trong khng kh  20oC,

cn mi  hn  kia c nung nng  n nhit  232oC.  Sut in  ng nhit in  ca cp nhit in

khi   l :

A.  E= 1 3,00 mV. B.  E= 1 3,58 mV.

C.  E= 1 3,98 mV. D.  E= 1 3,78 mV.

bi tp

cu hi

Bng 18.2
Gi tr  Tc (K)  ca mt s vt l iu

Vt l iu Tc (K)

Thu ngn 4,1 5
Km 0,85
Nhm 1 ,1 9
Ch 7,1 9

Nb3Sn 1 8

Nb3Al 1 8,7

HgBa2Ca2Cu3O8 1 34
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Cc kh nng ng dng tim tng ca cc cht siu  dn l ht sc rng  ri  v quan trng,

n mc nhiu  nh khoa hc  cho rng,  vic pht minh  ra cht siu  dn c th so snh

vi  vic pht minh  ra nng lng nguyn t,  vic ch to ra cc dng  c  bn dn ;  thm ch

mt s nh khoa hc cn so snh  vi  vic pht minh  ra in.  Cc vt l iu  siu  dn s a

n s thay i  ln  lao v k thut,  cng ngh,  v c th c trong kinh  t v i  sng x hi.

Di  y,  l mt s ng dng ca siu  dn.

Cc ng dy cp siu  dn  c kh nng ti  in  i  xa m khng b  tn  hao nng lng

do khng c in  tr ;  mt khc,  dy cp ti  in  siu  dn khng cn lm to nh dy cp

thng thng v nh vy s tit kim c bit bao vt l iu,  v mt  dng in  trong dy

siu dn c th t ti  1 05 A/cm2,  tc l ln  hn nhiu  so vi  dy ng hoc nhm ca ng

dy ti  in  thng thng.

Da trn  tnh  cht t trng khng

thm nhp vo vt l iu  siu  dn v b

y tr li ,  ngi  ta  ch to v a

vo vn hnh nhng on tu ho

trn m t.  Nhng nam chm siu

dn c t trn  tu.  Trn  ng ray

c nhng cun dy dn.  Khi  tu  chy,

do hin  tng cm ng in  t (s xt

 chng V),  trong cc cun dy c

dng in  cm ng,  sinh  ra t trng.

Kt qu l xut hin  lc y khin cho

cc toa tu  c nng ln.  Do khng

c s tip xc gia cc toa tu  v

ng nn  tu  c th t tc  cao.

Nh mt  dng in  trong dy

siu  dn c th l rt ln,  ngi  ta ch

to cc nam chm in  siu  dn to

ra t trng cc mnh (trn  1 0 tesla)

cn cho my gia tc,  l phn ng nhit

hch v cc nghin  cu khc.  Nh

nam chm siu  dn,  m nm 1 986,  

Cun-ham (Anh) trong thit b To-ka-mc,

 to c nhit  1 40 triu   trong

na giy !

Em c bit ?

Hnh 18.4. Tu ho m t  Nht Bn t tc  k lc
516 km/h.  
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Fa-ra- y

(Michael  Faraday,  1 791   1 867

nh vt l  ngi  Anh)

Hnh 19.1 S  th nghim v dng
in trong cht in phn.

B l bnh thu tinh.  A, K l hai
in cc bng than ch.   nc ct
vo bnh B,  ng K1 v c s ch
ca miliampe k.  Sau ,  ngt K1 ,
ho tan vo nc ct mt t NaCl
(mui n).  ng K1 v c s ch
ca miliampe k.  Ngun in l
ngun mt chiu 24 V  5 A.

1 . Th nghim v dng in trong cht
in phn

a) Th nghim 

S  th nghim c v trn Hnh 19.1 .

b) Kt qu th nghim

Lm th nghim vi nc ct,  miliampe k cho
thy khng c dng in i qua,  cn vi dung dch
NaCl th c dng in i qua.

c)  Kt lun 

Nc ct l in mi.

Dung dch NaCl l cht dn in.

Lm th nghim tng t vi cc dung dch khc
nhau, ngi ta thy dng in c th chy qua dung
dch mui,  axit hoc baz.

Cc dung dch mui, axit, baz c gi l cc
cht in phn. Cc mui nng chy cng l cht
in phn.

2. Bn cht dng in trong cht in phn
Khi mui,  axit,  baz c ho tan vo nc,

chng d dng tch ra thnh cc ion tri du.  V d
phn t NaCl tch ra thnh ion Na+ v Cl ring r
(Hnh 19.2a).  Qu trnh ny gi l s phn li ca
cc phn t cht ho tan trong dung dch.  Chuyn
ng nhit mnh trong cc mui hoc baz nng
chy cng lm cc phn t cht ny phn li thnh
cc ion t do nh cc dung dch.  Trong khi chuyn
ng nhit hn lon, mt s ion dng c th kt
hp li vi ion m khi va chm,  tr thnh phn
t trung ho.  Qu trnh ny gi l s ti hp.  Do kt
qu ca hai qu trnh ni trn,  s lng phn t b

Dng in c th chy qua nc (nc ao, nc my, nc sng...) khng ? Ti sao ?

Dng in trong cht in phn
nh lut Fa-ra-y1919
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Hnh 19.2 Chuyn ng ca cc ion
trong cht in phn khi cha c
in trng a)  v khi c in
trng b).

Hy m t r hn chuyn
ng ca ion  Na+ v Cl .  

C1

phn li c gi tr xc nh, ph thuc vo nhit 
v nng  ca dung dch.  S cp ion c to
thnh mi giy tng khi nhit  tng.

Cc ion ny chuyn ng nhit hn lon.  V vy,
khng c dng in tch dch chuyn c hng khi
cha c tc dng ca in trng ngoi (Hnh 19.2a).

Khi ta t mt hiu in th vo hai in cc,
trong bnh in phn c mt in trng, th cc ion
c thm chuyn ng c hng theo phng ca
in trng (ngoi chuyn ng nhit hn lon).
Chuyn ng c hng  ca cc ion to nn dng
in trong cht in phn (Hnh 19.2b).

Dng in trong cht in phn l dng dch
chuyn c hng ca cc ion dng theo chiu
in trng v cc ion m ngc chiu in trng.

3. Phn ng ph trong cht in phn

Cc ion m dch chuyn n ant, nhng lectron
cho ant,  cn cc ion dng n catt v nhn
lectron t catt.  Cc ion  tr thnh nguyn t
hay phn t trung ho,  c th bm vo in cc,
hoc bay ln di dng kh.  Chng cng c th tc
dng vi in cc v dung mi,  gy ra cc phn ng
ho hc.  Cc phn ng ho hc ny gi l phn ng
ph hay phn ng th cp.

4. Hin tng dng cc tan

a) Th nghim 

S  th nghim tng t nh  Hnh 19.1 ,
nhng trong  ant (A)  bng ng, cn catt (K)
c th bng than ch hoc mt kim loi khc no
 ;  bnh B ng dung dch ng sunfat (CuSO4).

ng K1 trong khong thi gian 5  n 10 pht.
Quan st k catt ta thy c mt lp ng mng
bm vo.

b) Gii thch

Khi ho ng sunfat vo dung mi,  trong dung dch xut

hin cc ion Cu2+ v (SO4)
2-.  t vo hai cc ca bnh mt

hiu in th,  th do tc dng ca in trng, cc ion Cu2+
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dch chuyn n catt,  nhn hai lectron t ngun in i ti
tr thnh nguyn t ng bm vo catt : Cu2+ + 2e = Cu.  
ant,  lectron b ko v cc dng ca ngun in,  to iu
kin hnh thnh ion Cu2+ trn b mt ant tip xc vi dung
dch :  Cu  Cu2+ + 2e .  Khi (SO4)

2 chy v ant,  n ko
ion Cu2+ ny vo dung dch.  ng  ant s tan vo trong
dung dch gy ra hin tng dng cc tan (Hnh 19.3).

Kt qu l cc dng lm bng ng b hao dn i,
cn  catt li c ng bm vo.  Hin tng dng
cc tan xy ra khi in phn mt dung dch mui
kim loi m ant lm bng chnh kim loi y.

c)  nh lut m i vi cht in phn

Trong th nghim  mc a,  o cc gi tr ca
cng  dng in I qua bnh khi thay i hiu
in th U t vo bnh, ngi ta thu c cc kt
qu ghi  Bng 19.1 .  c tuyn vn-ampe c v
nh trn Hnh 19.4.  Nh vy,  khi c hin tng
dng cc tan,  dng in trong cht in phn
tun theo nh lut m,  ging nh i vi on
mch ch c in tr thun.

Nu bnh in phn cha dung dch mui kim loi m ant
khng lm bng chnh kim loi y (khng c hin tng
dng cc tan) th bnh in phn l mt my thu in.  Khi ,
dng in chy qua bnh in phn tun theo nh lut m i
vi my thu in (cng thc (14.6)).

5. nh lut Fa-ra-y v in phn

a) nh lut I Fa-ra-y
Khi lng m ca cht c gii phng ra 

in cc ca bnh in phn t l vi in lng q
chy qua bnh .

m = kq (19.1 )

H s t l k c gi l ng lng in ho,
ph thuc vo bn cht ca cht c gii phng ra
 cc.  n v ng lng in ho l g/C.  V d
vi bc :

k = 1 ,118.10 3 g/C

Hnh 19.3 Hin tng dng cc tan.

Bng 19.1
Kt qu th nghim

Hnh 19.4 c tuyn vn-ampe ca
bnh in phn ng dung dch
CuSO4 vi ant bng ng.

Da vo lp lun   mc 2,
hy chng t in  tr ca dung
dch  in  phn gim khi  nhit
 tng.

C2

U

(V)
0,5 1 ,0 1 ,5 2,0 2,5 3,0

I

(A)
0,025 0,060 0,1 00 0,1 30 0,1 70 0,21 0



98

b) nh lut II Fa-ra-y 

Fa-ra-y  nhn xt rng, ng lng in

ho k ca cc cht khc nhau lun lun t l thun

vi khi lng mol nguyn t A ca cht thu c 

in cc v t l nghch vi ho tr n ca cht y.  Do

 nh lut II Fa-ra-y c pht biu nh sau :

ng lng in ho k ca mt nguyn t t

l vi ng lng gam ca nguyn t .

(19.2)

Th nghim chng t h s t l c c cng mt tr

s i vi tt c cc cht.  Ngi ta thng k hiu

trong  F cng l mt hng s i vi mi 

cht v gi l s Fa-ra-y.  Kt qu th nghim cho :

F  96 500 C/mol

khi m o bng gam.

c)  Cng thc Fa-ra-y v in phn

Kt hp cc h thc (19.1 )  v (19.2) ta rt ra

cng thc biu th c hai nh lut Fa-ra-y :

(19.3)

hay (19.4)

vi I l cng  dng in khng i i qua bnh

in phn (tnh bng ampe),  t l thi gian dng in

chy qua bnh (tnh bng giy) v m o bng gam.

6. ng dng ca hin tng in phn

Hin tng in phn c ng dng  iu ch

ho cht,   tinh ch kim loi,  m in,  c in.. .

1 A
m It

F n
=

=

1 A
m q

F n

1
,F

c
=

A
k c

n
=

A

n

Gii thch cc nh lut Fa-ra-y.

in tch ca ion

Da vo s dn in ca cht

in phn v vo thuyt in li,  ta c

th gii thch cc nh lut Fa-ra-y.

Gi s c N ion di chuyn ti
in cc.  Nu khi lng ca mi
ion l m0,  th khi N ion  c
trung ho  in cc,  khi lng ca
cht c gii phng ra l :

m = m0N

in tch ca mi ion l ne

(vi e l in tch nguyn t,  n l

ho tr ca nguyn t).  Khi c N ion

ti in cc th in lng 

chuyn qua dung dch in phn l :

q = Nne

T  :

 chnh l h thc ca nh lut I

Fa-ra-y.  T h thc ,  ta thy

ng lng in ho l :

Mt khc khi lng mol ca

cht c gii phng ra  in cc :

(NA l s A-v-ga-r).  Do  ng 

lng gam ca cht  bng :

T  :

 chnh l h thc ca nh lut II
Fa-ra-y.

0 1
.

m A
k

ne n F
= =

A 0N mA

n n
=

A

n

A 0A N m=

0m
k

ne
=

= =
0

0

m
m Nm q

ne
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T  tm c s Fa-ra-y :

in tch nguyn t e li bng :

V NA = 6,023.1026/kmol,  nn

bit F ta tm c e  1 ,60.1019 C.

Hnh 19.5 Dy chuyn m in
trong cng nghip.

Nguyn tc ca c in cng
ging nh m in.  Trc tin,
ngi ta lm khun ca vt nh c
bng sp ong hay bng mt cht
khc d nn, ri qut ln khun mt
lp than ch (graphit)  mng  cho
b mt khun tr thnh dn in.
Khun ny c dng  lm cc
m, cn cc dng th bng kim loi
m ta mun c v dung dch in
phn l mui ca kim loi .  Khi
t mt hiu in th vo hai in
cc ,  kim loi s kt thnh mt
lp trn khun c,  dy hay mng l
tu thuc vo thi gian in phn.
Sau  ngi ta tch lp kim loi ra
khi khun v c vt cn c.

c in l phng php c
chnh xc,  do  cc bn in trc
y thng c ch to bng
phng php ny.

A

F
e

N
=

= AF N e

a) iu ch ho cht 

Clo, hir v xt (NaOH) l nhng nguyn liu

quan trng ca cng nghip ho cht.  Vic iu ch

cc nguyn liu ny c thc hin bng cch in

phn dung dch mui n (NaCl) tan trong nc vi

in cc bng graphit hoc bng kim loi khng b

n mn.  Kt qu in phn cho ta xt tan vo dung

dch v cc kh hir v clo bay ra.

b) Luyn kim

Ngi ta da vo hin tng dng cc tan 

tinh ch kim loi.  Ngi ta c ng nu t qung

ra (cn cha nhiu tp cht)  thnh cc tm.  Dng

cc tm ny lm cc dng trong bnh in phn

ng dung dch ng sunfat.  Khi in phn, cc

dng tan dn, ng nguyn cht bm vo cc m,

cn tp cht lng xung y.

Cc kim loi khc (nh nhm, magi.. .)  v nhiu

ho cht c iu ch trc tip bng phng php

in phn.

c)  M in

M in l dng phng php in phn  ph

mt lp kim loi (thng l kim loi khng g nh

crm, niken, vng, bc...) ln nhng  vt bng kim

loi khc.  Khi  vt cn c m dng lm cc m,

kim loi dng  m lm cc dng, cn cht in

phn l dung dch mui ca kim loi dng  m.  
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1 .  Cht in  phn  l g ?  Cho v d  v cht in  phn.

2.  Ht ti  in  trong cht in  phn  l cc ht no ? Bn cht dng in  trong  cht in  phn  l g ?

Ti  sao dng in  qua cht in  phn li  gy ra s vn chuyn cc cht,  cn  dng in  qua kim

loi  khng gy ra hin  tng  ?

3.  Hy pht biu  nh  lut Fa-ra-y v hin  tng in  phn.

1 . Chn pht biu  ng.

A. Khi  ho tan  axit,  baz hoc mui  vo trong nc,  tt c cc phn t ca chng u  b  phn

l i  thnh  cc ion.

B. S cp ion  c to thnh trong  dung d ch  in  phn khng  thay i  theo nhit .

C. Bnh  in  phn  no cng c sut phn in.

D. Khi  c hin  tng dng cc tan,  dng in  trong  cht in  phn  tun theo nh  lut m.

2. Chn p s ng.

ng lng in  ho ca niken l k = 3.1 0 4 g/C.  Khi  cho mt in  lng 1 0 C chy qua bnh

in  phn c ant bng niken th khi  lng niken  bm vo catt l :

A.  0,3.1 0 4 g. B.  3.1 0 3 g. C.  0,3.1 0 3 g. D.  3.1 0 4 g.

3.  Chiu  dy ca lp niken  ph  ln  mt tm kim loi  l D = 0,05 mm sau  khi  in  phn trong 30 pht.

Din  tch  mt ph  ca tm kim loi  l 30 cm2.  Xc nh  cng  dng in  chy qua bnh  in

phn.  Cho bit niken c khi  lng ring l  = 8,9.1 03 kg/m3,  A = 58 v n = 2.

bi tp

cu hi
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1 . nhit  t1 = 25
oC, hiu in th gia hai cc bng n l U1 = 20 mV v cng

 dng in chy qua n l I1 = 8  mA.  Khi sng bnh thng, hiu in th gia

hai cc bng n l U2 = 240 V v cng  dng in chy qua n l I2 = 8  A.  Tnh

nhit  t2 ca dy tc n khi sng bnh thng.  Coi rng in tr ca dy tc n

trong khong nhit  ny tng t l bc nht theo nhit  vi h s nhit in tr

 = 4,2.103 K1 .

Bi gii

in tr R1 v R2 ca dy tc n  nhit  t1 = 25oC v  nhit  t2 khi n
sng bnh thng, tng ng bng :

v

S thay i in tr ca dy tc n theo nhit  c tnh theo cng thc :

R2 = R1[1  + (t2  t1)]

T  suy ra nhit  t2 ca dy tc n khi n sng bnh thng :

Thay s :

2. Mt bnh in phn ng dung dch bc nitrat vi ant bng bc.  in tr ca bnh
in phn l R = 2 .  Hiu in th t vo hai cc l U = 10 V.  Xc nh lng bc
bm vo cc m sau 2 h.  Cho bit i vi bc A = 108 v n = 1 .

Bi gii

Cng  dng in qua bnh :

A

Theo cng thc ca nh lut Fa-ra-y (19.4)

m  40,3 g.

= =
1 1 108

.5.7 200
96 500 1

A
m It

F n

5
U

I
R

= =

o
2 3

1 30
1 25 2 644 C.

2, 54, 2.10
t



 
=  + = 

 

2
2 1

1

1
1

R
t t

R
 

=  + 
 

2
2

2
30

U
R

I
= = = = 1

1
1

2, 5
U

R
I

bi tp V DNG IN TRONG
KIM LOI V CHT IN PHN2020
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Dng in trong chn khng2121
1 . Dng in trong chn khng

Chn khng l tng l mt mi trng trong 
khng c mt phn t kh no.  Trong thc t,  khi ta
lm gim p sut cht kh trong ng n mc
(khong di 0,0001  mmHg)  phn t kh (ht)
c th chuyn ng t do t thnh n n thnh kia
ca ng m khng va chm vi cc phn t (ht)
khc th ta ni trong ng l chn khng.

a) Th nghim v dng in trong chn khng

S  th nghim c trnh by  Hnh 21 .1 .

Dng c th nghim l bng n thu tinh  ht
chn khng (p sut khong 106 mmHg) trong 
c hai cc ;  ant A l mt bn kim loi,  cn catt K
l dy vonfam.  Dng c ny c gi l it chn
khng (hay it in t).

b) Bn cht dng in trong chn khng

Khi catt K b t nng, cc lectron t do trong
kim loi nhn c nng lng cn thit  c th
bt ra khi mt catt (hin tng ny gi l s pht
x nhit lectron).  Do ,  trong ng chn khng c
cc lectron t do chuyn ng hn lon.

Khi mc ant vo cc dng, cn catt vo cc
m ca ngun in,  th do tc dng ca lc in
trng, cc lectron dch chuyn t catt sang ant,
to ra dng in.

Dng in trong it chn khng l dng dch
chuyn c hng ca cc lectron bt ra t catt b
nung nng di tc dng ca in trng.

Nu mc ant vo cc m ca ngun in cn
catt vo cc dng, th lc in trng c tc dng
y lectron tr li catt,  do  trong mch khng

Chn khng trong n hnh tivi
c p sut nh hn 104 Pa, cn
trong mt phch nc  th nh hn
102 Pa.

Hnh 21.1 S  th nghim nghin
cu dng in trong chn khng.

Ngun in  E2  t nng catt

K.  Ngun in  E1  to hiu  in

th U gia hai  cc ca it ;  nh

bin tr R c th thay i  gi tr  ca

U.  Mi l iampe k ch cng  dng

in  chy qua it (chy trong chn

khng).

Quan st kim ca in  k G khi  :

 M K2,  ng K1 ;

 ng K1 v K2 ;

 M K1 ,  ni  A vi  cc m,  cn K vi

cc dng ca ngun in,  sau  
ng K1 .

Nu ban u cha ni in

cc K vi ngun E1 ,  th khi  ng

K1 ,  s ch ca G bng bao nhiu ?

Theo d on ca em,  
nhit  bnh  thng,  c th c
cc lectron t do bt ra khi
mt kim loi  khng ? Ti  sao ?

C2

C1
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Hnh 21.2 c tuyn vn-ampe ca
dng in trong chn khng khi
catt c nhit  T v T >  T.

 th  Hnh 21 .2 cho thy :

tuy U < 0 nhng nu |U|  nh th

vn c th c I  0.  Theo em ti

sao li  nh vy ?

Ti  sao gi tr  ca Ibh tng

khi  nhit  ca catt tng.

Trong thc t,   c dng in
ln, ngi ta ph ln catt mt lp
xit ca kim loi kim th nh bari,
thori,  strnti,  canxi,. . .  ;  khi b t
nng, cc xit ny pht ra nhiu
lectron hn cc kim loi tinh khit.

Hnh 21.3 it chn khng.

Hnh 21.4 Tia catt.

C4

C3

c dng in.  V vy dng in chy trong it
chn khng ch theo mt chiu t ant n catt.

2. S ph thuc ca cng  dng in
trong chn khng vo hiu in th

a) Kho st chi tit s ph thuc ca cng 
dng in trong chn khng vo hiu in th U t
gia ant v catt,  ngi ta thu c c tuyn
vn-ampe c dng nh trn Hnh 21 .2.  T Hnh 21.2
ta nhn thy :  

 c tuyn vn-ampe khng phi l ng
thng.  Nh vy dng in trong chn khng
khng tun theo nh lut m.

 Khi U < Ub :  U tng th I tng.  

 Khi U  Ub th U tng I khng tng v c gi
tr I = Ibh :  cng  dng in qua ng t gi tr
ln nht gi l cng  dng in bo ho
(Hnh 21 .2).  Nhit  catt cng cao (T > T), th
cng  dng in bo ho Ibh cng ln.

b) V it chn khng c tnh dn in theo mt
chiu (ch cho dng in chy qua n t ant n
catt)  nn n c dng  bin i dng in xoay
chiu thnh dng mt chiu (chnh lu dng in
xoay chiu).  Trong cc s  in,  it chn khng
c v nh trn Hnh 21 .3.

3. Tia catt

Lm th nghim vi it chn khng c dng
ng thu tinh di v trn ant c mt l nh O nh
trn Hnh 21 .4,  khi n hot ng,  pha sau l c
dng cc lectron do catt pht ra v bay trong
chn khng. Ngi ta gi dng  l tia catt. Th
nghim cho thy tia catt c cc tnh cht sau :

Tia catt truyn thng, nu khng c tc dng
ca in trng hay t trng.  Dng mt l kim loi
mng hnh ch thp lm ant v t n i din,
song song vi catt th  thnh trong ca ng ta thy 
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Hnh 21.5 Tia catt truyn thng.

Trong th nghim  Hnh 21 .4,  ta
thy trn thnh ng, i din vi l
O  ant c mt vng nh thu tinh
pht nh sng mu xanh lc.

Trong thc t, it chn khng
thng dng l mt ng thu tinh
hoc kim loi c ht chn khng
n p sut khong 106 107mmHg,
c hai in cc.  Catt l mt ng
kim loi hnh tr,  bn trong ng l
dy t c dng  lm nng
catt (dy t c t bng mt
ngun in ring).  Cn ant thng
cng l mt hnh tr bng kim loi,
ng trc vi catt.  Nu trong it
in t ni trn,  ta t thm mt
in cc  gn catt,  th bng cch
thay i in th ca cc ny,  ta c
th lm thay i dng lectron i t
catt sang ant v do ,  lm thay
i cng  dng in qua n.
Hin tng ny c dng  to ra
trit in t (hay n in t ba cc)
v cc th ba  c gi l cc
li. Trc y, trit in t c
dng trong cc mch khuch i dao
ng, my pht dao ng in t.. .

Hnh 21.6 ng phng in t.

c mt bng en cng c hnh ch thp nh l kim
loi (Hnh 21 .5).

Tia catt pht ra vung gc vi mt catt. Nu
catt c dng mt cu lm th cc tia catt pht ra
s hi t ti tm mt cu.

Tia catt mang nng lng. Khi p vo mt vt
no ,  n lm cho vt nng ln.  Trong k thut hin
i,  tnh cht ny c ng dng vo vic hn trong
chn khng hoc nu cc kim loi rt tinh khit
trong chn khng.. .

Tia catt c th m xuyn cc l kim loi mng
(c chiu dy t 0,003  0,03 mm), c tc dng ln
knh nh v c kh nng ion ho khng kh.

Tia catt lm pht quang mt s cht khi p
vo chng, nh lm thu tinh pht nh sng mu
xanh lc,  vi pht nh sng mu da cam.

Tia catt b lch trong in trng,  t trng.
Tia catt v ni chung l chm lectron c tc

 ln, khi p vo cc vt c nguyn t lng ln
(nh platin),  b hm li v lm pht ra tia Rn-ghen.

4. ng phng in t

Mt ng dng quan trng ca tia catt l trong ng phng

in t (cn gi l ng catt).   l b phn thit yu ca my

thu hnh, dao ng k in t,  my tnh in t .. .  ng phng
in t l mt ng chn khng m mt trc ca n
l mn hunh quang,  c ph bng cht hunh
quang (nh km sunfua ZnS chng hn) pht ra nh
sng khi b lectron p vo (Hnh 21 .6).  Trong
phn c ng (phn hp),  c ngun pht lectron,
gm dy t,  catt,  cc cc iu khin v ant.
Ngi ta t gia ant v catt mt hiu in th t
vi trm n vi nghn vn.  Trn ng i n mn
hunh quang, chm lectron i qua hai cp bn cc
lm lch,  ging nh hai t in :  mt cp bn nm
ngang, mt cp bn thng ng.  Khi t mt hiu
in th gia hai bn nm ngang, do tc dng ca
in trng, chm lectron b lch theo phng
thng ng.  Cn khi t mt hiu in th gia hai
bn thng ng, chm lectron b lch theo phng
ngang.  Khi t cc hiu in th thch hp vo hai
cp bn ,  ta c th iu khin chm lectron p
vo v tr xc nh trn mn hunh quang. Cc cc
c cu to, xp t v c cc in th sao cho chm lectron,
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1 . Hy nu  cch to ra dng in  trong chn khng,  bn  cht dng in  trong  chn  khng,  v c

im v chiu  ca dng in  ny.

2. Tia catt l g ?  Nu  cc tnh  cht ca tia catt.

3.   Hy nu  nguyn  tc cu  to v hot ng ca ng phng in  t.

1 .  Chn pht biu  ng.

A.  Dng in  trong chn  khng tun  theo nh  lut m.

B.  Khi  hiu  in  th t vo it chn khng  tng ln,  th cng  dng  in  tng.

C.  Dng  in  chy trong  it chn khng  ch theo mt chiu  t ant n catt.

D.  Qu o ca lectron  trong tia catt khng  phi  l mt ng thng.

2. Chn p s ng.

Nu cng  dng in bo ho trong it chn khng bng 1  mA th trong thi  gian 1  s s lectron

bt ra khi  mt catt l :

A.  6,1 5.1 01 5 lectron.  B.  6,1 5.1 01 8 lectron.

C.  6,25.1 01 5 lectron. D.  6,25.1 01 8 lectron.

bi tp

cu hi

mt mt c tng tc,  mt khc c hi t li  ch gy

mt im sng nh trn mn hunh quang.  V cc lectron c

khi lng rt b,  qun tnh rt nh, cho nn chng hu nh

phn ng tc thi khi hiu in th gia cc cp bn thay i.

V vy,  ng phng in t trong cc dao ng k in t c

dng  nghin cu nhng qu trnh bin thin nhanh.  Trong

cc my thu hnh, chm tia lectron trong n hnh c lm

lch nh t trng.



1 06

Trong cc cn ma dng thng c st. nh di chp tia st nh vo mt cy cao 20 m (v
cy m, phn ln dng in i qua nc trn cy nn cy khng b tn hi g).  Vy st l g ?

dng in trong cht kh2222

Hnh 22.1 S  th nghim v s
phng in trong khng kh.

A v B l hai bn ca t in
phng khng kh,  c tch in.
V l vn k tnh in.

Quan st kim ch ca V khi cha
c ngn la v khi c ngn la.

1 . S phng in trong cht kh

a) Th nghim

S  th nghim c v trn Hnh 22.1 .

b) Kt qu th nghim 

iu kin bnh thng,  khng kh l
in mi.

Khi b t nng, khng kh tr nn dn in,  c
dng in chy qua khng kh t bn n sang bn
kia.   l s phng in trong khng kh.

Lm th nghim trong cc mi trng kh khc
nhau, ngi ta thu c kt qu tng t nh trn.

2. Bn cht dng in trong cht kh 

Trong nhng iu kin bnh thng, cht kh hu
nh ch gm nhng nguyn t hay phn t trung ho
v in.  V vy,  cht kh l in mi.

Khi t nng cht kh,  hoc dng cc loi bc
x, nh tia t ngoi,  tia Rn-ghen, tc ng vo mi
trng kh,  th mt s nguyn t hoc phn t kh
mt bt lectron v tr thnh ion dng (Hnh 22.2a).
Hin tng ny gi l s ion ho cht kh.  Nhng
tc ng bn ngoi gy nn s ion ho cht kh gi
l tc nhn ion ho.  Trong s cc lectron mi c
to thnh nh tc nhn ion ho,  c mt s chuyn
ng t do,  mt s khc kt hp vi nguyn t hay
phn t trung ho to thnh ion m (Hnh 22.2b).
Nh vy, nh c tc nhn ion ho m trong cht kh
xut hin nhng ht mang in t do : lectron,
ion dng, ion m (Hnh 22.2c).  Trong khi chuyn
ng nhit hn lon, mt s lectron c th kt hp
li vi ion dng khi va chm,  tr thnh phn t
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Hnh 22.2 S ion ho cht kh v s
ti hp.

Vng trn mu xanh l nguyn
t, phn t trung ho,  vng trn mu
xanh c du +,  tng ng l ion
dng v ion m.

Hnh 22.3 c tuyn vn - ampe ca
cht kh.

Kho st chi  tit cho thy c
tuyn vn - ampe trn Hnh 22.3
c dng on thng  gn gc to
 (tc l vi  cc tr  s U rt nh).
T  c th rt ra kt lun g ?

Gii  thch  r hn,  ti  sao khi

Ub  U < Uc,  cng  dng in

gi nguyn gi tr  bng Ibh.  

Hnh 22.4 S ion ho do va chm.

C2

C1

trung ho (Hnh 22.2d).  Qu trnh ny gi l s ti
hp.  Nu tc dng ca tc nhn ion ho khng thay
i,  th mt  ion v lectron t do c to ra
trong mi giy trong cht kh c tr s xc nh.
Bnh thng cc ion v cc lectron ny chuyn
ng nhit hn lon, nn khng to ra dng in
trong cht kh.

t mt hiu in th vo khi kh  b ion ho,
th cc lectron v ion chuyn ng c hng do tc
dng ca in trng, nhng chng vn chuyn
ng nhit hn lon :  cc lectron v cc ion m
chuyn ng v pha cc dng (ant),  cn cc ion
dng chuyn ng v pha cc m (catt),  to nn
dng in trong cht kh.

Dng in trong cht kh l dng dch chuyn c
hng ca cc ion dng theo chiu in trng v
cc ion m, lectron ngc chiu in trng.

3. S ph thuc ca cng  dng in
trong cht kh vo hiu in th

Kho st s ph thuc ca cng  dng in
trong cht kh  p sut bnh thng vo hiu in
th khi c tc nhn ion ho,  ngi ta thu c c
tuyn vn - ampe trn Hnh 22.3.  Ta nhn thy :  

 c tuyn vn - ampe khng phi l ng
thng.  Nh vy dng in trong cht kh khng tun
theo nh lut m.

  Khi tng dn hiu in th,  bt u t gi tr
U = 0 n U = Uc s phng in ch xy ra khi c
tc dng ca tc nhn ion ho,  ta c s phng in
khng t lc.

  Khi U  Ub,  cng  dng in gi nguyn
gi tr bng Ibh,  d U tng.  Ta ni cng  dng
in trong cht kh t gi tr bo ho Ibh.

  Khi U > Uc,  th cng  dng in tng vt
ln.  L do l c thm nhiu ion v lectron c to
thnh, nh c s ion ho do va chm ca cc lectron
vi phn t kh (Hnh 22.4).

a)

b)

c)

d)
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Hnh 22.5 Tia la in.

Ti  sao lc c st,  mt t
li  tch  in   c th xy ra s
phng in  gia m my tch
in v mt t ?

Trong ng c n,  b phn to ra

tia la in l bugi,   ch l hai

in cc gn vo mt khi s cch

in cch nhau mt khong rt nh

(c vi phn mi milimt).

Tia la in c dng trong

ng c n  t hn hp kh.  Tia

la in cng cn c dng trong

thit b to kh zn  kh trng.

Gii  thch  r hn tc dng
ca ct chng st.

Hnh 22.6 Ct chng st.

St thng nh vo m t cao,
ngn cy.   trnh tc hi ca st,
ngi ta lm cc ct chng st.   l
nhng ct nhn bng kim loi,  t
ln ch cao ca nh,  hoc cc cng
trnh xy dng.. .  v c ni cn
thn bng dy dn vi mt thanh
kim loi chn su xung t.  Khi c
cn dng, in tch t m my s
qua ct chng st xung t mt
cch t t,  khng gy ra hin
tng st.

C4

C3

  Th nghim cng chng t,  khi U > Uc th d
c ngng tc dng ca tc nhn ion ho,  s phng
in vn c duy tr.  Ta ni rng c s phng in
t lc (hay phng in t duy tr).

Qu trnh phng in trong cht kh thng c
km theo s pht sng.   l v khi lectron n va
chm vi phn t kh hoc ion dng th cc phn
t chuyn sang trng thi kch thch v nng lng
m chng  nhn s c gii phng di dng
nh sng (SGK Vt l 12).

4. Cc dng phng in trong khng kh 
p sut bnh thng

a) Tia la in (tia in)

 Tia la in l qu trnh phng in t lc
xy ra trong cht kh khi c tc dng ca in
trng  mnh  lm ion ho kh, bin phn t
kh trung ho thnh ion dng v lectrn t do. 

  Trong khng kh,  tia la in c th hnh thnh
khi c in trng rt mnh (c cng  khong
3.106 V/m).  Tia la in khng c dng nht nh,
thng l mt chm tia ngon ngoo (Hnh 22.5).
Tia la in thng km theo ting n ;  trong khng
kh sinh ra zn c mi kht.

Kho st hnh nh tia la in (bng cch chp
nhanh n nh mt my quay phim chng hn) ta
thy n khng lin tc,  m gin on :  mt im
sng pht trin nhanh thnh tia xuyn qua khong
khng gian phng in ri tt,  mt tia th hai xut
hin na ri li tt,  v c nh th m tip tc tia th
ba, tia th t.. .

Nghin cu chi tit cho thy, trong qu trnh
phng in hnh tia,  ngoi s ion ho do va chm (v
c in trng rt mnh),  cn c s ion ho do tc
dng ca bc x pht ra trong tia la in.

b) St

St pht sinh do s phng in gia cc m my
tch in tri du hoc gia mt m my tch in
vi mt t to thnh tia la in khng l.
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Hnh 22.7 nh h quang in.

Theo em,  mun to ra h
quang in  ti  sao ban u  cn
phi  cho hai  u  thanh  than
chm nhau  ?

Dng in chy qua cht kh
gia hai cc ch yu l dng lectron
(v c ion m) i t catt n ant,
nhng cng c mt phn l dng ion
dng i t ant n catt.  Cc ion
m v lectron ti p vo ant,  lm
ant nng ln,  nhit  c th ln ti
3 500oC.  Do ,  ant pht sng
mnh ;  ti  hu ht vt liu b
nng chy v thm ch bay hi,  nn
ant b lm vo,  nh ta  thy.  Cn
cc ion dng khi ti p vo catt
th cng lm cho catt duy tr c
trng thi nng  ban u v pht
ra cc lectron (pht x nhit lectron).
Cht kh gia hai cc  nhit  cao
nn b ion ho v dn in tt,  nh
 in tr ca kh trong h quang
in rt nh.  Cng  dng in
trong mch c th kh ln,  t hng
chc ampe.  

Hnh 22.8 Hn in.

My hn in  l mt ngun in  c
hiu  in  th thp,  c vi  chc vn,
c in  tr trong  rt nh  c th
to ra dng in  rt ln,  ti  hng
trm ampe.  Dng in  ny lm nng
chy que hn v im hn,  do 
mi  hn  dnh  vo nhau.

C5

Hiu in th gy ra st c th t ti 108  109 V
v cng  dng in trong st c th t ti 10 000 
50 000 A.  S pht tia la ca st lm p sut khng
kh tng t ngt,  gy ra ting n,  gi l ting sm
(nu phng in gia hai m my),  hoc ting st
(nu phng in gia m my v mt t).

c)  H quang in

 H quang in l qu trnh phng in t lc
xy ra trong cht kh  p sut thng hoc p sut
thp gia hai in cc c hiu in th khng ln.
H quang in c th km theo to nhit v to sng
rt mnh.

 V d ph bin v h quang l s phng in
gia hai u t gn nhau ca hai thanh than
(hai in cc) ni vo ngun in c hiu in th
40 V  50 V.  Thot tin,  ngi ta cho hai u ca
cc thanh than chm vo nhau lm cho mch in
b ni tt,  dng in trong mch rt ln lm cho ch
chm nhau ca hai thanh than nng .  Khi tch hai
u ca cc thanh than ra mt khong ngn, ta thy
gia hai u thanh than pht ra nh sng chi nh
mt ngn la :   chnh l h quang in
(Hnh 22.7).  Nhn qua knh en bo v mt,  ta thy
phn ln nh sng chi pht ra t hai u thanh
than, tc l t cc dng (ant)  v cc m (catt)
ca h quang.  Gia hai cc  c mt li lim
sng yu hn, do cht kh than b t chy.  Cc
dng b n mn v hi lm vo.

 H quang cng c th xut hin gia cc in
cc bng kim loi.  Tu theo bn cht cc cc,  nhit
 ca h quang khc nhau, nhng thng rt cao,
c th t 2 500oC n 8  000oC.

 H quang c rt nhiu ng dng trong k thut.

Nh nhit  cao ca cc cp in cc,  ngi ta
dng h quang trong vic hn in :  mt cc ca h
quang l tm kim loi cn hn, cn cc kia l que
hn (Hnh 22.8).  Do nhit  cao gia hai cc,  que
hn nng chy v lp ch cn hn trn tm kim loi.
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Hnh 22.9 L h quang nu thp

(s3 l in cc).

Hnh 22.10 S  mc n ng.

Stcte hot ng nh mt cng
tc in t ng K.  Khi bt cng tc
n, K ng, dng in chy qua hai
cc l cc dy vonfam mc ni tip,
lm cc dy nng  v pht ra lectron
(pht x nhit lectron).  Khi K ngt,
mt cc tr thnh ant,  cn cc kia
l catt v  h quang xy ra.  Dng
in trong qu trnh phng in h
quang gi cho dy vonfam tip tc
nng .  Cun chn lu trong mch
in gi cho dng in khng tng
qu cao,  lm hng n.

Hnh 22.11 S phng in thnh min.

Trong ngnh luyn kim, ngi ta dng h quang
 nu chy kim loi (Hnh 22.9),  iu ch cc
hp kim.

Trong ho hc,  nh nhit  cao ca h quang
ngi ta c th thc hin nhiu phn ng ho hc,
chng hn nh phn ng xi ho nit thnh xit nit
 iu ch axit nitric.. .

H quang trc y cn c dng lm ngun
nh sng mnh cho cc n chiu, n bin,  
my chiu phim...  

Nhiu ngun sng c dng trong chiu sng
cng cng l h quang in trong cc khi hi nh
natri (n vng),  hi thu ngn,. . .  cha trong bng
thu tinh kn.  Cc in cc thng bng vonfam.

n ng pht nh sng ban ngy, cn gi l n
hunh quang, l h quang sinh ra trong hi thu
ngn  p sut thp.  Mt trong ca ng c ph mt
lp bt hunh quang.  Bt ny,  khi hp th cc bc
x t ngoi do hi thu ngn pht ra,  s pht ra nh
sng nhn thy, gn ging nh sng ban ngy
(Hnh 22.10).

5.  S phng in  trong cht kh 
p sut thp

a) Ngi ta  lm th nghim v s phng in
trong cht kh  p sut thp, bng cch dng mt
ng thu tinh c hai in cc bng kim loi,  gi l
ng phng in,  (Hnh 22.11 ).  ng ny c ni
vi mt bm ht (khng v trn hnh)  c th lm
gim dn p sut trong ng.  Kt qu th nghim
cho thy :  khi p sut cht kh vo khong t 1  n
0,01 mmHg v hiu in th gia hai cc vo
khong vi trm vn, s phng in c dng nh 
Hnh 22.11 .  Ta thy c hai min chnh :  ngay  gn
mt catt c mt min ti gi l min ti catt ;
phn cn li ca ng, cho n ant,  l min sng,
thng gi l ct sng ant. V vy,  s phng in
ny c gi l s phng in thnh min.
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Nu p sut ca kh trong
ng bng p sut kh quyn th
c dng  in  chy qua ng
khng ? Ti  sao ?

Th nghim v l thuyt chng t
 gim in th  gn catt kh ln
nn cc ion dng ti  thu c
nng lng ln khi ti p vo
catt, kt qu l xut hin dng cc
lectron bt ra t catt chuyn ng
v pha ant.

S phng in thnh min trong
kh  p sut thp c s dng 
to nn nhng ngun sng dng
trong qung co.  Cc ng thu tinh
cha kh c un thnh hnh, thnh
ch.  Mu sc ca nh sng pht ra
ph thuc vo bn cht ca kh cha
trong ng, nh kh non (Ne) pht
nh sng mu ,  kh kripton (Kr)
pht nh sng mu xanh l cy,  kh
agn (Ar),  hi thu ngn (Hg) pht
nh sng mu xanh lam...

C6b) Khi ta lm cho p sut kh trong ng phng in

gim xung, ch cn vo khong 0,01   0,001 mmHg

(tu thuc vo chiu di ca ng) th min ti catt

chon y ng.  Trong ng hu nh khng sng na,

nhng  thnh thu tinh i din vi catt pht ra

nh sng mu lc hi vng.  S d nh vy l v khi

 mi trng trong ng xem nh chn khng

(Bi 21 ),  do  dng cc lectron pht ra t catt c

th chy thng ti ant m khng va chm vi cc

phn t khc.  Dng  chnh l tia catt,  tia ny 

lm pht quang thu tinh.  Khc vi tia catt xt 

Bi 21  (pht ra t catt b t nng),  tia catt ny

c pht ra t catt khng t nng (pht x lnh).

1 .  Hy nu  bn  cht dng in  trong cht kh.  M t s ph  thuc ca cng  dng in  vo hiu

in  th.

2.  Hy nu  cch to ra tia la in  v nguyn nhn hnh  thnh tia la in.

3.  Hy m t cch to ra h quang in,  nu  cc c im chnh  v ng dng  ca h quang in.

4.  Hy m t qu trnh  phng in  trong  cht kh  p sut thp.

1 . Chn cu  ng.

A.  Dng in  trong cht kh l dng cc ion.

B.  Dng in  trong cht kh tun  theo nh  lut m.

C.  Dng in  trong  cht kh l dng dch  chuyn c hng ca cc ion  dng theo chiu  in  trng

v cc ion  m,  lectron  ngc chiu  in  trng.

D.  Cng  dng in  trong  cht kh  p sut bnh  thng tng ln  khi  h iu  in  th tng.

bi tp

cu hi
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2. Bn cht dng  in  trong kim loi  khc vi  bn  cht dng in  trong  chn  khng  v trong cht kh

nh th no ?

A.  Dng in  trong kim loi  l dng d ch  chuyn c hng ca cc lectron.  Cn dng  in  trong

chn khng  v trong  cht kh u  l dng dch  chuyn  c hng ca cc ion  dng v ion  m.  

B.  Dng in trong kim loi  v trong chn khng u l dng dch chuyn c hng ca cc lectron.

Cn dng in  trong cht kh l dng d ch  chuyn c hng ca cc lectron,  ca cc ion  dng

v ion  m.

C.  Dng in  trong kim loi  l dng dch  chuyn c hng ca cc lectron.  Dng in  trong chn

khng l dng  dch  chuyn c hng ca cc ion  dng v ion  m.  Cn dng  in  trong  cht kh

l dng  dch  chuyn  c hng ca cc lectron,  ca cc ion  dng v ion  m.

D.  Dng  in  trong kim loi  cng nh trong chn  khng  v trong cht kh u  l dng dch  chuyn

c hng ca cc lectron.

3. Chn phng n  ng.

Dng dch  chuyn c hng ca cc ion  l bn  cht ca dng  in  trong mi  trng :

A.  Kim loi. B.  Cht in  phn.  C.  Cht kh. D.  Chn khng.

St l s phng in  xy ra gia cc phn tch  in  ca nhng m my dng hoc gia

m my dng v mt t.  Theo nhiu  nh nghin  cu,  m my dng c tch  in  l do

cc in  tch  b  phn tch ra khi  cc ht nc v ht bng trong  m my dng c xt vo

nhau,  sau   ch  yu  do i  lu  m cc in  tch  dng dn ht v pha nh  m my cn

cc phn  tch  in  m v phn chn m my.  Hai  min  in  tch  khc du ca m my

dng ging nh hai  bn  ca mt t  in  khng l.  Khng kh  gia chng l cht cch  in,

lc u  ngn khng cho cc in  tch  chy li  gp nhau  v nng dn hiu  in  th gia hai

cc ca bn t  in.  Gia phn chn m my dng v mt t tch  in  (do hng ng  tnh

in)  cng  l mt t  in  vi  khng kh cch in  nm gia hai  bn  t.  Khi  hiu  in  th gia

hai  bn  t  in    ln   nh thng cht in  mi  (khng kh)  gia hai  bn,  th c tia la

(st)  phng qua.

c bit,  c mt dng st cn rt b him i  vi  con  ngi.   l st hn,  c hnh vi

cc k l thng.  N xut hin  t ngt di  dng nhng qu cu  la bay l lng trong khng

trung,  c khi  n chui  lun  vo bn  trong  qun  o ca ngi  gp n,  ri  thot ra ngoi,

Em c bit ?
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khng gy mt vt bng da no v bin mt sau  khi  pht n,  c lc,  li  nh b  ht  vo

nhng vt kim loi  nh si  dy thp cng trn cao hoc ng khi  nh my.. .  Nh bc hc Nga

Ka-pt-xa (c tng gii  N-ben v Vt l  nm 1 978)   xy dng mt l  thuyt v st hn,

theo  th st hn c hnh  thnh bi  cc sng ng in  t trong  cht plasma.  Tuy nhin,

l thuyt ny vn cha c cng nhn v cn  nhiu  vn  cn c lm sng t thm.

Hnh 22.12 Fran-klin (Benjamin Franklin,  1706  1790,
nh khoa hc M) ang lm th nghim v in trong
kh quyn.  ng l ngi  sng ch ra ct chng st.
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1 . Tnh cht in ca bn dn

a) Bn dn in hnh v c dng ph bin nht
l silic (Si).  Ngoi ra,  cn c cc bn dn n cht
khc nh Ge, Se,  cc bn dn hp cht nh GaAs,
CdTe, ZnS.. . ,  nhiu xit,  sunfua, slenua, telurua.. .
v mt s cht plime.

b) Bn dn c nhng tnh cht khc bit so vi
kim loi.  

 in tr sut ca bn dn c gi tr trung gian
gia kim loi v in mi (Hnh 23.1 ).

 in tr sut ca bn dn tinh khit gim mnh
khi nhit  tng (Hnh 23.2).  Do   nhit 
thp, bn dn dn in rt km (ging nh in
mi),  cn  nhit  cao,  bn dn dn in kh tt
(ging nh kim loi).

 Tnh cht in ca bn dn ph thuc rt mnh
vo cc tp cht c mt trong tinh th.

2. S dn in ca bn dn tinh khit 

 Ta hy xt trng hp bn dn in hnh l Si.
Nu trong mng tinh th ch c mt loi nguyn t
l Si,  th ta gi  l bn dn tinh khit.

Silic l nguyn t c ho tr 4,  tc l lp lectron

ngoi cng ca nguyn t Si c bn lectron

(Hnh 23.3).  Trong tinh th,  mi nguyn t Si lin

kt vi bn nguyn t ln cn thng qua cc lin kt

Hnh 23.1 in tr sut ca kim loi,
bn dn,  in mi.

Hnh 23.2 in tr sut ca kim loi

v bn dn tinh khit ph thuc khc
nhau vo nhit .

nh bn trnh by cc linh kin
bn dn :  it,  tranzito, vi mch...
Chng c mt trong mi thit b
in t dng trong i sng v
trong khoa hc, k thut. 

Do nhng tnh cht c bit nh
th no m cht bn dn (bn dn)
c s dng rng ri nh vy ?

Dng in trong cht bn dn
2323
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cng ho tr.  Nh vy,  xung quanh mi nguyn t Si

c tm lectron,  to thnh lp lectron y

(Hnh 23.4).  Do ,  lin kt gia cc nguyn t

trong tinh th Si rt bn vng.  

 nhit  thp, gn 0 K, cc lectron ho tr

gn b cht ch vi cc nguyn t  nt mng.

Do , trong tinh th khng c ht ti in t do,

bn dn Si khng dn in.

nhit  tng i cao,  nh dao ng nhit ca

cc nguyn t,  mt s lectron ho tr thu thm

nng lng v c gii phng khi cc lin kt,  tr

thnh cc lectron t do. Chng c th tham gia vo

s dn in ging nh lectron dn trong kim loi.

Trong bi ny, lectron t do c gi l lectron.

ng thi,  khi mt lectron bt khi lin kt,  th

mt lin kt b trng xut hin.  Ngi ta gi n l

l trng.  L trng mang mt in tch nguyn t
dng,  v lin kt thiu lectron.  Mt lectron  mi

lin kt gn  c th chuyn n lp y lin kt

b trng, v to thnh l trng  v tr khc,  tc l l

trng cng c th dch chuyn trong tinh th.

Vy,  nhit  cao,  c s pht sinh ra cc cp

lectron  l trng (Hnh 23.5).

Bn cnh   lun xy ra qu trnh ti hp

lectron  l trng, trong  mt lectron t do chim

mt mi lin kt b trng v tr li thnh lectron
lin kt.  Qu trnh ny lm mt i ng thi mt

lectron t do v mt l trng (mt cp lectron 

l trng).  mt nhit  xc nh, c s cn bng

gia qu trnh pht sinh v qu trnh ti hp.  

 Khi c in trng t vo,  lectron chuyn

ng ngc chiu in trng, l trng chuyn

ng thun chiu in trng, gy nn dng in

trong bn dn.

Hnh 23.3 Nguyn t Si c bn
lectron ho tr.

gia l ht nhn, xung quanh

l cc lp lectron bn trong.  Ngoi

cng l bn lectron ho tr.

Hnh 23.4 Trong tinh th Si  nhit
 rt thp,  khng c ht mang in
t do.

Mi on thng biu th mt

lin kt gia hai nguyn t,  do mt

lectron thc hin.

Hnh 23.5 Trong tinh th Si  nhit
 tng i cao,  c s pht sinh
cp lectron  l trng.

Hnh trn mu xanh biu th
lectron t do, vng trn rng biu th
l trng.



1 1 6

Vy, dng in trong bn dn l dng chuyn di

c hng ca cc lectron v l trng.

bn dn tinh khit,  s lectron v s l trng

bng nhau. Ni chnh xc hn, trong bn dn tinh

khit,  mt  lectron v mt  l trng bng nhau.

S dn in trong trng hp ny gi l s dn in

ring ca bn dn.  Bn dn tinh khit cn c gi

l bn dn loi i.

 Nhit  cng cao th s lectron v l trng

cng ln.  Do ,   dn in ca bn dn tinh khit

tng khi nhit  tng.

nhit  phng, bn dn Si tinh khit dn in

km, v c rt t lectron t do v l trng.

Ngi ta ng dng s ph thuc mnh ca in

tr bn dn vo nhit   lm nhit in tr bn

dn.   l dng c gm mt mu bn dn ni vi

hai dy dn.  Nhit in tr c dng  o nhit

,  iu chnh v khng ch nhit .

 Cp lectron l trng cn pht sinh khi ta

chiu nh sng c bc sng thch hp vo bn dn.

Do ,  in tr sut ca bn dn gim khi c nh

sng thch hp chiu vo.   l hin tng quang

dn.  Hin tng ny c ng dng  lm quang

in tr bn dn (Hnh 23.6) ;  in tr ca n gim

khi cng  nh sng chiu vo tng.

3. S dn in ca bn dn c tp cht

Nu bn dn Si c pha tp cht,  tc l ngoi cc

nguyn t Si,  cn c cc nguyn t khc,  th tnh

dn in ca bn dn thay i rt nhiu.  Ch cn

mt lng rt nh tp cht (vi t l vi phn triu),

 dn in ca bn dn c th tng hng vn, hng

triu ln.  Khi ,  cng vi s dn in ring, cn c

s dn in do tp cht.  

Gii  thch  v sao in  tr

sut ca kim loi  v bn dn li

ph  thuc vo nhit  theo

cch  khc nhau,  nh thy 

Hnh 23.2.

Hnh 23.6 Quang in tr bn dn.

C1
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a) Bn dn loi n

Gi s trong mng tinh th Si c ln mt
nguyn t phtpho (P).  Nguyn t P c nm lectron
 lp ngoi (Hnh 23.7a), trong  bn lectron tham
gia lin kt cng ho tr vi cc nguyn t Si  xung
quanh.  lectron cn li lin kt yu vi nguyn t P,
nn ngay  nhit  thp, n  c th d dng bt
khi nguyn t P v tr thnh lectron t do (Hnh
23.7b).  Nguyn t P tr thnh mt ion dng, nm ti
nt mng.  

Nh vy, tp cht P  to nn thm cc lectron
dn, m khng lm tng thm s l trng. Do , bn
dn Si pha P c s lectron dn nhiu hn s l trng,
tc l mt  lectron ln hn mt  l trng. Ta gi
lectron l ht ti in c bn hay a s, l trng l
ht ti in khng c bn hay thiu s.  Bn dn nh
vy c gi l bn dn lectron hay bn dn loi n.

b) Bn dn loi p

Nu tp cht l nguyn t ho tr 3  nh bo (B)
(Hnh 23.8a),  th cn thiu mt lectron  to
thnh lin kt gia nguyn t B vi bn nguyn t
Si ln cn.  Mt lectron  lin kt gn  c th
chuyn n lp y lin kt ny v to thnh l
trng.  Cn nguyn t B th tr thnh mt ion m
nm  nt mng (Hnh 23.8b).  

Tp cht B pha vo bn dn Si  to thm l
trng, lm cho s l trng nhiu hn s lectron dn,
tc l mt  l trng ln hn mt  lectron.  L
trng l ht ti in c bn (hay a s),  lectron l
ht ti in khng c bn (hay thiu s).   l bn
dn l trng hay bn dn loi p.

Nu ta pha hai loi tp cht,  chng hn c P v B,
vo bn dn Si,  th bn dn ny c th l loi p hay
loi n, tu theo t l gia hai lng tp cht.

Nh vy, bng cch chn loi tp cht v nng
 tp cht pha vo bn dn, ngi ta c th to ra
bn dn thuc loi mong mun v c tnh dn in
mong mun.  y chnh l mt tnh cht rt c bit
ca bn dn, khin cho n c nhiu ng dng.

Hnh 23.7 Tp cht P to thm
lectron t do.

Hnh 23.8 Tp cht B to thm
l trng.
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4. Lp chuyn tip p-n

a) S hnh thnh lp chuyn tip p-n

Lp chuyn tip p-n c hnh thnh khi ta cho
hai mu bn dn khc loi,  loi p v loi n, tip xc
vi nhau (xem Hnh 23.9).  

Khi c s tip xc,  l trng v lectron khuch
tn t mu p sang mu n v ngc li.  Tuy nhin,  do
 bn dn p,  l trng l ht ti in a s,  nn dng
khuch tn t bn dn p sang n ch yu l dng l
trng.  L trng t p sang n ti hp vi lectron t
do.  Do ,   pha bn dn n gn mt phn cch hai
mu bn dn, khng cn ht ti in t do na.  
 ch c cc ion tp cht mang in dng.  Tng
t, t pha n sang pha p,  dng khuch tn ch yu
l lectron.  Pha p,  gn mt phn cch hai mu, c
cc ion tp cht mang in m.

Kt qu ca s khuch tn l  mt phn cch
gia hai mu bn dn, bn pha bn dn n c mt
lp in tch dng, bn pha bn dn p c mt lp
in tch m.  Ti  xut hin mt in trng
trong , hng t pha n sang p,  c tc dng ngn
cn s khuch tn cc ht mang in a s (v thc
y s khuch tn cc ht thiu s).  Cng  ca
in trng tng dn, lm cho dng khuch tn
cc ht ti in a s gim dn.  S khuch tn dng
li khi cng  in trng ny t gi tr n nh.
Ta ni rng  ch tip xc hai loi bn dn  hnh
thnh lp chuyn tip p-n. Lp chuyn tip c in
tr ln,  v   hu nh khng c ht ti in t do.

b) Dng in qua lp chuyn tip p-n

Ta mc hai u ca mu bn dn c lp chuyn
tip p-n vo mt ngun in c hiu in th U,  sao
cho cc dng ca ngun ni vi bn dn p,  cc m
ni vi bn dn n, nh trn Hnh 23.10.

in trng ngoi do ngun in gy ra

ngc chiu vi in trng trong ca lp
chuyn tip,  lm yu in trng trong.  Do ,

tE
nE

tE

tE

Hnh 23.9 S hnh thnh lp chuyn
tip p-n.

Trong thc t,  lp chuyn tip
p-n c to thnh khi ngi ta pha
cc tp cht mt cch thch hp vo
cc phn khc nhau ca mt mu
bn dn.

Lp ny cn c gi l lp
ngho ht ti in,  hay gi tt l
lp ngho.



Hnh 23.10 Lp chuyn tip p-n mc
vo ngun in theo chiu thun.

in trng ngoi ngc

chiu vi in trng trong .  

Dng in thun (Ith)  c cng 
ln chy t p sang n.

Hnh 23.11 Lp chuyn tip p-n mc
vo ngun in theo chiu ngc.

in trng ngoi cng chiu

vi in trng trong .  Dng in

ngc c cng  rt nh, chy

t n sang p.

Hnh 23.12 c tuyn vn-ampe
ca lp chuyn tip p-n.

Dng in thun c cng 
ln v tng nhanh theo hiu in th
thun.  Dng in ngc rt nh v t
ph thuc hiu in th.

Ing

1 1 9

dng chuyn di ca cc ht ti in a s c
tng cng, gy nn dng in I c cng  ln
chy theo chiu t bn dn p sang bn dn n.  l
dng in thun,  c gy nn bi hiu in th
thun ca ngun in.  Dng ny tng nhanh khi
hiu in th U tng.  y l trng hp lp chuyn
tip p-n mc theo chiu thun, cn gi l lp
chuyn tip p-n c phn cc thun.

Nh vy,  khi lp chuyn tip c phn cc
thun, cc ht ti in a s  hai pha u i n
lp chuyn tip v vt qua lp ny,  gy nn s
phun l trng vo bn dn loi n, v phun lectron
vo bn dn loi p.

Ta i cc ca ngun in mc vo mu bn
dn, tc l mc cc dng vo bn dn n, cc m
vo bn dn p (Hnh 23.11 ).  

in trng ngoi cng chiu vi in trng

trong .  V th, chuyn di ca cc ht ti in a s

hon ton b ngn cn.  Qua lp chuyn tip,  ch c

dng cc ht ti in thiu s,  gy nn dng in I
chy t pha n sang pha p,  c cng  nh v hu
nh khng thay i khi ta tng hiu in thU.  
l dng in ngc,  do hiu in th ngc ca
ngun gy nn.  y l trng hp lp chuyn tip
p-n mc theo chiu ngc (hay phn cc ngc).

Nh vy, dng in qua lp chuyn tip p-n
mc theo chiu thun (t p sang n)  c cng  ln,
dng in qua lp chuyn tip p-n mc theo chiu
ngc c cng  rt nh.  Lp chuyn tip p-n dn
in tt theo mt chiu,  t p sang n.  Lp chuyn tip
p-n c tnh cht chnh lu.

c) c tuyn vn-ampe ca lp chuyn tip p-n

Kho st s bin thin ca cng  dng in
theo hiu in th,  c th thu c ng c trng
vn-ampe, cn gi l c tuyn vn-ampe, ca lp
chuyn tip p-n nh trn Hnh 23.12.

Tnh cht ca lp chuyn tip p-n c ng dng
trong nhiu dng c bn dn nh it,  tranzito.. .
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1 .  Hy nu  s khc nhau  v tnh  cht in  gia kim loi  v bn  dn  tinh  khit.

2.  C nhng loi  bn  dn  no ? Trong  mi  loi  bn  dn  ,  cc ht ti  in  l nhng loi  no,  c s
lng ra sao v c to thnh nh th no ? 

3.  Hy gii  thch  s hnh  thnh lp chuyn tip p-n.  V sao ta ni  lp chuyn  tip p-n c tnh  cht
chnh lu  ? 

4. Hy gii  thch  hnh  dng ca ng c trng vn-ampe ca lp chuyn tip p-n.

1 . Tm cu  ng.

A.  Trong  bn  dn,  mt  lectron  lun  lun  bng  mt  l trng.

B.  Nhit  cng  cao,  bn  dn  dn in  cng  tt.

C.  Bn dn loi  p tch  in  dng,  v mt  l trng  ln  hn  mt  lectron.

D.  Bn dn  c in  tr sut cao hn kim loi,  v trong bn  dn  c hai  loi  ht ti  in  tri  du,  cn
trong kim loi  ch c mt loi.

2. Chn cu  ng.

A.  in  tr ca lp chuyn tip p-n l nh,  khi  lp chuyn tip c mc vo ngun in  theo
chiu ngc.

B.  Nhit  cng  cao,  tnh  chnh  lu  ca lp chuyn  tip p-n cng km.

C.  Khi  lp chuyn  tip p-n c hnh  thnh  th lun  c dng  in  chy theo chiu  t bn  dn loi
p sang bn dn loi  n,  do s khuch tn  ca cc ht ti  in  c bn mnh  hn  so vi  s
khuch tn ca cc ht ti  in  khng c bn.

D.  Khi  lp chuyn tip p-n c hnh  thnh  th lun  c dng  in  t bn  dn  loi  n sang bn dn
loi  p,  do in  trng trong  lp chuyn tip thc y chuyn ng ca cc ht ti  in  thiu s.

3.   nhit  phng,  trong  bn dn Si  tinh  khit,  s cp lectron   l trng bng  1 0 -1 3 s nguyn t
Si.  Nu ta pha P vo Si  vi  t l mt phn triu,  th s ht ti  in  tng ln  bao nhiu ln  ? 

bi tp

cu hi
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1 . it

it l cc linh kin bn dn hai cc,  trong  c
mt lp chuyn tip p-n.

a) it chnh lu

it chnh lu dng  chnh lu dng in xoay
chiu.  N hot ng trn c s tnh cht chnh lu
ca lp chuyn tip p-n.  it bn dn c k hiu
nh trn Hnh 24.1 .

Hnh 24.2 l s  chnh lu mt na chu k
dng it.  Mch gm mt it chnh lu D mc ni
tip vi in tr ti R.

Khi mt hiu in th xoay chiu c t vo
mch, th dng in ch chy qua mch  na chu k
m lp chuyn tip p-n c mc theo chiu thun,
tc l in th pha bn dn loi p cao hn in th
pha bn dn loi n.  Dng in chy qua in tr ti
theo chiu mi tn.

na chu k sau,  it c mc theo chiu
ngc.  Dng in chy trong mch l rt nh v c
th b qua.  V vy,  dng in qua in tr ti trn
thc t ch chy theo mt chiu (t trn xung di,
Hnh 24.2),  v  mi chu k ca dng in xoay
chiu,  dng in ch chy qua R trong mt na
chu k.

Hnh 24.1 K hiu it bn dn.

Pha tri l bn dn loi p,  pha
phi l loi n.  nh ca tam gic
hng sang phi ch chiu ca dng
in thun qua lp chuyn tip,  t p
sang n.

Hy nu  mt th nghim n

gin  minh ho tnh  cht chnh

lu  ca mt it bn dn.

Hnh 24.2 Mch chnh lu mt na

chu k dng it bn dn.

C1

Hnh bn l nh mt ngi nh c cp in bng nhng
tm pin mt tri ch to t bn dn silic. Mt phn in
nng c tch vo acquy  s dng ban m hoc khi
khng c nng. 

Nhng tm pin mt tri tng t cn c s dng trn
cc trm v tr. 

linh kin bn dn 
2424
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b) Phtit

nh sng c bc sng thch hp chiu vo lp
chuyn tip p-n to thm cc cp lectron 
l trng.  Do ,  nu it mc vo hiu in th
ngc, th dng ngc qua lp chuyn tip p-n tng
ln r rt khi c nh sng.  nh sng cng mnh th
cng  dng ngc cng ln.  Ngi ta ng dng
iu ny  ch to ra phtit,  dng lm cm
bin nh sng (Hnh 24.3).

Phtit bin i tn hiu nh sng thnh tn
hiu in,  do  n l mt loi dng c khng th
thiu trong thng tin quang hc,  trong k thut t
ng ho.. .

c)  Pin mt tri

Khi nh sng lm pht sinh cc cp lectron 
l trng  lp chuyn tip p-n,  th in trng trong

ti y c tc dng y cc l trng sang pha
bn dn p v cc lectron sang pha bn dn n. Gia
hai u ca it c mt hiu in th.   chnh l
sut in ng quang in.  Nu ta ng mch it
(ni hai u it,  pha p v n)  bng mt in tr,  th
trong mch c dng in.  it c chiu sng tr
thnh mt ngun in,  vi pha p l cc dng, pha
n l cc m.   l pin quang in.  

Hin nay cc tm pin quang in lm bng Si
c dng rng ri  chuyn nng lng nh sng
mt tri thnh in.   l nhng pin mt tri (xem
nh u bi).

d) it pht quang

Nu it c ch to t nhng vt liu bn dn
thch hp, th khi dng in thun chy qua it,  
lp chuyn tip p-n c nh sng pht ra.   l it
pht quang.  Mu sc ca nh sng pht ra tu thuc
cc bn dn dng lm it v cch pha tp cht vo
cc bn dn .  it pht quang c dng lm cc
b hin th (Hnh 24.4),  n bo,  lm cc mn hnh
qung co v lm ngun sng.

tE

Hnh 24.3 Phtit mc trong mch.

Phtit c k hiu  bng it
c hai  mi  tn  (tng trng cho tia
sng)  hng vo.  Khi  nh  sng c
cng  bin thin  chiu  vo it,
th cng  dng in  ngc qua
it cng bin thin.  Trn in  tr ti
R,  c hiu  in  th bin thin  theo
cng  nh sng.

it pht quang cn c gi l
LED, vit tt ca Light Emitting
Diode.

Hnh 24.4 Dng c hin th bng it
pht quang.
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Laze bn dn cng hot ng trn c s s pht
quang  lp chuyn tip p-n.  

e)  Pin nhit in bn dn

 Cp nhit in lm t hai thanh bn dn khc
loi (n v p) c th c h s nhit in ng T ln
hn hng trm ln so vi  cp nhit in kim loi
(xem Bi 18).  Do  cc pin nhit in dng trong
thc t u c lm bng bn dn (nh BiTe, BiSe...).

 dy cc cp nhit in lm t nhng thanh
bn dn loi n v loi p xen k nhau, ngi ta cn
quan st thy rt r hin tng nhit in ngc, tc
l khi cho dng in chy qua mt dy nh vy,  th
cc mi hn hoc l nng ln hoc l lnh i ;  cc
mi hn nng v lnh xen k nhau.  Hin tng ny
c ng dng  ch to cc thit b lm lnh gn,
nh, hiu qu cao dng trong khoa hc, y hc...  

2. Tranzito

a) Cu to

Tranzito l mt dng c bn dn c hai lp
chuyn tip p-n.  Tranzito c to thnh t mt mu
bn dn, trn  bng cch khuch tn cc tp cht,
ngi ta to thnh ba khu vc bn dn, theo th t l
p-n-p hoc n-p-n.  Khu vc  gia c chiu dy rt
nh (vi micrmt) v c mt  ht ti in thp.

Hnh 24.5a m t cu to ca mt tranzito p-n-p.
Ba cc ca tranzito c ni vi ba khu vc, v c
gi l cc pht E (hay mit), cc gc B (hay baz)
v cc gp C (hay colect).  Trong cc s  mch
in t, tranzito p-n-p v n-p-n c k hiu nh trn
Hnh 24.5b v c.

b) Hot ng 

  tranzito lm vic c, ngi ta mc n vo
mch nh trn Hnh 24.6.  Ngun in E1 (khong
trn di mt vn) lm cho lp chuyn tip E  B
c phn cc thun.  Ngun in E2 ln hn E1 t
nm n mi ln,  lm cho lp chuyn tip B  C
c phn cc ngc.

Hnh 24.5 Tranzito.

a) Cu to tranzito p-n-p ;  b)  K hiu
tranzito p-n-p.
c)  K hiu  tranzito n-p-n.

T cu to ca tranzito nh

trn Hnh  24.5,  c th coi  n nh

l hai  it mc chung nhau  mt

u c khng ?

Hnh 24.6 S  nguyn l mch
khuch i dng tranzito p-n-p.

C2
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 V lp chuyn tip E  B c phn cc thun, nn c s

phun ht ti qua lp chuyn tip,  to nn dng in IE.  Tuy

nhin, dng IE ch yu l dng l trng t E sang B,  cn phn

do dng lectron t B sang E l khng ng k,  v lp bn dn

n ca cc B c mt  ht ti in rt thp.  Mt khc,  do lp

bn dn n ca cc B c  dy rt nh, nn phn ln s l

trng t cc E vt qua lp B chy sang lp chuyn tip B  C.

Ti y,  l trng c cun qua lp chuyn tip bi in

trng phn cc ngc, gy nn dng IC.  Ch mt phn rt nh

ca IE chy ra cc B,  gy nn dng IB.  Do  v

 Nu c mt tn hiu lm cho hiu in th gia

cc E v cc B bin thin mt lng UBE,  th dng

IE v IB cng bin thin,  lm cho dng IC cng bin

thin theo.  in tr R mc trong mch ca cc C c

gi tr kh ln,  thng l vi kilm.  V vy,  s bin

thin IC gy nn gia hai u ca R mt bin thin

hiu in th UC = IC.R = .IB.R ln hn UBE

nhiu ln.  Ta ni rng bin thin hiu in th UBE

c khuch i trong mch tranzito.

 Mi quan h gia cc gi tr cng  dng

in v cc hiu in th trong mch c th hin

qua cc c tuyn,  m t s ph thuc ln nhau gia

hai i lng khi cc i lng cn li c gi tr xc

nh.  Trn Hnh 24.7 l v d  h c tuyn ra biu

din s ph thuc ca cng  dng IC vo hiu

in th UCE vi cc gi tr khc nhau ca IB.  T h

c tuyn, c th xc nh c cc thng s

ca mch.

Khi dng IB = 0,  tranzito  trng thi ngt.  

Khi dng IB c gi tr ln v IC t gi tr cc i,

tranzito  trng thi bo ho.

B EI I

Hnh 24.7 H c tuyn ra ca
tranzito n-p-n.

Ch cn IB c gi tr nh (20 A),
th dng IC cng  c gi tr ng
k (khong 2,5  mA).  IC tng nhanh
khi IB tng.

.  T s gi l h s khuch i dng in.

 thng c gi tr t vi chc n vi trm.

 =
C

B

I

I
C EI I
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1 . Hy nu  tn  cc l inh  kin  bn dn m em bit.

2.  Quang in  tr v phtit u  c th dng lm cm bin  nh  sng.  Hy so snh hot ng  ca

hai  loi  cm bin  ny.

3.  Hy nu  cc l inh  kin  bn  dn  hot ng trn  c s lp chuyn tip p-n v gii  thch  hot ng

ca chng.

4.  Hy v s  mch khuch i  dng tranzito n-p-n v gii  thch  tc dng  ca n.

1 . Chn cu  sai.

A.  Vi  cng  mt hiu  in  th ngc t vo mt it chnh  lu,  cng  dng  in  ngc tng

khi  nhit  tng.

B.  C th dng  it pht quang   lm th nghim minh  ho tnh  chnh  lu  ca it.

C.  Phtit c th to ra dng  in,  nu  lp chuyn  tip p-n ca n c chiu  bng nh  sng

thch  hp,  khi  hai  cc ca phtit c ni  vi  mt in tr.

D.  C th thay th mt tranzito n-p-n bng hai  it mc chung  pha bn dn loi  p.  

Vi mch khuch i

Cc loi  tranzito c mt vi  s lng ln  trong hu  nh mi  thit b  in  t.  Chng c

u im l tiu  th  t nng lng,  hiu  sut cao,  dng  ngun in  c hiu  in  th thp,  bn

vng c hc,  thi  gian  s dng di,  c th ch to chng vi  kch  thc rt b.

H in  nay,  cng  ngh bn  dn  cho php ch to trn  cng  mt phin  bn  dn  nhiu
tranzito,  cng vi  nhiu  l inh  kin  khc nh it,  in  tr,  t  in. . .  to nn cc mch in t

tch hp,  c kch  thc rt nh,  thng gi  l mch vi in t hay vi mch.  

Mt loi  mch vi  in  t thng dng gi  l mch khuch i  thut ton (KTT).  Mch

ny gm nhiu  tng khuch i  dng tranzito mc l in  tip nhau,  v  th h s khuch i

Em c bit ?

bi tp

cu hi
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ca mch rt ln,  c th c gi tr  n hng trm nghn.

Vi  mch c t trong v nha v ni  ra ngoi  qua cc

chn dn in  bng kim loi.

Trn Hnh  24.8 l k hiu  ca mch KTT vi  cc

chn ch  yu.

Tn  hiu  c a vo mt trong hai  li  vo,  v ly ra

 li  ra.  Hot ng ca KTT ph thuc vo cc thng

s c trng ca bn thn KTT v c ca mch in

bn ngoi  mc vi  n.

Nu khng c phn t no ni  li  ra vi  li  vo o

(),  th ch cn  tn  hiu   li  vo c in  th rt nh,

mch  bo ho,  ngha l in  th  li  ra c gi tr

bng in  th ca ngun in  ( hoc ).  Trong

trng hp ny,  KTT c s dng lm mch so snh.

Mun cho mch c tc dng  khuch i tuyn tnh,

ngha l tn  hiu   li  ra t l vi  tn  hiu   li  vo,  ngi

ta ni  li  ra vi  li  vo o ()  bng cc in  tr,  nh trn

Hnh 24.9.  Mch gm R1 v R2 mc nh vy gi  l mch

hi tip.  Nu mt tn  hiu  bin thin  c a vo li  vo

o (),  th tn  hiu  ra ngc pha vi  tn  hiu vo.

Bng cch la chn cc phn t mc trong mch hi

tip,  ngi  ta c th s dng KTT vi  cc chc nng

khc nh khuch i  lc la,  pht tn  hiu  tun hon,

sa dng tn  hiu,  lc tn  hiu,  hoc thc hin  cc php

tnh  ton i  s trn  cc tn  hiu  (t  mch c tn  l

khuch i  thut ton).

U-
cU+

c

Hnh 24.8 Vi mch KTT.

v l cc in  th ca

ngun in  (thng cao hn 1 0 V),

Uv- l in  th  li  vo o (),  Uv+

l in  th  li  vo khng o (+),

Ura l  in  th  li  ra.

Hnh 24.9 S  khuch i dng
KTT.  

Cc in  tr R1 v R2 lp thnh
mch hi  tip.  H s khuch i  ca

mch ny l .  Du

tr cho thy tn  h iu   li  ra  ngc
pha vi  tn  h iu   li  vo.  Cc in
th c xc nh  so vi  t (k
h iu  l ).

ra 2

v 1

U R
K

U R
= = 



cU
+

cU
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Th�c hnh  :
Kho st c tnh chnh lu
ca It bn dn v c tnh
khuch i  ca tranzito2525

1 .  Mc ch 

 Bng thc nghim thy c c tnh chnh lu dng in ca it bn dn v
c tnh khuch i ca tranzito.

 Vn dng kin thc l thuyt v dng in trong bn dn, gii thch c kt qu
thc nghim.

 Tip cn vi mt vi gii php v k thut in t trong thc t.

 Cng c k nng s dng dng c o in nh vn k,  ampe k,  bc u lm
quen vi dao ng k in t (tht hoc o).

2. C s l thuyt

 Dng in trong bn dn.

 c tnh dn in ca it.

 c tnh dn in ca tranzito,  cc dng in IE,  IB,  IC .

 Khi nim v dng in xoay chiu.

 lp 9 ta  bit s lc v dng in xoay chiu.                                            

"Khi cho cun dy dn kn quay trong t trng
ca nam chm, hoc cho nam chm quay trc cun
dy,  th trong cun dy c th xut hin dng in
cm ng xoay chiu".

 Nu cun dy quay u,  ta s c mt dng in
xoay chiu m hiu in th ca n bin thin theo
dng sin ;  nu mch kn th cng s c cng 
dng in dng sin (Hnh 25.1 ).

 Dng in xoay chiu dn dng  nc ta c cc thng s sau :

+ Tn s 50 Hz.  (Gi tr ny cho bit dng in bin thin tun hon 50 ln trong
mt giy).

+ in p hiu dng 220 V.  (Gi tr ny cho bit tc dng to nhit ca dng
in xoay chiu ny tng ng vi tc dng to nhit ca mt dng in khng
i 220 V).

+ Bin  c 310 V (gi tr tc thi ln nht  Umax).

Hnh 25.1.  th dng in xoay chiu.
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3. Phng n th nghim

a) Kho st c tnh chnh lu ca it bn dn 

Phng n 1  :  Dng vn k v ampe k

 Dng c th nghim

 Mt it chnh lu c th thay bng n LED.
 Mt b pin 3  V (hoc ngun in a nng).
 Mt bin tr c 50 .
 Mt in tr 10 /2 W.
 Mt vn k.
 Mt miliampe k.
 Mt ngt in.

 Tin trnh th nghim

 Kim tra dng c.
 Lp s  mch in theo s  Hnh 25.2.

 Dch chuyn con chy ca bin tr  bin i in p.
Quan st s ch ca vn k v miliampe k.

 o ngc cc ca pin v lp li thao tc nh trn.

 Ghi cc cp gi tr ca U v I ng vi mi bc chuyn ca
U l 0,4 V  c hai giai on U > 0 v U < 0.

 Lp bng cc s liu U,  I.

 V  th trn giy k  milimt.

Phng n 2  :  Dng dao ng k in t

 Dng c th nghim 
 Mt it bn dn chnh lu.
 Hai in tr 2 k cng sut nh c 0,5  W.
 Mt dao ng k in t hai chm tia (Hnh 25.3).

Hnh 25.3 Dao ng k in t.

Hnh 25.2
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 Mt my pht dao ng (Hnh 25.4) hoc ngun in xoay
chiu 6V  1A.   

Hnh 25.4 My pht dao ng.

 Mt ngt in v cc dy ni.

 Giy v  th.

 Tin trnh th nghim

 Kim tra dng c.

 V s  mch in Hnh 25.5.

 Lp mch in theo s ,  kim tra trc khi ng mch.  

 iu chnh my pht dao ng  c dao ng hnh sin
tn s 50 Hz,  bin  5  V (xem thm ph lc 1 ),  hoc dng
ngun in xoay chiu 6 V.

 Dng dao ng k in t  quan st cng mt lc  th
dng in  trc v sau it.

Hnh 25.5 S  kho st c tnh chnh lu ca it.
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Ch  iu chnh my  c  th ca 2  3  chu k,  n nh v d
c cc gi tr trn mn (xem thm Ph lc 1 ).

 Ghi kt qu.  

 V  th U = f(t)  ca dng in  trc v sau it theo kt qu
trn mn dao ng k (nn dng giy c  milimt).

 Xc nh gn ng gi tr ca U trc v sau chnh lu.  

 Nhn xt v  gim th trn it.

b) Kho st c tnh khuch i ca tranzito

Chn mt trong hai phng n

Phng n 1 :  Dng dao ng k in t

 Dng c th nghim

 Mt tranzito n-p-n (c th dng tranzito p-n-p nhng phi mc
ngun in ngc li).

 Dao ng k in t hai chm tia.

 My pht dao ng.

 Cc in tr 5  k,  1 50 k,  3  k.

 Mt t in 1  F.

 B pin 6 V hoc b ngun DC c iu chnh.

 Hai ngt in K1 ,  K2.

 Cc dy ni.

 Tin trnh th nghim
 Kim tra cc dng c (xem thm Ph lc 1 ).
 Mc mch in theo s  cc pht chung (Hnh 25.6).  

Hnh 25.6 S  kho st c tnh khuch i dao ng in ca tranzito.

 iu chnh my pht dao ng  c dao ng hnh sin,  2 kHz,
bin  0,1  V.

 iu chnh dao ng k  c tn s qut c 400 Hz.
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Chm hai que o ca dao ng k vo im y1 v y2 ri iu chnh
dao ng k  c hai ng  th n nh ca khong 5  6 chu k.

 Quan st  th ca tn hiu  trc (y1)  v sau tranzito (y2).

 Thay i bin  ca my pht dao ng, quan st s thay i
ca hai  th.

 Ngt K1 ,  ng K2,  quan st  th trn mn, sau  li ng K1
v quan st tip.  

 Ghi kt qu.

 V trn giy  milimt  th ca tn hiu trc v sau tranzito.
Ch  cc trc v nh lng cc gi tr theo cc  trn mn hnh.

 Xc nh gn ng  khuch i ca mch bng cch lp t s gia
bin  ca tn hiu  li vo y1 vi bin  ca tn hiu  li ra y2.

 Nhn xt s thay i ca  khuch i khi tn hiu vo thay i
v bin  v khi khng c tn hiu vo.

Phng n 2 :  Dng bng n ch th

 Dng c th nghim

 Mt tranzito n-p-n (c th dng tranzito p-n-p,  nhng phi mc
ngun in ngc li).

 Hai bng n cng sut rt nh c 100 mW ;  60 mA (c th thay
th bng hai n LED phn cc thun).

 Mt in tr c 100  200 k.

 Hai ngt in.

 B pin 6 V hoc b ngun DC.

 Cc dy ni.

 Tin trnh th nghim

 Kim tra dng c.
 Mc mch in theo s  (Hnh 25.7) theo mch cc pht chung.

Hnh 25.7 S  kho st c tnh khuch i ca tranzito.
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 Quan st cc n khi  :
 ng K1 ,  ngt K2.
 ng K1 ,  ng K2.

 Ghi kt qu.  

 V s  mch in trong khi K1 ,  K2 u ng.
 Phn tch chiu dng in chy qua cc linh kin,  ch r

IE ,  IB , IC.
 Quan st cc bng n, c tnh v  ln v v tng quan

gia IB v IC.

4. Bo co th nghim

Trnh by c hai ni dung it v tranzito,  mi ni dung u
c 5  mc.

a) Mc ch th nghim.

b) C s l thuyt.

c)  Tin trnh th nghim.

d) Kt qu th nghim :  lp bng s liu,  v  th.

e)  Nhn xt v kt qu th nghim.

1 .  Khi  lm th nghim v it ta thy  th  U(t)   trc v sau it c s chnh lch v gi tr  cc i,
hy d on  nguyn nhn v gii  thch.  Ta c th da vo s chnh lch    tm ra  gim in
th trn  it c khng,  ti  sao ?

2.  Mt bn  khi  lm th nghim v tranzito theo phng n  2   lp ngc cc ca ngun in  E.  Hy
d on xem n 2 c sng khng,  ti  sao ?

1 .  Chn cu  ng.
Qua th nghim v it,  mt s bn c phn on  v tr  s in  tr ca it nh sau  :
A.  Khng i,  nh dy dn  kim loi.
B.  Bin  i  theo hiu  in  th.
C.  Lun tng theo hiu  in  th.
D.  Lun gim theo hiu  in  th.

2.  Chn cu  ng.

Ngi  ta mc hai  n  LED vi  ngun in  nh Hnh  25.8.  
Khi  ng K th :
A.  D1 sng,  D2 tt.
B.  D1 tt,  D2 sng.
C.  D1 ,  D2 u  tt.
D.  D1 ,  D2 u  sng.

bi tp

cu hi

Hnh 25.8



1 33

1 .  Dng in trong kim loi

 Cc tnh  cht in  ca kim loi  c th gii  thch  c da trn  s c mt ca cc
lectron  t do trong kim loi.  Dng in  trong kim loi  l dng dch  chuyn c hng
ca cc lectron t do.

 Trong chuyn ng,  cc lectron  t do lun  lun "va chm" vi  cc ch mt trt t
ca mng tinh  th v truyn mt phn  ng nng cho mng tinh  th.  S va chm
ny l nguyn nhn gy ra in  tr ca dy dn kim loi  v gy ra tc dng nhit.
in  tr sut ca kim loi  tng  theo nhit .

 Hin tng to thnh sut in  ng nhit in  trong mt mch in  kn  gm hai
vt dn khc nhau  khi  gi hai  mi  hn  hai  nhit  khc nhau l hin  tng
nhit in.

 Hin tng khi  nhit  h xung di  mt nhit  Tc no ,  in  tr ca kim
loi  (hay hp kim)  gim t ngt n gi tr  bng khng,  l hin tng siu dn.

2.  Dng in trong cht in phn

 Dng in  trong cht in  phn  l dng dch  chuyn c hng ca cc ion  dng
(v catt)  v ion  m (v ant).  Cc ion  trong cht in  phn xut hin  l do s phn
l i  ca cc phn  t cht tan  trong dung mi.

Khi  n cc in  cc th cc ion  s trao i  lectron vi  cc in  cc,  to thnh
nguyn t hay phn t trung ho ri  c gii  phng ra  ,  hoc tham gia cc
phn ng ph.  Mt trong cc phn ng ph  l phn ng dng cc tan,  phn ng
ny xy ra trong cc bnh  in  phn c ant l kim loi  m mui  ca n c mt trong
dung dch  in  phn.

 nh lut I v II Fa-ra-y v in phn

Khi  lng m ca cht c gii  phng ra  cc in  cc t l vi  ng lng gam

ca cht  v vi  in  lng q i  qua dung dch  in  phn.

Cng thc ca nh  lut Fa-ra-y :

F  96 500 C/mol

1 A
m t

F n
= I

A
n

m tt chng III

TT
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3.  Dng in trong chn khng

Dng in  trong chn  khng l dng chuyn di  c hng ca cc lectron bt ra
t catt b  nung nng do tc dng ca in  trng.  c im ca dng in  trong
chn khng l n ch chy theo mt chiu  nht nh  t ant sang catt.

Tia catt l dng lectron pht ra t catt.

4.  Dng in trong cht kh

 Dng in  trong cht kh l dng dch  chuyn c hng ca cc ion  dng v catt,
cc ion  m v lectron v ant.

Khi  cng  in  trng trong cht kh cn yu,  mun c cc ion  v lectron  dn
in  trong cht kh cn phi  c tc nhn  ion  ho (ngn la,  tia la in. . . )  (phng
in  khng t lc).  Cn khi  cng  in  trng trong cht kh   mnh th c xy
ra s ion  ho do va chm lm cho s in  tch  t do (ion  v lectron)  trong cht kh
tng vt ln  (phng in  t lc).

S ph  thuc ca cng  dng in  trong cht kh vo hiu  in  th gia ant v
catt c dng phc tp,  khng tun  theo nh  lut m (tr hiu  in  th rt thp).

 Tia la in  v h quang in  l hai  dng phng in  trong khng kh  iu
kin thng.

C ch pht sinh  ca tia la in  l s ion  ho do va chm khi  cng  in  trng
trong khng kh ln  hn 3.1 06 V/m.

 Khi  p sut trong cht kh ch cn  vo khong t 1  n 0,01  mmHg,  trong ng
phng in  c s phng in  thnh min :  ngay  phn  mt catt c min ti  catt,
phn cn li  ca ng cho n ant l ct sng ant.

Khi  p sut trong ng gim di  1 0 3 mmHg th min  ti  catt s chim ton b ng,
lc  ta c tia catt.  

5.  Dng in trong cht bn dn

 Dng in trong bn dn l dng dch chuyn c hng ca cc lectron t do v
l trng.

 Tu theo loi  tp cht pha vo bn dn tinh  khit,  m bn dn thuc mt trong hai
loi  l bn dn loi n v bn  dn  loi p.  Dng in  trong bn  dn loi n ch yu l
dng lectron,  cn trong bn dn loi  p ch  yu  l dng cc l trng.

Lp chuyn tip p-n c tnh  cht chnh lu.  Dng in  i  qua lp chuyn tip ch  yu
theo chiu  t p sang n.
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CHNG IV

T trng

Chng ny trnh  by nhng vn  v lc t tc dng  ln  mt
on dng in  thng,  lc t tc dng ln  mt ht mang in
chuyn ng (lc Lo-ren-x),  quy tc bn  tay tri  xc nh  chiu
ca lc t,  t trng ca dng in  thng,  dng  in  trn,
dng in  trong ng  dy v cc quy tc xc nh  chiu  ca cc
ng sc t trong cc trng hp ni  trn.

My gia tc xicltrn ti trng i hc Rt-gi (M).



-xtt

(Hans Christian Oersted,
1777  1851,  nh vt l ngi 

an Mch)

Hnh 26.1 Th nghim v tng tc
gia nam chm vi nam chm.

Hnh 26.2 Th nghim -xtt.

Dy dn nm theo hng Bc  Nam.
ng nt t biu  th  v  tr kim nam
chm trc khi  cho dng in  qua
dy dn.

1 . Tng tc t

a) Cc ca nam chm 

Cc nam chm m ta thng gp c hai cc,  mt

cc gi l cc Bc,  k hiu l N,  cc kia gi l cc

Nam, k hiu l S.  Trong thc t,  ta cn gp nhng

nam chm c s cc ln hn 2.  Nhng khng c

nam chm no m s cc l mt s l.  

b) Th nghim v tng tc t

 a hai cc cng tn ca hai nam chm li gn
nhau th chng y nhau (Hnh 26.1a),  hai cc khc
tn gn nhau th chng ht nhau (Hnh 26.1b)(1 ).

 Th nghim -xtt

Nm 1820, -xtt  lm mt th nghim c
m t nh trn Hnh 26.2.  

Th nghim  cho thy dng in cng tc dng
lc ln nam chm.  

Th nghim -xtt c  ngha quan trng c
bit,  n ch ra rng dng in v nam chm c mi
lin h cht ch.

 B tr th nghim nh trn Hnh 26.3.

Th nghim ny cho thy hai dng in cng
tng tc vi nhau.

Tng tc gia nam chm vi nam chm,

gia dng in vi nam chm v gia dng in

vi dng in u gi l tng tc t. Lc tng

tc trong cc trng hp  gi l lc t.
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(1 )  Trong sch ny ta quy c  cc hnh v :  cc Nam (S)  ca nam
chm mu nht,  cc Bc (N)  mu m.

a)

b)



2. T trng 

a) Khi nim t trng

Mt kim nam chm nh  gn mt thanh nam
chm hay mt dng in,  th c lc t tc dng ln
kim nam chm.  Ta ni,  xung quanh thanh nam
chm hay xung quanh dng in c t trng.

b)  in tch chuyn ng v t trng

Xung quanh dng in c t trng.  Nhng
dng in l do s chuyn ng c hng ca 
cc in tch to thnh.  V vy c th suy ra l t
trng ca dng in thc cht l t trng ca cc
in tch chuyn ng to thnh dng in .  

Hin nay l thuyt v thc nghim  chng t rng
xung quanh in tch chuyn ng c t trng.

c)  Tnh cht c bn ca t trng 

Tnh cht c bn ca t trng l n gy ra lc
t tc dng ln mt nam chm hay mt dng
in t trong n.

Kim nam chm nh dng  pht hin t trng
c gi l nam chm th.

d) Cm ng t

 c trng cho t trng v mt gy ra lc t,

ta a vo mt i lng vect gi l cm ng t v

k hiu l .  Khi nam chm th nm cn bng 

cc im khc nhau trong t trng th ni chung

n nh hng theo cc phng khc nhau.  iu 

gi  ta coi phng ca nam chm th nm cn

bng ti mt im trong t trng l phng ca

vect cm ng t ca t trng ti im .

Ta quy c ly chiu t cc Nam sang cc Bc

ca nam chm th l chiu ca .

Xt mt on dng in ngn c t ti hai
im khc nhau trong t trng.  Ta tha nhn rng
lc t tc dng ln on dng in  im no ln
hn th cm ng t ti im  ln hn.

B

B

B

Hnh 26.3 Tng tc gia hai
dng in.
a)  Hai  dy dn khi  cha c dng
in.  b)  Hai  dng in  cng chiu,
hai  dy ht nhau.  c)  Hai  dng in
ngc chiu,  hai  dy y nhau.

Ta  bit xung quanh mt in
tch c in trng.  Vy xung quanh
mt in tch chuyn ng va c
in trng, va c t trng.

Hnh 26.4 Hai nam chm trn y
nhau.

Hy ch ra cc cc ca cc
nam chm trong Hnh  26.4.

Coi  kim nam chm trong
cc th nghim  Hnh  26.1 ,  26.2
l nam chm th.  Hy ni  r
phng v chiu  ca vect cm
ng t ti  im t kim nam
chm  cc hnh  .

B

C2

C1
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a)

b)

c)

Hnh 26.5 ng sc t ca mt s

nam chm.

3. ng sc t

a) nh ngha

Ta v mt ng trong t trng sao cho khi mt
nam chm th nm cn bng ti im bt k ca
ng, th n nm trn tip tuyn vi ng va v
ti im ang xt.  Ngoi ra,  ta quy c ly chiu t
cc Nam sang cc Bc ca nam chm th l chiu
ca ng .  ng va v sau khi  xc nh
chiu theo quy c trn gi l ng sc t.

Vy :  

ng sc t l ng c v trong t trng sao
cho tip tuyn ti bt k im no trn ng cng
trng vi phng ca vect cm ng t ti im .

Tuy nhin,  tng t nh ng sc in,  ng
sc t cng c coi l ng c chiu xc nh.

Hnh 26.5a,  b,  c v cc ng sc t ca mt
nam chm v ng sc t ca t trng gia hai
cc ca hai thanh nam chm t gn nhau.

b) Cc tnh cht ca ng sc t

Cc ng sc t c nhng tnh cht sau :  

Ti mi im trong t trng,  c th v c
mt ng sc t i qua v ch mt m thi.

Cc ng sc t l nhng ng cong kn.

Do , ngi ta ni t trng l mt trng xoy.

Trong trng hp nam chm,  ngoi nam chm
cc ng sc t i ra t cc Bc,  i vo  cc Nam
ca nam chm.

Ni no cm ng t ln hn th cc ng sc
t   v mau hn (dy hn),  ni no cm ng t
nh hn th cc ng sc t   v tha hn.

c) T ph

Dng mt st rc u ln mt tm knh t trn
nam chm, g nh tm knh ta nhn c t ph
ca nam chm.  Hnh 26.6 l t ph ca mt s
nam chm.

1 38
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Cc hnh 26.6a,  b,  c l t ph ca mt thanh nam
chm v t ph ca t trng gia hai cc ca hai
thanh nam chm t gn nhau.

ng sc t v trong cc hnh 26.5a,  b,  c tng
ng vi cc t ph .

4. T trng u

Mt t trng m cm ng t ti mi im
u bng nhau gi l t trng u.

Theo tnh cht ca ng sc t,  ta suy ra cc
ng sc ca t trng u l cc ng thng
song song v cch u nhau.

Hnh 26.7 cho bit t ph ca mt nam chm
hnh ch U.  Cc ng mt st  gia hai cc ca
nam chm hnh ch U l cc ng gn nh song
song vi nhau v cch nhau kh u.  T ,  ta c
th coi t trng trong khong gia hai cc ca nam
chm hnh ch U l t trng u.  ng sc ca
t trng ny c v trn Hnh 26.8.

Hnh 26.7 T ph ca nam chm hnh ch U.  

a)

b)

c)

Hnh 26.6 T ph ca mt s
nam chm.

C th coi  cc ng mt
st trong t ph  Hnh  26.6 l
cc ng sc t c khng ?

Hnh 26.8 ng sc t ca nam
chm hnh ch U.  Trong khong
gia hai cc,  cc ng sc t song
song vi nhau v cch u nhau.  

C3



1 .  Hy nu  mt th nghim chng t rng  xung quanh  dng in  c t trng.  

2.  Hy nu  c tnh  c bn  ca t trng.  

3.  Hy trnh  by cch to ra t ph.  

4.  ng sc t l g ?   mau hay tha ca cc ng sc t ti  mt ni  c l in  h nh th no vi
cm ng  t ti  ni   ? 

5.  Hy nu  tnh  cht ca cc ng sc t.  

6.  T trng u  l g ?  Khi  v cc ng sc ca t trng u  c g cn  ch   ? 

1 . Chn cu  sai .

A.  Tng tc gia dng in  vi  dng in  l tng tc t.

B.  Cm ng  t c trng cho t trng v mt gy ra lc t.

C.  Xung  quanh  mt in  tch  ng yn c in  trng v t trng.

D.  Ta ch c th v c mt ng sc t i  qua mi  im trong t trng.

2. Hy ch ra ng , sai trong  cc cu  sau.

A.  Cc ng mt st ca t ph cho bit dng cc ng sc t.

B.  Cc ng sc ca t trng u  c th l cc ng cong cch u  nhau.

C.  Ni  chung cc ng sc in  th khng  kn,  cn  cc ng sc t l cc
ng cong  kn.

D.  Mt ht mang in  chuyn ng theo qu o trn  trong t trng th qu
o  l mt ng sc t ca t trng.

Theo truyn thuyt th do tnh  c ngi  ta pht hin  ra mt loi   c th ht c st.
Ni  pht hin  ra loi    l vng  ni  Ma-nh-di-a  ng Bc Hi  Lp.  Do  ngi  ta gi
tn  loi    l magnit.  Vo thi  k    ht c st l iu  ht sc k l.  V th  c
bit bao nhiu  chuyn huyn b v c thn b gn  vi  magnit.  Ngy nay ngi  ta bit loi  
 l xit st.  

Theo ti  l iu  c chng ta bit rng,  ngi  chu  u   bit dng la bn  t rt sm.  Trong
mt ti  l iu  xut bn vo cui  th k XI I  c vit rng,   thi  k  nhng ngi  i  bin   dng
mt chic kim lun  lun ch v hng Bc  gip h xc nh  phng hng.

Tuy nhin,  c nhiu  ngi  cho rng ngi  Trung Quc bit dng la bn   tm phng
hng cn sm hn nhiu,  c th l t th k V,  thm ch cn c th l t trc cng nguyn.
Tn gi  "nam chm" trong ting  Vit l mt t Hn  Vit c ngha l kim ch phng Nam.

Em c bit ?

bi tp

cu hi

1 40

ng        Sai



1 41

Tu bin  Ya-ma-t,
con tu  th nghim dng lc t.

Hnh 27.1 Th nghim v lc t tc
dng ln on dy dn AB c dng
in chy qua.

1.  Nam chm in ;

2.  Khung dy ; 3.  ng sc t ;
4. Lc k ; 5.  B phn hm.

Trong hnh khng v cc dy ni
 a dng in vo khung dy
ABCD.

1 . Th nghim xc nh lc t tc dng ln
dng in

B tr th nghim nh  Hnh 27.1 .

Trong th nghim, dng mt nam chm in hnh
ch U.  Mt phng khung dy c t vung gc
vi ng sc t ca nam chm.  Cnh AB ca
khung nm ngang v ch va chm vo khong
khng gian gia hai cc ca nam chm hnh ch U.

2. Phng ca lc t tc dng ln dng in

Cho dng in chy qua khung dy c chiu nh
trn Hnh 27.1  th khung b ko xung.  

Vy th nghim cho bit khi  c lc t tc dng
ln on dy dn AB c dng in chy qua (gi tt
l on dng in AB).

Quan st khung dy ta thy khung vn  t th
thng ng.

iu  cho thy phng ca lc t tc dng ln
AB l phng thng ng,  l phng vung gc
vi on dng in AB v c vi ng sc t.  

Nhiu th nghim khc cng rt ra kt lun
nh trn.

Vy, lc t tc dng ln on dng in c
phng vung gc vi mt phng cha on dng
in v cm ng t ti im kho st.

3. Chiu ca lc t tc dng ln dng in

T chiu ca lc t,  chiu ca dng in v chiu
ca ng sc t nh trn Hnh 27.1 ,  c th xc
nh chiu ca lc t theo quy tc bn tay tri.

Lc m t trng tc dng ln nam chm hay ln dng

in u gi l lc t. Trong bi ny ta s kho st phng

v chiu ca lc t tc dng ln dng in. 

Lc t tc dng ln dng in cn c gi l lc Am-pe.

phng v chiu ca lc t
tc dng ln dng in2727
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t bn tay tri sao cho cc ng sc t m

xuyn vo lng bn tay,  chiu t c tay n cc

ngn tay trng vi chiu dng in,  th ngn ci

choi ra 90o ch chiu ca lc t tc dng ln

dng in (Hnh 27.2).

1 .  Dng quy tc bn  tay tri  xc nh  chiu  lc t tc dng ln  cc cnh  BC v AD  th nghim trn
Hnh  27.1  (ch   rng,  nu  ta h khung dy xung su  hn,  mt phng khung vn vung  gc vi
ng sc t).  

2.  Trong th nghim nh Hnh  27.1 ,  chiu  ca lc t tc dng ln  AB thay i  th no nu 

a)  i  chiu  ca dng in  trong  AB ?

b)  i  chiu  dng in  trong  cun dy ca nam chm in   i  chiu  ng sc t ?

c)  ng thi  va i  chiu  ca dng in  trong  AB va i  chiu  dng  in  trong cun dy ca
nam chm in  ? 

1 .  Chn cu  ng.

Hnh  27.3 m t on dy dn AB v lc t tc dng  ln  on dy 
u nm trong mt phng hnh  v.  Chiu  ca lc t v chiu  ca dng
in   c ch r trong hnh  v,  t  ta suy ra :

bi tp

cu hi

Hy nu  mt cch pht biu
khc v phng ca lc t tc
dng ln  on  dng in.

Ch  rng, lc m in trng
tc dng ln in tch th cng

phng vi ,  cn lc t tc dng

ln dng in hay ln mt in tch

chuyn ng (s ni n  Bi 32) th

vung gc vi vect cm ng t

Hnh 27.2 Quy tc bn tay tri.



.B

E

E

C1

Hnh 27.3
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A.  ng sc t nm trong mt phng  hnh  v c chiu  t tri  sang phi.

B.  ng sc t nm trong mt phng  hnh  v c chiu  t phi  sang  tri.

C.  ng sc t vung gc vi  mt phng  hnh  v v hng t trc ra sau.

D.  ng sc t vung gc vi  mt phng  hnh  v v hng t sau  ra trc.

2. Chn cu  ng.

t bn  tay tri  cho cc ng sc t xuyn  vo lng bn tay,  ngn ci  choi  ra 90o ch chiu  dng
in  th chiu  ca lc t tc dng  ln  dng in

A.  theo chiu  t c tay n bn  ngn tay.

B.  ngc vi  chiu  t c tay n  bn  ngn tay.

C.  cng  chiu  vi  ngn tay ci  choi  ra.

D.  ngc chiu  vi  ngn  tay ci  choi  ra.

Con tu  bin  Ya-ma-t trn  hnh   u  bi  ny l con tu  th nghim,  hot ng ca n

da vo phn lc gy ra bi  lc t.  N c hai  tm kim loi  t dc theo thn tu  v chm

trong nc bin.  Hai  tm kim loi  ny c ni  vo mt ngun in.  Do  c dng in  chy

t tm ny sang tm kia.  Dng in  ny chy trong t trng ca nhng nam chm in  rt

mnh t bn  trong tu.  T trng c phng thng ng  cho lc t tc dng ln  dng

in,  cng l tc dng ln  nc bin,  to ra dng nc bin  chy dc theo thn tu  ra pha

sau.  Do ,  phn lc y tu  chuyn ng ln  pha trc.

Em c bit ?
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Thit b th nghim xc nh lc t.

Bng 28.1

Bng 28.2

Trn y ta mi ni v phng, chiu ca vect cm ng

t v ca lc t. Trong bi ny ta s ni v  ln ca

cm ng t v ca lc t tc dng ln dng in.

1 . Cm ng t

a) Th nghim

Ta vn dng thit b th nghim nh  nu trn

Hnh 27.1 .  Gi l gc hp bi dng in (on

dy AB)  v ng sc t,  l l chiu di on dng

in v I l cng  dng in trong on dy AB.

Ln lt thc hin ba th nghim sau.

 Th nghim 1 .  Gi nguyn gc = 90o v chiu

di l = 4 cm ca on dy AB ;  thay i cng 

dng in qua on dy  (cng  dng in

qua AB bng cng  dng in qua mi vng dy

nhn vi s vng dy ca khung).  Mi ln thay i

cng  dng in,  ta ghi li  ln ca lc t tc

dng ln AB.

Kt qu ca th nghim c ghi trn Bng 28.1 .  

 Th nghim 2 .  Gi nguyn gc = 90o v

cng  dng in  I = 120 A ;  thay i chiu di

ca on AB.  Ta cng ghi li  ln ca lc t

tng ng.  

Kt qu ca th nghim c ghi trn Bng 28.2.

 Th nghim 3. Gi nguyn cng  dng in

I = 300 A v chiu di on dy AB l = 2 cm ;

thay i gc .  

Cm ng t
nh lut Am-pe2828

= 90o ;  l = 4 cm

Ln th
nghim

I (A) F(N)
I

F

1 0,60.1 0 0,08 0,001

2 1 ,20.1 0 0,1 6 0,001 3

3 1 ,80.1 0 0,24 0,001 3

4 2,40.1 0 0,32 0,001 3

= 90o ;  I = 1 20 A

Ln th
nghim

l (cm) F(N)
F

l

1 2 0,08 0,04

2 4 0,1 6 0,04

3 8 0,32 0,04

2

2

2

2
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Bng 28.3

Mt s gi tr  cm ng t
trong thc t

 T trng  ca Tri  t  gn  mt t :

 5.1 05 T

 Bn trong vng dy Hem-hn(1 ),  bn

knh  1 0 cm,  cng  dng  in  1  A,  t
trong  khng  kh :  9.1 06 T

 Gn cc mt nam chm nh :   1 02 T

 Trong my gia tc xicltrn :  1 ,5 T

 Trong nam chm siu dn :   8 T

Da vo cc s l iu trong

Bng 28.1  hay Bng 28.2,  hy

c lng xem cm ng t ca

nam chm in dng trong th

nghim khong bao nhiu tesla ?

 Cm ng t ( )  l i lng

vect nhng do thi quen ngi ta

cng gi B l cm ng t.

 Cm ng t nhiu khi vn c

ni vn tt l t trng.

B

C1

Mi ln thay i gc ,  ta cng ghi li  ln

ca lc t.  Kt qu ca th nghim c ghi trn

Bng 28.3.

b) Nhn xt

T kt qu ca th nghim, ta rt ra nhn xt l

trong phm vi sai s ca php o,  cc thng s

 Bng 28.1 ,  Bng 28.2 v  Bng 28.3

l cc hng s.  iu  c ngha l  ln ca lc
t F tc dng ln on dng in AB va t l vi
cng  dng in I qua AB,  va t l vi chiu di
l ca on dng in  v cng va t l vi sin.

Nhn xt va nu cho php ta vit c h thc

F = BIlsin,   y B l h s t l.  Ni cch khc,

vi mt nam chm nht nh th thng s 

= B c gi tr khng i.

c)   ln ca cm ng t

Thay i cng  dng in qua nam chm

in th i lng B c nhng gi tr khc nhau.  V

vy, ngi ta ly i lng B lm i lng c

trng cho t trng v phng din tc dng lc.  

Ngi ta gi i lng B l  ln ca cm ng

t ca t trng ti im kho st.  

(28.1 )

Trong h SI,  n v ca cm ng t l tesla,  k

hiu l T.

2. nh lut Am-pe 

Trong thc t ta thng gp trng hp cn xc

nh lc t tc dng ln on dng in t trong t

sin
F

B
Il 

=

sin
F

Il 

sin
FF

l

F

I

(1 )  Vng dy Hem-hn gm hai khung
dy trn bng nhau c t ng trc
i din nhau, hai mt phng khung
song song vi nhau.  Khong cch gia
tm hai khung bng bn knh ca khung.
Hai khung c ni vi nhau sao cho
dng in trong hai khung cng chiu.
Khi ,  t trng  khu vc gn trung
im ng ni hai khung dy c coi
l t trng u.

I = 300 A ;  l = 2 cm

Ln th
nghim 

(o)
F(N)

sin
F



1 30 0,1 0 0,20

2 45 0,1 4 0,20

3 60 0,1 7 0,20

4 90 0,20 0,20
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trng u hay c th coi l u.  Khi  ta coi B l

i lng  bit.  T cng thc 28.1  rt ra :

(28.2)

Ta nhc li mt ln na rng  l gc hp bi

on dng in v vect (Hnh 28.1 ).  

 l cng thc ca nh lut Am-pe(1 ) v lc t

tc dng ln mt dng in.

3. Nguyn l chng cht t trng

Gi s ta c h n nam chm (hay dng in).

Ti im M, cm ng t ch ca nam chm th

nht l ,  ch ca nam chm th hai l ,. . . ,

ch ca nam chm th n l .  Gi l t

trng ca h ti M th :  

(28.3)

Ch  rng, v phi l tng cc vect 1 2, , . . .B B

= + + +B B B B1 2 n. . .

BnB

2B1B

B

sinF BIl =

Hnh 28.1 on dng in hp vi

ng sc t mt gc .

(1 )  C sch gi l nh lut La-pla-x.

1 .  Hy nu  cng thc nh  ngha  ln  cm ng  t.

2.  Hy nu  cng thc nh  lut Am-pe.  

1 .  Chn cu  sai .

Lc t tc dng  ln  mt on dy c dng in  t trong  t trng u  t l vi  

A.  cng  dng in  trong on dy.

B.  chiu  di  ca on dy.

bi tp

cu hi
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C.  gc hp bi  on dy v ng sc t.

D.  cm ng t ti  im t on dy.

2. Chn phng n  ng.

Mt on dng in  nm song song vi  ng sc t v c chiu  ngc vi  chiu  ca ng sc
t.  Gi  F l lc t tc dng ln  on dng in   th :

A.  F  0.

B.  F = 0.  

C.  F cn tu thuc chiu  di  ca on dng in.

D.  C ba phng n  trn  u  sai.

3.  Gp i  on dy dn  MN c chiu  di  l mang dng in

thnh on  dy kp c chiu  di (Hnh  28.2)  v t

trong t trng u.  Hi  lc t tc dng  ln  on dy  c
ph  thuc vo chiu  di  ca on  dy v cng  dng
in  I trong  on dy  khng  ? Gii  thch.  

4.  Mt on  dy dn  di  5 cm t trong t trng u  v vung  gc vi  vect cm ng  t.  Dng in
qua dy c cng  0,75 A.  Lc t tc dng ln  on  dy  l 3.1 0 3 N.  Xc nh  cm ng t
ca t trng.  

5.   on  dng in  MN t trong  t trng u  nh Hnh  28.3.
on dng  in  v cc ng sc t u  nm trong mt
phng  hnh  v.  Cho bit cm ng t bng  0,5 T,  MN di
6 cm v cng  dng in  qua MN bng 5 A.  

a)  Hy dng  cc k hiu  hay  ch chiu  ca lc t tc dng ln  on  dng in  MN.  

b)  Tnh  gc hp bi  MN v vect cm ng t.  Cho bit lc t tc dng  ln  on dng  in  bng
0,075 N.

2
l

Hnh 28.3

Hnh 28.2
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Hnh 29.1 T ph ca dng in thng.

Hnh 29.2 Hnh dng v chiu ca
ng sc t ca dng in thng.

Hnh 29.3 

1 . T trng ca dng in thng
Ta gi dng in chy trong dy dn thng di

v hn l dng in thng.

a) Th nghim v t ph

Xuyn mt dy dn t thng ng qua mt t
ba t nm ngang.  Cho dng in qua dy dn.  Rc
mt st v g nh ln t ba,  ta thu c t ph ca
dng in thng trn t ba (Hnh 29.1 ).  

b) Cc ng sc t 

Dng ca cc ng sc t

T Hnh 29.1  ta thy cc ng mt st trn t
ba l cc ng trn ng tm.  Tm ca cc
ng mt st l giao im ca t ba v dy dn.  

T nhn xt trn,  c th suy ra rng cc ng
sc t ca dng in thng l cc ng trn ng
tm nm trong mt phng vung gc vi dng in.
Tm ca cc ng sc t l giao im ca mt
phng v dy dn.

Chiu ca cc ng sc t

Dng nam chm th t trn ng sc t,  ta bit
c chiu ca ng sc t (Hnh 29.2).

  n chiu ca ng sc t v chiu ca
dng in trn Hnh 29.2,  ta thy c th xc nh
chiu ca cc ng sc t theo quy tc nm tay
phi sau y.

Gi ngn ci ca bn tay phi hng theo
chiu dng in,  khum bn ngn kia xung quanh
dy dn th chiu t c tay n cc ngn l chiu
ca ng sc t (Hnh 29.3).  

Xung quanh dng in c t trng. S phn b cc
vect cm ng t ca t trng ph thuc vo dng cc
mch in. Sau y ta ch xt t trng ca dng in trong
mt s mch c dng n gin.

T trng ca mt s 
dng in c dng n gin2929
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c)  Cng thc tnh cm ng t

Ngi ta chng minh rng, cm ng t ca dng
in thng t trong khng kh c tnh theo cng
thc sau :

(29.1 )

r l khong cch t im kho st n dng in.

2. T trng ca dng in trn

Ta gi dng in chy trong dy dn un thnh
vng trn l dng in trn.

a) Th nghim v t ph

Cho vng dy nm trong mt phng thng ng
xuyn qua t ba nm trong mt phng nm ngang,
v cha tm dng in.  Dng phng php rc mt
st ta thu c t ph ca dng in trn
(Hnh 29.5).

b) Cc ng sc t
Dng ca cc ng sc t

T t ph thu c trn Hnh 29.5  ta thy cc
ng sc t c th v nh trn Hnh 29.6.  

Chiu cc ng sc t

Nam chm th trn Hnh 29.6 cho bit chiu ca
cc ng sc t.

  n chiu dng in v chiu ca cc
ng sc t nh trn Hnh 29.6 ta thy c th xc
nh chiu ca cc ng sc t theo quy tc nm
tay phi nh sau :  

Khum bn tay phi theo vng dy ca khung
sao cho chiu t c tay n cc ngn tay trng vi
chiu dng in trong khung ;  ngn ci choi ra
ch chiu cc ng sc t xuyn qua mt phng
dng in (Hnh 29.7).  (Ta gi phn mt phng gii
hn bi dng in trong khung dy l mt phng
dng in hay mt phng khung dy).

c)  Cng thc tnh cm ng t 

Ngi ta  chng minh rng cm ng t  tm
ca dng in trn m khung dy gm N vng, t
trong khng kh,  c tnh theo cng thc sau :  

72.10
I

B
r



=

Ta cn c th xc nh chiu ca
ng sc t theo quy tc ci inh
c nh sau :

t ci inh c dc theo dy
dn.  Quay ci inh c sao cho n
tin theo chiu dng in,  th chiu
quay ca ci inh c l chiu ca
cc ng sc t (Hnh 29.4).

Hnh 29.4 Quy tc ci inh c 
(inh c thun).

Gi s  bit chiu  ca
ng sc t ca dng in
thng.  Hy nu  cch p dng
quy tc nm tay phi   xc nh
chiu dng in.

Hnh 29.5 T ph ca dng in trn.

Cng c th xc nh chiu ca
ng sc t theo quy tc ci inh c :

t ci inh c theo trc ca
khung dy.  Xoay ci inh c theo
chiu dng in trong khung dy,
th ci inh c tin theo chiu ca
ng sc t xuyn qua mt phng
dng in.

Hnh 29.6 Hnh dng v chiu ca
ng sc t ca dng in trn.  

C1

I

B



1 50

Hnh 29.7 Quy tc nm tay phi i vi
dng in trn.

Gi s  bit chiu ca ng
sc t ca dng in trn.  Hy nu
cch p dng quy tc nm tay phi
(hay quy tc ci  inh c)  xc nh
chiu ca dng in trong khung dy.

Hnh 29.8 T ph ca dng in trong
ng dy.

Bn trong  ng,  cc ng mt st
song  song  v cch  nhau  kh u.
T ph bn ngoi  ng  rt ging t ph
ca nam chm thng.

Hnh 29.9 Hnh dng v chiu cc ng
sc t bn trong v bn ngoi ng dy.

V cc vng dy trong ng dy c
qun theo cng mt chiu nn dng
in trong ng dy c th coi nh gm
nhiu dng in trn hp thnh.  V vy
vn c th dng quy tc nm tay phi 
xc nh chiu ca ng sc i vi
dng in bn trong ng dy.

Da vo quy tc nm tay phi
(hay quy tc ci  inh c) i  vi  dng
in trn hy pht biu quy tc xc
nh chiu dng in trong ng dy.

C3

C2

(29.2)

R l bn knh ca dng in,  I l cng  dng

in trong mt vng dy.

3. T trng ca dng in trong ng dy 

a) Th nghim v t ph 

Hnh 29.8  cho bit t ph ca dng in trong
ng dy.

b) Cc ng sc t

Dng cc ng sc t

Bn trong ng dy,  cc ng sc song song
vi trc ng dy v cch u nhau.  Nu ng dy
l  di (l d,  l l chiu di ng dy,  d l
ng knh ng dy),  th t trng bn trong ng
dy l t trng u.

Bn ngoi ng, dng v s phn b cc ng

sc t ging nh  mt nam chm thng

(Hnh 29.9).  

Chiu cc ng sc

Nam chm th trn Hnh 29.9 cho bit chiu
cc ng sc t.  Cc ng sc t i ra t mt
u v i vo  u kia ca ng ging nh mt
thanh nam chm thng.  Do  ta c th coi mt
ng dy mang dng in cng c hai cc,  u
ng m cc ng sc i ra l cc Bc,  u kia
l cc Nam.

c)  Cng thc tnh cm ng t 

Nu ng dy di t trong khng kh,  th cm
ng t bn trong ng dy c tnh theo cng
thc sau :  

(29.3)

n l s vng dy trn 1  mt chiu di ca ng.




=
74 .10B nI

72 10
NI

B
R



= 
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1 .  Cho mt im M nm gn dng  in  thng.  Hy v mt ng sc t i  qua M.  C th v c
bao nhiu  ng sc i  qua M ? 

2.  Hy v mt s ng sc t trong mt phng vung gc vi  dng in  trn  v i  qua tm dng
in  .  C nhn xt g v ng sc i  qua tm dng  in  ?

3.  Hy v mt s ng sc t trong mt phng cha trc ca ng dy mang dng in.  
4.  Hy v mt ng dy c dng in  chy qua,  cn  ch r chiu  ca dng  in  trong cc vng dy.

T  ghi  ch  r cc cc t ca ng dy.  

1 . Chn cu  ng.
ng sc t ca t trng gy ra bi
A.  dng  in  thng  l nhng ng thng song song  vi  dng in.
B.  dng  in  trn  l nhng ng trn.
C.  dng  in  trn  l nhng ng thng song  song v cch u  nhau.
D.  dng  in  trong ng dy i  ra t cc Bc,  i  vo t cc Nam ca ng dy .

2.  Chn  phng n  ng.

Hai  im M,  N gn dng in  thng di  m khong cch t M n dng in  ln  gp 2 ln  khong
cch t N n dng  in.  Nu gi  cm ng t gy ra bi  dng in   ti  M l BM ,  ti  N l BN th :

A. . B. . C. . D.

3.  Cho dng in cng  1  A chy trong dy dn thng.  Tnh cm ng t ti mt im cch dy dn 1 0 cm. 
4.  Ti  tm ca mt dng  in  trn  cng  I = 5 A ngi  ta o c cm ng  t B = 31 ,4.1 06 T.

Hi  ng knh  ca dng  in   ?
5.  Ngi  ta mun to ra t trng c cm ng t B = 250.1 05 T bn trong  mt ng dy.  Cng 

dng in  trong  mi  vng  dy l I = 2 A.  ng  dy di  50 cm.  Hi  phi  qun bao nhiu  vng dy ?

Nhn Hnh 29.1 0 ta thy c th phn bit hai  pha ca mt phng

dng in trn :  mt pha cc ng sc t i  vo mt phng dng in

v pha kia cc ng sc t i  ra.  Ngi ta gi  pha cc ng sc t

i  vo l mt Nam ca dng in trn,  pha kia l mt Bc (Hnh 29.1 0).

ng  mt pha nhn  vo dng in  nu thy chiu  dng in
cng chiu  quay ca kim ng h th pha  l mt Nam ;  ngc li
thy chiu  dng in  ngc chiu  quay ca kim ng h th pha 
l mt Bc ca dng in  trn.

Da vo nhng iu va ni,  hy nu cch xc nh tn cc ca ng dy mang dng in.

Em c bit ?

M N
1

.
4

=B B=M N4B B=M N
1
2

B B=M N2B B

bi tp

cu hi

Hnh 29.10
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Bi tp v t trng3030

Hnh 30.1

1 . t mt ng dy di sao cho trc ca n nm ngang v vung
gc vi thnh phn nm ngang ca t trng Tri t (B).  

a)  Cho dng in cng  I1 qua ng dy th cm ng t B1

trong ng dy ln gp ln B.

Hi khi  mt kim nam chm th trong ng dy nm cn
bng theo phng hp vi trc ng dy mt gc bng bao
nhiu ? Coi rng nam chm th nm cn bng trn mt phng
song song vi mt t.

b)  iu chnh  dng in qua ng dy thay i t I1 n
I2 = kI1 ,  sao cho kim nam chm th nm cn bng theo hng
ng Bc.  Hi k bng bao nhiu ?

Bi gii

a) Theo nguyn l chng cht t trng ta vit :

Di tc dng ca t trng tng hp, nam chm
th nm cn bng theo phng ca vect cm ng t
tng hp 

Gi gc hp bi phng ca v trc ng dy l
 (Hnh 30.1 )  th :

Suy ra  = 30o.

b)  Khi kim nam chm th ch hng ng Bc,  th gc hp
bi phng ca nam chm th nm cn bng v trc ng dy
bng 45o.  Do  cm ng t B2 trong ng dy bng B.  Vy :

Theo cng thc (29.3)  th :

1 1

2 2

B I

B I
=

1

2
3

B

B
=



1

3
tan

3

B

B
= =

B

.B

1 B B B= +

3
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T  ta rt ra :

2. Cho hai vng trn dy dn bn knh bng nhau v bng

R = 10 cm.  Vng dy th nht c dng in cng  I1 = 3  A,

vng dy th hai c dng in I2 = 4 A.  Vng dy th nht

t trong mt phng nm ngang, vng th hai t trong mt

phng thng ng, sao cho tm ca hai vng trng nhau nh

Hnh 30.2.  Hy tm phng, chiu v  ln ca vect cm ng

t ti tm O ca hai vng trn.  

Bi gii 

Cm ng t ti tm O do dng in I1 sinh ra l :  

B
1
= 2.107

Cm ng t ti tm O do dng in I2 sinh ra :

B
2
= 2.107

Vect cm ng t c phng thng ng, c chiu hng

t di ln trn,  cn c phng nm ngang v c chiu

hng ra pha trc mt phng dng in  I2 (tc pha trc mt 

phng Hnh 30.2).

Vect cm ng t ti O l tng ca v (Hnh 30.3).

Vy :

B = = = 3,14.105 T

Vect hng ra pha trc mt phng hnh v v hp

vi mt phng nm ngang gc .  T Hnh 30.3  ta suy ra 

tan = .  Do    37o.1

2

3
4

B

B
=

B

7
2 2
1 2

2 .10
I I

R




+
2 2
1 2B B+

2B1BB

2B

1B

2I

R

1I

R

3
3

k =

2 1
3
3

I I=

Hnh 30.2

Hnh 30.3
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3. Dng mt dy ng c ng knh d = 1 ,2 mm  qun

thnh mt ng dy di.  Dy c ph mt lp sn cch in

mng.  Cc vng dy c qun st nhau.  Khi cho dng in

qua ng dy ngi ta o c cm ng t trong ng dy l

B = 0,004 T.  Tnh hiu in thU t vo hai u ng dy.  Cho

bit dy di l = 60 m, in tr sut ca ng bng 1 ,76.10 8.m.  

Bi gii

Cm ng t trong ng dy di  c tnh theo cng thc
B = 4 .10 7nI.  

V c th b qua chiu dy ca lp sn cch in nn n = .

Gi R l in tr ca dy ng th I = .  Do  ta c :

B = 4 .10
7

ng thi ta c :  R = = .  Thay biu thc

ca R vo cng thc va vit ta c B = .  T 

suy ra :  

U = = = 3,5  V
8

7 2

1, 76.10 .60.0, 004

10 .(3,14) .0, 00127 210

lB

d





2 7.10
Ud

l




2

4l

d



l

S


U

R

1

d

U

R

1

d
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Hnh 31.1 Gii thch lc ht gia hai
dng in song song,  cng chiu.

l cm ng t ca t trng

do dng in MN sinh  ra.  l lc t

do t trng tc dng ln  on

dng in  CD.

p dng  quy tc nm tay
phi  v quy tc bn  tay tri ,  hy
ch ra rng hai  dng in  song
song,  ngc chiu  th y nhau.

C1

B

F


B

1 . Tng tc gia hai dng in thng
song song

a) Gii thch th nghim

Th nghim trong Bi 26 cho bit hai dng in

song song, cng chiu th ht nhau, ngc chiu th

y nhau.  

Ta s gii thch trng hp hai dng in ht

nhau.   y ta coi hai dy dn u c cng thng

v gi cht  hai u dy nh Hnh 31 .1 .  

Theo quy tc nm tay phi th cm ng t do

dng in MN gy ra ti im A c chiu hng ra

pha trc mt phng hnh v.  p dng quy tc bn

tay tri,  ta thy lc t tc dng ln CD c chiu

hng sang pha tri,  ngha l n b ht v pha

dng in MN.  

b) Cng thc tnh lc tng tc gia hai dng
in thng song song

Gi cng  dng in trong dy MN l I1 ,

trong dy PQ l I2 nh Hnh 31 .1 .  Theo cng thc

(29.1 )  th cm ng t ca dng I1 ti im A l :  

B = 2.107

Gi l l chiu di on CD ca dng in I2.  p

dng cng thc (28.2) ta vit c cng thc  ln

ca lc t tc dng ln on CD :



= =
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Tng tc gia hai  dng in thng
song song. nh ngha n v  ampe3131
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1 .  Hy nu  nhng iu  m em bit v lc tng tc t gia hai  dng in  thng song  song  cng
chiu,  ngc chiu  (phng,  chiu,   ln  ca lc).  

2.  Hy gii  thch  v lc ht gia hai  dng in  song song,  cng  chiu,  hay lc y gia hai  dng in
song song,  ngc chiu.

3.  Cho hai  dng in  thng song song,  vit cng  thc lc t tc dng trn  mi  n v  di  ca mi
dng in.

4.  Pht biu  nh  ngha n v  ampe.

1 .  Chn phng n  ng.

Khi  tng  ng thi  cng  dng  in  trong  c hai  dy dn  song song ln  3 ln  th lc t tc dng
ln  mt n  v  chiu  di  ca mi  dy tng ln  :

A.  3 ln. B.  6  ln. C.  9 ln. D.  1 2 ln.

bi tp

cu hi

(Ch  rng trong trng hp ang xt,  ta c

Chia c hai v cho l ta c cng thc xc nh  ln ca

lc t tc dng ln mt n v chiu di ca dy dn mang

dng in I2 :

(31 .1 )

Cng thc trn cng p dng c cho trng hp lc t tc dng

ln dng in I1 .  

2. nh ngha n v ampe 

Trong h SI,  ampe l mt trong nhng n v c bn.  n v

ny c nh ngha bng cch da vo cng thc (31 .1 ).  

Trong cng thc (31 .1 )  ly I1 = I2 = I.  Nu r = 1  m v 

F = 2.107 N th I2 = 1 .  T  suy ra I = 1  A.  

Vy, ampe l cng  ca dng in khng i khi chy
trong hai dy dn thng, tit din nh, rt di, song song vi
nhau v cch nhau 1 m trong chn khng th gy ra trn mi mt
di ca mi dy mt lc t bng 2.107 N.

7 1 22.10
I I

F
r
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2.  Hai  dy dn  thng,  di,  song song  vi  nhau  v cch  nhau  d  =  1 0 cm t trong  khng kh.  Dng
in  trong hai  dy  c cng  l I1 = 2 A,  I2 = 5 A.  Tnh  lc t tc dng ln  mt on c chiu
di  0,20 m ca mi  dy dn.  

3.   Hai  dy dn thng,  di,  song song c t trong khng kh.  Cng  dng in trong hai  dy dn
 bng  nhau  v bng I = 1  A.  Lc t tc dng trn  mi  n  v  di  ca mi  dy bng  2.1 05 N.
Hi  hai  dy  cch nhau  bao nhiu  ? 

4.   Hai  vng trn dy dn t cch nhau mt khong rt nh.

Vng dy dn di  gi c nh,  vng trn ni  vi  mt u

n cn (Hnh 31 .2).  Khi  cho hai  dng in cng  bng

nhau vo hai  vng dy th chng ht nhau.  t thm mt

qu cn khi  lng 0,1  g  vo a cn bn kia th cn tr li

thng bng v lc  hai  vng cch nhau 2 mm.  Xc nh

cng  dng in trong mi  vng dy.  Cho bit bn knh

mi  vng dy bng 5 cm.  Ly g = 1 0 m/s2.

Hng dn : C th p dng  cng  thc 31 .1   tnh  lc t tc dng ln  mi  vng dy,  v hai  vng

dy  y cch nhau  mt khong  rt nh.

nh  ngha n v  ampe  thay i  nhiu  ln.

u tin,  nh ngha ampe c da mt cch t nhin vo cng thc .  Khi q = 1  C,

 t = 1 s,  I = 1  A.  Theo nh  ngha ny th ampe l cng  ca dng in  khng i  m c

mi  giy c mt in  lng 1  C chuyn qua tit d in  dy dn.

Rt kh ch to c mu ampe theo nh  ngha ny.  V vy nm 1 893,  mt hi  ngh  quc

t v o lng ti  Chi-ca-g v sau   l nm 1 908,  mt hi  ngh  ti  Lun n  a ra

nh ngha ampe nh sau  :  ampe l cng  ca dng in  khng i  khi  i  qua dung  dch

bc nitrat,  th c mi  giy c 0,0011 800 g  bc c gii  phng  in  cc.

Tuy nhin,  vi  nh  ngha ny ngi  ta thy cng  kh ch to c ampe mu  vi  

chnh xc mong mun.  Nm 1 935,  t chc quc t v o lng a ra mt khuyn ngh  trong

 c hai   l in  quan n ampe.  th nht coi  hoc m hoc ampe l n v  c bn  ca h

n v.  th hai  coi  nh  ngha ampe nh l nh  ngha c nu  trong bi  hc.  Mi  n

nm 1 948,  ngi  ta thng nht coi  ampe l n v  c bn v khuyn ngh  ni  trn  mi  c

p dng.


=


q

t
I

Em c bit ?

Hnh 31.2
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Cc quang ging nh mt mn sng huyn o  trn

cao ti vi trm kilmt. Cc quang ch xy ra ti nhng

min c v  ln. Nguyn nhn ca hin tng cc quang l

lc Lo-ren-x tc dng ln cc ht mang in.

1 . Th nghim

Thit b th nghim c s  nh trn
Hnh 32.1a.

Khi cho dng in qua vng dy Hem-hn v qua
si dy t  bn trong bnh thu tinh (Hnh 32.1b),
ta nhn thy trong bnh xut hin mt vng trn sng
mu xanh nm trong mt phng vung gc vi ng
sc t ca vng dy Hem-hn.  

Do b t nng, si dy t phng ra cc lectron.
Cc lectron ny chuyn ng v va chm vi cc
phn t kh trong bnh.  Khi va chm, cc lectron
ion ho cc phn t kh v lm pht quang.  

Vy vng trn sng trong bnh cho bit qu o
ca lectron trong t trng.  lectron khng
chuyn ng thng m chuyn ng trn chng t
t trng tc dng lc ln lectron.  

Nhiu th nghim khc chng t rng, chng
nhng t trng tc dng lc ln lectron m n
cng tc dng ln bt k ht mang in no chuyn
ng trong n.

2. Lc Lo-ren-x 

Lc m t trng tc dng ln mt ht mang
in chuyn ng trong n gi l lc Lo-ren-x
(Hendrick Antoon Lorentz,  1853  1928,  nh vt l
ngi H Lan, gii N-ben nm 1902).  

a)

b)
Hnh 32.1 Th nghim v chuyn
ng ca lectron trong t trng.

a)  S  thit b  th nghim.  1 .  Vng
dy Hem-hn ;  2.  Bnh  thu tinh
trong c cha kh tr ;  3.  Si  dy
t ;  4.  Vng trn  sng (xut hin  khi
cho dng in  chy qua vng dy
Hem-hn v si  dy.

b)  nh  chp thit b  th nghim.

Lc Lo-ren-x

3232
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Gii thch hin tng cc quang :
T Mt Tri,  lun lun c dng ht
mang in,  ch yu l lectron v
prtn, bay n Tri t.  Di tc
dng ca lc Lo-ren-x, cc ht
mang in ny chuyn ng theo
qu o xoy c quanh cc ng
sc t ca Tri t to thnh vnh
ai Van A-len (Van Allen).  Khi c
s hot ng mnh  Mt Tri,  th
mt  ht mang in  gn t cc
ca Tri t tng ln rt ln.  V vy,
  cc lectron b y ra xa t cc.
Cc ht ny va chm vi cc phn t
kh lm cho chng pht quang.

Hnh 32.2 Quy tc bn tay tri xc
nh chiu ca lc Lo-ren-x.

a)  Chiu  ca lc Lo-ren-x tc dng
ln  ht mang in  dng ;  b)  Chiu
ca lc Lo-ren-x tc dng ln  ht
mang in  m.

Lc Lo-ren-x l nguyn nhn
gy ra lc t tc dng ln dng in.
V vy ta c th tm biu thc  ln
ca lc Lo-ren-x bng cch xut
pht t biu thc  ln ca lc t
tc dng ln mt on dng in.

Ta hy xt on dng in MM
c dng hnh tr,  t vung gc vi
ng sc t.   ln ca lc t tc
dng ln on dng in  l :

F1 = IBl
l l chiu di ca on dng in.

Cc ht mang in i qua tit
din M trong thi gian  t u c
cha trong hnh tr MM nh trn

a) Phng ca lc Lo-ren-x 

lectron chuyn ng trn qu o trn nm
trong mt phng vung gc vi ng sc t trong
th nghim trn,  chng t lc Lo-ren-x  vung gc
vi vect cm ng t v vi vect vn tc ca lectron.
Lm th nghim vi nhng ht mang in khc,
ngi ta cng rt ra c kt lun tng t.

Vy, lc Lo-ren-x c phng vung gc vi
mt phng cha vect vn tc ca ht mang in v
vect cm ng t ti im kho st.  

b) Chiu ca lc Lo-ren-x 

Quy tc xc nh chiu ca lc Lo-ren-x c th
suy ra t quy tc bn tay tri xc nh chiu ca lc
t tc dng ln dng in.

Tuy nhin,  chiu dng in c quy c l
chiu chuyn ng ca cc in tch dng.  Cn 
y cc ht mang in chuyn ng c th l in
tch dng cng c th l in tch m.  V vy,  c
th ni lc Lo-ren-x tc dng ln in tch dng
th cng chiu vi lc t tc dng ln dng in
(Hnh 32.2a) ;  cn lc Lo-ren-x tc dng ln in
tch m th c chiu ngc li (Hnh 32.2b).

c)   ln ca lc Lo-ren-x

 ln ca lc Lo-ren-x tc dng ln ht
chuyn ng trong t trng theo phng vung
gc vi ng sc t l :

f = |q|vB (32.1 )  

Nu vect vn tc ca ht khng vung gc m
hp thnh vi vect cm ng t mt gc  th ngi
ta chng minh rng,  ln ca lc Lo-ren-x c
xc nh theo cng thc sau :  

(32.2)f q B = sinv
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Hnh 32.3.  Nu mt  ht mang in t do
(to thnh dng in) trong dy dn l N v
tit din ca dy l S th s ht trong hnh
tr  l NSl.  Coi rng vn tc nh hng
ca cc ht to thnh dng in l v th
l = v t.  V vy c th ni c mi giy s
ht i qua tit din M l NSv .

Coi in tch mi ht to thnh dng
in c  ln l |q| th I = jS = NSv |q| .

Vy F = (N S v |q|) B l = |q| v B (N S l).
Trong  (N S l)  l tng s cc ht to thnh
dng in cha trong hnh tr MM .   ln
ca lc t tc dng ln mi ht mang in

l f = = |q|vB.   chnh l biu thc

cn tm.

Hnh 32.3

Hnh 32.4 S li chm tia in t trong ng
phng in t bng t trng.

1 ,  1  .  Hai  cun dy to ra t trng nm
ngang ;  2,  2.  Hai  cun dy to ra t trng
thng ng .  3.  Si  t.

F

NSl

3. ng dng ca lc Lo-ren-x 

Nhng ng dng ca lc Lo-ren-x ht sc

phong ph.  y ta ch ni n mt ng

dng trong v tuyn truyn hnh.

Gi s mt lectron c phng ra t si

t (sng in t) trong ng phng in t.

Bnh thng n bay theo ng nm ngang v

n p vo mn hnh ti im M nh trn

Hnh 32.4.  

Nhng nu c tc dng ca t trng th

lc Lo-ren-x s lm cho qu o lectron b

un cong, khng n im M m i lch n

mt im khc,  chng hn im N.  Hin

tng  gi l s li chm tia lectron

(tia catt)  v c ng dng trong my thu

hnh.  T trng nm ngang li chm tia catt

theo phng thng ng.  T trng thng

ng li chm tia theo phng nm ngang.

Di tc dng ca c hai t trng, chm tia

in t s qut ton b mn hnh.

1 .  Lc Lo-ren-x l g ?  
2.  Hy nu  quy tc xc nh  chiu  ca lc Lo-ren-x.  

3.  Hy vit biu  thc tnh   ln  ca lc Lo-ren-x.

4.  Hy k vi  ng dng  ca lc Lo-ren-x.

1 .  Chn cu  ng.
Phng ca lc Lo-ren-x
A.  trng  vi  phng ca vect cm ng t.
B.  trng  vi  phng ca vect vn tc ca ht.
C.  vung gc vi  ng sc t nhng trng vi  phng ca vn  tc ca ht.
D.  vung gc vi  c ng sc t v vect vn  tc ca ht.

bi tp

cu hi
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2. Chn cu  ng.

Chiu  ca lc Lo-ren-x tc dng ln  mt in  tch  q chuyn ng  trn  trong t trng
A.  hng v tm ca ng trn  qu o ch khi  q  >  0.
B.  hng v tm ca ng trn  qu o ch khi  q  <  0.
C.  lun  lun  hng v tm ca ng trn  qu o.
D.  cha kt lun  c v cha bit du  ca in  tch  v chiu  ca vect 

3.  Mt lectron  bay vo trong t trng u  vi  vn  tc ban u  vung gc vi  .  

a)  Coi nm trong mt phng hnh  v,  vung gc vi  mt phng  hnh  v.  Hy v chiu  ca

vect lc Lo-ren-x tc dng ln  lectron.

b)  Tnh   ln  ca nu v = 2.1 05 m/s v B = 0,2 T.

c)  So snh  gi tr  tnh  c vi  trng lng  ca lectron.  Nu  nhn xt.
Cho bit :  khi  lng ca lectron  bng 9,1 .1 0 31 kg.

4. Mt prtn bay vo trong  t trng u  theo phng hp vi  ng sc t mt gc 30o.  Vn  tc
ban u  ca prtn bng v = 3.1 07 m/s v t trng c cm ng t B = 1 ,5 T.  Tnh   ln  ca lc
Lo-ren-x.  

Hiu ng Hn (Hall)

C th ni  hiu  ng Hn  l mt v d  rt hay v s hin  hu
ca lc Lo-ren-x tc dng ln  cc ht ti  in  trong vt dn.

Cho dng in chy dc theo khi  kim loi  hnh hp ch nht
nh trn  Hnh  32.5a.  Php o cho bit hiu  in  th gia hai
im M,  N bng khng.  t khi  kim loi  c dng in  ni  trn
trong t trng.  ng sc t vung gc vi  hai  mt trc - sau
v hng t mt sau  ra mt trc ca khi  kim loi  nh trn
Hnh 32.5b.  Php o chng t khi   hiu in th gia hai  im
M,  N khc khng.  Hin tng ny c gi  l hiu ng Hn.

Hiu  ng Hn  c th gii  thch  nh sau  :  Dng in  chy
trong tm kim loi  c chiu  t tri  sang phi,  th lectron dn di
chuyn theo chiu  t phi  sang tri.  V vy lc Lo-ren-x tc
dng ln  lectron dn  hng xung di.  Kt qu l mt di
ca tm kim loi  tch  in  m,  mt trn  tch  in  dng.  V hai
mt ny tch  in  tri  du  nhau  nn  hiu  in  th gia hai  im
M,  N khc khng.

Hiu  ng  Hn  trong bn dn mnh hn trong kim loi.

Nh hiu  ng Hn,  ngi  ta xc nh  c du,  mt  v
tc  ca cc ht ti  in  to thnh dng in  trong mt vt
l iu.  Hiu  ng Hn  cng c p dng trong vic ch to cc
cm bin o cm ng t ca t trng.

f

Em c bit ?

f

f

B
0
v

B


0
vB

.B


Hnh 32.5 Hiu ng Hn.
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Khung dy c dng in t
trong t trng3333

1 . Khung dy t trong t trng

a) Th nghim

Th nghim c b tr nh Hnh 33.1 .  ABCD l
khung dy cng c th quay xung quanh trc OO .  

Cho dng in chy qua khung, ta thy khung b
quay i.  

b) Lc t tc dng ln khung dy c dng in

Ta kho st lc t tc dng ln khung trong
hai trng hp n gin :

ng sc t nm trong mt phng khung.

Gi s dng in trong khung c chiu ABCDA
(Hnh 33.2).  Lc t tc dng ln cc cnh AB v CD
ca khung bng khng v cc cnh  song song
vi ng sc t.  

V t trng u,  nn cc lc t v tc
dng ln cc cnh AD,  BC c  ln bng nhau.

Dng quy tc bn tay tri,  ta thy hng ra

pha sau cn hng ra pha trc mt phng

hnh v.  Nh vy, khung chu tc dng mt ngu lc.

Ngu lc ny c tc dng lm quay khung.  

Trong trng hp ng sc khng nm trong
mt phng khung,  ni chung ngu lc t cng lm
quay khung.  

ng sc t vung gc vi mt phng khung.

Gi s chiu dng in v chiu cc ng sc t
nh trn Hnh 33.3.  p dng quy tc bn tay tri ta
thy cc lc t tc dng ln cc cnh ca khung c
chiu nh v trn hnh .  Cc lc ny khng lm
quay khung.   l v tr duy nht ca khung m
lc t khng lm quay khung.

ADF

BCF

BCFADF

Hnh 33.1 Khung dy t trong

t trng.

ng chm chm l v  tr ca khung
khi  cha cho dng in vo khung.
ng lin nt l v  tr ca khung sau
khi  cho dng in vo khung.  

Hnh 33.2 Lc t tc dng ln 

khung dy c dng in chy qua.

Khung v cc ng sc t u
nm trong mt phng hnh  v.

Hnh 33.3 Lc t tc dng ln

khung dy t vung gc vi .

Khung nm trong  mt phng
hnh  v,  cc ng sc t vung gc
vi  mt phng hnh  v.



B
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c)  Momen ngu lc t tc dng ln khung dy

c dng in 

Ta kho st momen ngu lc t trong trng hp
n gin trn Hnh 33.2.

Gi d l khong cch gia hai ng tc dng

ca hai lc (cng l chiu di cc cnh

AB,  DC)  th i lng

M = FBC.d

l momen ngu lc t ng vi trng hp Hnh 33.2.

Gi cm ng t ca t trng l B,  cng 
dng in chy trong khung l I,  chiu di cc cnh
BC v AD l l,  th theo nh lut Ampe ta c th
vit cc cng thc sau :  

FBC = FAD = IBl

Do  :
M = FBCd = IBld

Gi S l din tch ca mt phng khung dy th
ld = S.  Do  ta c :

M = IBS (33.1 )

Cng thc (33.1 )  p dng cho trng hp cc
ng sc t nm trong mt phng khung dy.
Trong trng hp cc ng sc t khng nm
trong mt phng khung dy th ngi ta chng minh
rng, momen ngu lc t c tnh theo cng thc :

(33.2)

y  l gc hp bi vect cm ng t v
vect php tuyn vi mt phng khung dy.  Ch
 l chiu ca vect phi tun theo quy c sau :
quay ci inh c theo chiu dng in trong khung,
th chiu tin ca ci inh c l chiu ca vect 

2. ng c in mt chiu

Mt trong nhng ng dng quan trng ca lc t
tc dng ln khung dy c dng in l ng c in.

.n

n

n

B

sinM IBS =

BCFAD ,F

Gi s dng  in  trong

khung dy  Hnh  33.2 c chiu

ngc vi  chiu   v.  Hy xc

nh chiu  ca lc t tc dng

ln  cc cnh ca khung trong

trng hp .

Trong Hnh  33.3,  gi s cc

ng sc t c chiu  ngc li,

ngha l cc ng sc t hng

ra pha sau  mt phng hnh  v

th lc t tc dng ln  khung dy

c chiu  nh th no ?

C2

C1
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a) Cu to

Cu to ca ng c in mt chiu c trnh
by trn Hnh 33.4.

b) Hot ng

Khi cho dng in chy qua khung, momen ngu
lc t tc dng ln khung lm cho khung quay xung
quanh trc OO .  B gp in (3) gm hai bn khuyn
v hai chi qut lm cho mi khi mt phng khung
vung gc vi ng sc t, th dng in trong
khung i chiu.  V vy khung dy quay lin tc.  Tuy
dng in trong khung i chiu nhng dng in t
ngun a vo khung vn l dng in mt chiu, nn
ng c ni trn gi l ng c in mt chiu.

3. in k khung quay
Tc dng ca lc t lm quay khung dy mang

dng in cn c ng dng trong in k
khung quay.

a) Cu to 

Hnh 33.5  trnh by cu to ca mt in k
khung quay thng gp.  Khung dy c khong vi
trm vng qun st nhau.  Khung dy lng ra bn
ngoi li st v c t gia hai cc mt nam
chm.  Ngoi ra cn c l xo  gi khung dy  v
tr xc nh.  

b) Hot ng 

Khi cho dng in vo khung th ngu lc t lm
khung quay lch ra khi v tr lc u.  Khi  cc
l xo s sinh ra momen cn.  Khung cng lch xa v
tr cn bng th momen cn cng ln.  n khi
momen cn cn bng vi momen ngu lc t th
khung dng li.  Ngi ta  chng minh rng khi
khung cn bng th gc lch ra khi v tr ban u t
l vi cng  dng in trong khung.  

 bin in k thnh ampe k hay vn k,

ngi ta mc thm sn hay thm in tr ph.

Hnh 33.4 Cu to ca ng c in
mt chiu.

1 .  Khung dy ;  2.  Nam chm ;  3.  B
gp in  gm hai  bn  khuyn v hai
chi  qut.

Hnh 33.5 Cu to ca in k
khung quay.

1 .  Nam chm hnh  ch U  ;  2.  Li
st ;  3.  Khung dy lng ra bn ngoi
li  st ;  4.  L xo (l xo th hai  nm
lp pha sau  li  st).
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1 .  Hy chng t rng lc t tc dng ln  khung dy dn to thnh ngu  lc (ch xt trng hp
ng sc t nm trong mt phng khung).

2.  Hy vit cng  thc momen ngu lc t tc dng ln  khung dy khi  cc ng sc t nm trong
mt phng khung dy.

3.  Khi  mt phng khung vung gc vi  cc ng sc t th lc t tc dng ln  khung  c 
to thnh ngu  lc khng ?  Nu  c th momen ngu lc bng bao nhiu  ?  

4.  Hy nu  cu to v hot ng ca ng  c in  mt chiu.

5.  Hy nu  cu to v hot ng ca in  k khung quay.

1 .  Chn cu  sai .

Momen ngu lc t tc dng  ln  mt khung dy c dng in  t trong  t trng u  

A.  t l vi  d in  tch  ca khung.

B.  c gi tr  ln  nht khi  mt phng khung  vung gc vi  ng sc t.

C.  ph  thuc cng  dng in  trong khung.

D.  t l vi  cm ng t.

2. Chn phng n ng.

Mt khung dy phng nm trong  t trng u,  mt phng khung dy cha cc ng sc t.
Gim cm ng t i  2  ln  v tng  cng  dng in  trong  khung ln  4 ln  th momen ngu lc
t tc dng  ln  khung s tng ln

A.  2  ln.  B.  4 ln. C.  6  ln. D.  8 ln.

3.  Mt khung  dy h nh  ch nht ABCD t trong  t trng  u  cm ng  t
B = 5. 1 0 2 T.  Cnh  AB ca khung  di  3  cm,  cnh  BC di  5  cm.  Dng  in  trong  khung  c
cng  2 A.  Tnh gi tr  ln nht ca momen ngu lc t tc dng ln khung trong hai  trng hp :

a)  cnh  AB ca khung vung gc cn cnh BC song song vi  ng sc t.

b)  cnh  BC ca khung vung gc cn cnh AB song song vi  ng sc t.  

4.  Mt khung  dy c kch  thc 2 cm x 3 cm t trong t trng u.  Khung dy gm 200 vng.  Cho
dng in  cng  0,2 A i  vo khung  dy.  Momen ngu  lc t tc dng ln  khung c gi tr
ln nht bng 24.1 0 4 N.m.  Hy tnh  cm ng t ca t trng.

bi tp

cu hi
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1 . Cc cht thun t v nghch t
Cc cht trong t nhin khi t trong t trng u b t

ho (nhim t).  Tuy nhin,  ch c mt s rt t cht c tnh t

ho mnh, cn li tuyt i a s cht c tnh t ho yu.  

Cc cht c tnh t ho yu gm cc cht thun t v

nghch t.

Nguyn nhn ca hin tng t ho  cc vt thun t v

nghch t l do trong cc phn t ca vt c cc dng in kn.

Cc dng in ny l do s chuyn ng ca cc lectron

trong nguyn t to thnh.

Khi cc vt thun t v nghch t c t trong t trng

ngoi th chng b t ho.  Nhng nu ta kh t trng ngoi

(t trng gy ra s t ho) th cc vt ny nhanh chng tr li

trng thi bnh thng, ngi ta ni khi  t tnh ca chng

b mt.

2. Cc cht st t 

Cc cht c tnh t ho mnh hp thnh mt
nhm gi l cc cht st t.  St,  niken, cban l ba
cht (cng l ba nguyn t)  st t in hnh.

Tnh t ho mnh  st c gii thch l do st
c cu trc c bit v phng din t.  Mt mu st
c cu to t rt nhiu min t ho t nhin. Mi
min  c kch thc vo c 0,01   0,1  mm v
cha khong 1016  1019 nguyn t.  Mi min t
ho t nhin c th coi nh mt kim nam chm
nh.  Bnh thng th cc kim nam chm nh sp
xp hn n.  Khi  thanh st khng c t tnh
(Hnh 34.1a).

Nu thanh st c t vo t trng ngoi,  th
di tc dng ca t trng ngoi,  cc kim nam
chm nh c xu hng sp xp theo t trng
ngoi.  Khi  thanh st c t tnh (Hnh 34.1b).

Tu theo s sp xp ca cc
dng in trong phn t m c th
xy ra hai kh nng.  Mt l t
trng ca cc dng in trong phn
t kh ln nhau hon ton.  Hai l t
trng ca cc dng in trong phn
t kh ln nhau khng hon ton.

Loi cht th nht l cc cht
nghch t,  cn loi cht th hai l
cc cht thun t.

a)

b)

Hnh 34.1 Cc min t ho t nhin
trong st t.

a)  Mu st t khng t trong  t
trng ;  b)  Mu st t t trong t
trng ngoi.

S t ho cc cht. St t3434
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3. Nam chm in. Nam chm vnh cu 

 Cho dng in chy qua mt ng dy c li st
th li st c t ho.  T trng ca dng in
trong ng dy gi l t trng ngoi.  Th nghim
chng t rng t trng tng hp (t trng ngoi
v t trng do s t ho ca li st)  ln gp hng
trm thm ch hng nghn ln (tu theo cht lng
ca li st)  so vi t trng ngoi (t trng khi
khng c li st).  ng dy mang dng in c thm
li st gi l mt nam chm in.

Ngt dng in trong ng dy th t tnh ca li
st cng b mt rt nhanh.

Mt cht st t m t tnh ca n b mt rt
nhanh khi t trng ngoi trit tiu c gi l
cht st t mm.

 Thay li st bng mt li thp (st pha thm
cacbon vi hm lng thch hp) th t trng tng
hp cng ln gp nhiu ln so vi t trng ngoi.
Nhng  y c iu khc l sau khi ngt dng in
trong ng dy,  t tnh ca thp cn gi c mt
thi gian di.  Thanh thp tr thnh mt nam chm
vnh cu hay gi tt l nam chm.

Mt cht st t m t tnh ca n tn ti kh lu
sau khi t trng ngoi trit tiu c gi l cht
st t cng.

4. Hin tng t tr 

Xt mt ng dy trong  c li thp.  Gi s
trc khi th nghim thanh thp cha b t ho ln
no.  Cho dng in trong ng dy tng t 0 n gi
tr I no  th t trng ngoi tng t 0 n gi tr
B0.  T trng ca li thp cng tng t 0 n gi tr
B1 theo ng cong OAM (Hnh 34.2).

By gi ta gim t trng ngoi t B0 n 0 nhng
vn gi nguyn chiu ca n, th t trng ca li
thp cng gim nhng khng gim theo MAO m
theo ng cong MP.  Ta nhn thy t trng ngoi

Mt thanh st ch c tnh st t
khi nhit  ca thanh st khng ln
lm.  Nu nhit  ca n ln hn
mt nhit  xc nh no  c
gi l nhit  Quy-ri,  th c tnh
st t ca n khng cn na.  C th
chng minh hin tng  nh sau.
Nung nng  mt ci inh st ri
a li gn mt nam chm ta s thy
inh khng b ht bi nam chm.
Nhng khi ngui i xung di
nhit  Quy-ri th inh li b nam
chm ht.

Cc cht st t khc nhau c
nhit  Quy-ri khc nhau.  Khi
nhit  ln hn nhit  Quy-ri th
cc cht st t tr thnh cc cht
thun t thng thng.

Bng 34.1

Nhit  Quy-ri  ca mt vi  cht

Cht Nhit  (oC)

St 773

Niken 358

Cban 1 331

Gal ini 1 6
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bng khng nhng t trng ca li thp vn cn
khc khng.  T trng ca li thp ng vi im P
gi l t trng cn d, hay ni gn l t d, ca li
thp.  on  th MP cho thy t trng ca li thp
gim chm hn (tr hn) t trng ngoi.

Sau  ta i chiu dng in trong ng dy ri

cho t trng ngoi tng t 0 n gi tr B0.  Khi 

t trng ca li thp gim theo on ng PQN.

Ta nhn thy ti im Q,  t trng ca li thp bng

khng, khi  t trng ngoi c gi tr bng BC.

Ta gi BC l t trng khng t ca li thp.  T

trng khng t ph thuc tnh cht ca li thp.

n y nu ta cho t trng ngoi tng t B0

n B0 th t trng ca li thp tng theo ng

NKLM.  Qu trnh t ho sau  xy ra theo ng

cong kn MQNLM.  ng cong kn ny gi l chu

trnh t tr.

5. ng dng ca cc vt st t

S t ho ca cc vt st t c rt nhiu ng dng.

Trong i sng hng ngy ta gp nam chm  ca

xp nha,  ca t lnh, trong qut in, trong chung

in, trong ng nghe v ni ca my in thoi, trong

loa pht thanh,...  Trong thc t, k thut v trong

nghin cu khoa hc ta gp nam chm in trong

rle in t, cn cu in, trong my gia tc,...  

y ta s ni v mt ng dng trong vic ghi

v c m thanh.  Thit b  ghi m gm hai b

phn ch yu,  l mt u t v mt bng t.  

u t l mt nam chm in.  N gm mt cun

dy c li lm bng st t mm.  u t dng trong

thit b ghi c gi l u ghi.  Bng t gm c hai

lp mng.  Lp  di lm bng cht do gi l lp

nn ;  trn lp nn ngi ta ph mt lp bt st t

cng (thng l xit st)  (Hnh 34.3).

Hnh 34.2 Chu trnh t tr.

Hnh 34.3 u t v bng t trong
thit b ghi m.

1 .  Nam chm in  ;  2.  Khe t ;
3. Lp nn ca bng t ;  4.  Lp bt
st t cng ca bng t.

Ngi  ta lun  khuyn khng
nn   bng  gh i  m  gn
ngun t trng mnh.  Hy gii
thch ti  sao.

C1
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Qu trnh ghi m c tin hnh nh sau :  Khi ngi ni
trc micr th dao ng m chuyn thnh dao ng in.
Dao ng in ny c khuch i,  ri c a vo cun dy
ca u ghi.  Do  li st t ca u ghi c t ho,  vi hai
cc t  hai bn ca khe hp gi l khe t.  Trong khe t ca u
ghi c t trng bin thin theo m thanh.  Khi bng chuyn
ng trc khe t ca u ghi,  th lp bt st t b t ho theo
ng nh dao ng in do m thanh gy ra.  Ngi ta ni m
 c ghi vo bng.

 pht li m  ghi,  ngi ta cho bng t chy qua mt u
t gi l u c.  u c cng c cu to tng t nh u ghi.
Khi bng t i qua u c,  do hin tng cm ng in t (s
ni  chng V),  trong cun dy ca u c xut hin dao
ng in ph hp vi m thanh m ta  ghi vo bng.  V vy,
khi khuch i dao ng in  ri a n ra loa,  ta li nhn
c m  ghi.

1 .  Chu  trnh  t tr l g ?  

2.  Hy k mt vi  ng dng  ca nam chm in  v nam chm vnh  cu.  

3.  Hy trnh  by v ng  dng ca hin  tng t ho trong vic ghi  m.  

1 . Chn pht biu  sai .

A.  Khi  ngt dng in  trong  cun dy ca nam chm in  th t tnh  ca li  st mt rt nhanh.

B.  St c t tnh  mnh l v trong  st c nhng min  t ho t nhin.

C.  Trong thin  nhin  c rt nhiu  nguyn  t ho hc thuc loi  cht st t.

D.  Chu  trnh  t tr chng t rng s t ho ca st ph  thuc mt cch phc tp vo t trng

gy ra s t ho.

bi tp

cu hi
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1 .  t thin.  t khuynh

a)  t thin 

Cc ng sc t ca t trng Tri t nm trn
mt t gi l cc kinh tuyn t.  

Ngay t cui th k XV ngi ta  bit rng kim
nam chm ca la bn khng ch ng, m lch khi

phng Bc  Nam a l.  iu  chng t kinh
tuyn t v kinh tuyn a l khng hon ton

trng nhau (Hnh 35.1 ).  

Gc lch gia kinh tuyn t v kinh tuyn a

l gi l  t thin (hay gc t thin), k hiu

l D.

Tu theo cc v tr khc nhau trn mt t m c
ni th cc Bc ca kim la bn lch sang pha ng,

c ni li lch sang pha Ty.  Ngi ta quy c 
t thin ng vi trng hp cc Bc ca kim la bn

lch sang pha ng l  t thin dng, ngc li
l  t thin m.  Trn Hnh 35.1  ta c D < 0.

b)  t khuynh 

 Quan st s nh hng ca mt kim nam chm

nh quay t do quanh trc nm ngang i qua trng
tm ca n,  ta thy kim lch khi mt phng nm

ngang nh trn Hnh 35.2.  

Hnh 35.1 Kim nam chm lch khi
kinh tuyn a l.

Vit Nam,  t thin rt nh
v c gi tr m. Cc gi tr o c 
mt vi ni nh sau :  Vinh (Ngh An)
D = 0o12, Cao Bng D = 0o37.
C th ni  Vit Nam kim la bn ch
kh ng phng Bc  Nam a l.

Tuy nhin trn mt t c nhng
ni  t thin rt ln,  chng hn ti
o Grin-len (Greenland) D  60o.

T trng Tri t
3535

 trn mt t,  kim nam chm ca la bn nh hng
theo phng Bc - Nam. T nhn xt , Gin-bt  a ra
gi thuyt coi Tri t nh mt nam chm khng l. 

Con chim di tr (nh bn),  khi i tr ng, c th bay

hng chc nghn kilmt m khng b lc ng. Ngi ta

ngh rng c th ca loi chim ny c nhng b phn gip

chng nh hng trong t trng ca Tri t.
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Ngi ta gi loi la bn c kim nam chm nh

va c m t l la bn t khuynh.  (Loi la bn m

ta thng gp l la bn t thin).

Gc hp bi kim nam chm ca la bn t

khuynh v mt phng nm ngang gi l  t

khuynh (hay gc t khuynh), k hiu l I.

  bc bn cu,  cc Bc ca kim nam chm nm

 pha di mt phng nm ngang.  Ngi ta quy c

 l  t khuynh dng.  Ngc li  nam bn cu,

cc Bc ca kim nam chm nm  pha trn mt

phng nm ngang, c quy c l  t khuynh

m.  Trn Hnh 35.2 ta c I > 0.

2. Cc t cc ca Tri t

Tri t c hai a cc c gi l Bc cc v Nam cc.

Ngoi ra n cn c hai t cc.  

Cc Bc ca kim la bn hng v pha Bc cc,  cc Nam

hng v pha Nam cc.  iu  c ngha l chiu ng sc

t ca Tri t l chiu Nam Bc.  V vy,  t cc nm  nam

bn cu phi gi l t cc Bc,  cn t cc nm  bc bn cu

phi gi l t cc Nam.  Nhng ngay t u ngi ta li gi

nhm t cc  bc bn cu l t cc Bc,  t cc  nam bn cu

l t cc Nam.  Ngy nay ta vn dng cch gi tn theo thi

quen .

3. Bo t

So snh cc s liu o c ti mt ni c nh
ngi ta nhn ra rng cc yu t ca t trng Tri
t (chng hn cm ng t,   t thin,   t
khuynh,. . .)  c nhng bin i theo thi gian.  

Nu nhng bin i ny xy ra hu nh cng mt
lc trn quy m ton cu th ta gi l bo t.

Ngi ta chia bo t thnh hai loi l loi yu
v loi mnh.  

a s nhng cn bo t yu thng din ra trong
khong thi gian ngn, c nhng cn bo t yu

Hnh 35.2 Kim nam chm lch khi
mt phng nm ngang.

Trn Tri t c hai ni,  ti 

tr s ca  t khuynh ln nht v

bng 90o.  nhng ni ny kim nam

chm vung gc vi mt t.  Hai

ni  l hai t cc.   chnh l cn

c  xc nh v tr cc t cc ca

Tri t.

 Vit Nam  t khuynh ti

mt vi ni c cc gi tr nh sau :

Ti C Mau I = 0,   kim nam

chm nm song song vi mt t ;

ti Vnh Linh (Qung Tr) I= +18o22 ;

ti ng Vn (H Giang) I= + 31o52.

V tr cc t cc ca Tri t

Ta  ni cc kinh tuyn t
khng trng vi cc kinh tuyn a
l.  Hin tng  chng t cc t cc
khng trng vi cc a cc.  

Hin nay t cc Bc  v 
78o05 bc,  kinh  69o01  ty ;  t
cc Nam  v  78o05 nam, kinh
 110o09 ty.

Bng cch nghin cu cc mu
 c thu thp c trn cc lc a,
c bit l  y bin,  ngnh C T
hc nhn ra rng thi xa xa v tr
cc t cc ca Tri t khc v tr
cc t cc hin nay.  T  ngi ta
i n kt lun rng cc t cc ca
Tri t khng nm yn mt ch
m di chuyn, mc d s di chuyn
 din ra rt chm.
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ch ko di chng vi ba giy.  Ngc li,  nhng cn
bo t mnh ko di n hng chc gi,  thm ch
vi ngy.

Khong cch gia cc cn bo t rt khc nhau,
khng theo quy lut no.  C nm ch c vi cn bo
t, nhng c nm c n ba bn chc cn.

Bo t mnh thng ch xut hin trong thi gian
hot ng mnh ca Mt Tri.  Nhng cn bo t
mnh i khi c nh hng rt ng k n vic
lin lc v tuyn trn hnh tinh.  

Hin nay nguyn nhn gy ra t trng ca Tri
t vn cha c r rng.  C rt nhiu gi thit
c a ra nhng cha c gi thit no t ra c c
s khoa hc ng tin cy.  Mc d vy,  hu nh tt
c cc gi thit u cho rng nguyn nhn gy ra
t trng Tri t l  trong lng Tri t.

Hng lot cc nghin cu cn
ch ra rng trong qu kh  tng
xy ra hin tng o t cc,  thm
ch khng phi ch o mt ln m
 o nhiu ln.

Nhng d thng t

Ngi ta nhn thy c nhng
vng m ti  t trng Tri t
hay nhng thnh phn ca t trng
Tri t ln hn hay nh hn rt
nhiu so vi gi tr bnh thng.
Hin tng  c gi l nhng d
thng t.  Trn Tri t c tm
vng d thng t,  vng d thng
ln nht l  bc Xi bia (Nga).

Nhng vng d thng trn c
quy m lc a.  Ngoi ra cn c
nhng vng d thng nh c din
tch chng vi trm kilmt vung,
thm ch ch vi kilmt vung.  
mt s vng d thng loi ny,
ngi ta  tm thy qung c th
khai thc c.

Vit Nam  pht hin d
thng loi ny ti mt s ni 
nh Thch Kh (H Tnh),  N Da
(Cao Bng),  Tng B (H Giang),. . .
Khoan thm d  xc nhn rng 
 su chng 100 m ti Thch Kh,
N Da c qung st.

1 .   t thin  l g ?  

2.   t khuynh l g ?  

3.  Bo t l g ?  Bo t c nh  hng n cc hot ng ca con ngi  khng ?

1 .  Chn nhng thut ng thch  hp trong bi  hc in  vo ch trng trong cc cu  sau   c
pht biu ng.

A.  Gc hp bi  kim la bn  t thin  v kinh  tuyn a l  gi  l . . . .

B.  Gc hp bi  kim la bn  t khuynh v mt phng  nm ngang  gi  l . . .  

bi tp

cu hi
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C.  Ngi  ta quy c . . .  ng  vi  trng hp cc Bc ca kim la bn  t thin  lch  v pha ng
(so vi  kinh  tuyn a l ).

D.  Ngi  ta quy c . . .  ng  vi  trng hp cc Bc ca kim la bn  t khuynh nm  pha trn
mt phng nm ngang.

T trng ca Tri  t c nh  hng n i  sng ca con ngi  v cc sinh  vt khc

hay khng ?

Ngi  ta cho rng t trng ca Tri  t tc ng trc tip ln  v i  no ca ngi.

Tuy nhin,  cho n nay gi thit  vn  cha c khoa hc chng minh.

i  vi  ng vt,  c th k ra vi  hin  tng l sau  y m ngi  ta cho rng,  chng c

l in quan n t trng ca Tri  t.

C hi  c sinh  ra  vng  nc ngt.  t lu  sau,  on  c hi  con   ra bin  v bi  i  rt

xa  kim n.  Sau  thi  gian  di  sinh  sng v trng thnh gia bin  khi,  chng li  quay

tr v nh  thm li  ngi  nh ca chng.  Chng n ng ca sng m chng  ra i ,

v bi  ngc dng sng v ng ni  m chng  sinh  ra v ln  ln  hi  th u.  Hnh trnh

di  hng nghn  ki lmt,  nhng chng vn khng h b  lc ng.  

V loi  chim c th k n con nhn bin  (chim di  tr).  Sut ma h bc bn cu  chng

sng trn  cc o  Bc Bng Dng gn Bc cc.  Ma ng n,  chng i  trnh rt.  Nhng

chng khng n vng xch  o m bay n tn  cc o  Nam Bng Dng gn Nam cc.

Ma ng nam bn  cu  n,  chng li  quay tr v Bc cc.  Bay t a cc ny n a cc

kia,  chng cng khng bao gi b  lc ng.

Ngi  ta ngh rng hnh  nh c th ca c hi  v chim di  tr  c nhng b phn gip

chng nh hng trong  t trng ca Tri  t.  

Tuy nhin,  cho n nay vn cha   c s khoa hc chng minh cho gi thit .  

Em c bit ?
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1 . Mt on dy ng CD di 20 cm, khi lng 10 g c treo
 hai u bng hai si dy mm cch in sao cho on dy CD
nm ngang.  a on dy ng vo trong t trng u c cm
ng t B = 0,2 T v cc ng sc t l nhng ng thng
ng.  Dy treo c th chu c lc ko ln nht Fk = 0,06 N.
Hi c th cho dng in qua dy ng CD c cng  ln
nht bng bao nhiu  dy treo khng b t ?  Coi khi lng
ca hai si dy treo rt nh.  Ly g = 10 m/s2.

Bi gii 

V vect cm ng t c phng thng ng nn khi
cho dng in qua dy CD th lc t tc dng ln CD c
phng nm ngang.  V lc t c phng nm ngang nn
on dy CD s lch ra khi v tr ban u.  Gi s khi
cn bng CD nm  v tr nh Hnh 36.1 .

 ln ca lc t tc dng ln CD bng :  

F = IBl 

Gi trng lng ca dy CD l P v lc cng ca mi dy
l T.  Khi CD nm cn bng ta c th vit :  

F2 + P2 = (2T)2

T phi tho mn iu kin T  Fk nn c th vit :  

I2B2l2 + P2


T cng thc va vit ta rt ra :  

I2 

Thay s vo cng thc trn ta tm c :

I2  = 2,75

Vy :  
I   1 ,66 A2, 75

2 2

2 2

4.0, 06 0,1

0, 2 .0, 2

2 2
k
2 2

4F P

B l

2
k4F

bi tp v lc t3636

Hnh 36.1
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2. Cho mt khung dy c dng hnh tam gic u ABC

(Hnh 36.2).  Khung dy c t trong t trng u

sao cho cc ng sc t song song vi mt phng

khung dy v vung gc vi cnh BC ca khung.  Cho

bit cnh ca khung dy bng a v dng in trong

khung c cng  I.  Hy ch ra cc lc t tc dng ln

cc cnh ca khung v thnh lp cng thc momen

ngu lc t tc dng ln khung.

Bi gii

Trc ht ta c nhn xt rng gc hp bi on dng
in AB v vect bng 150o,  hp bi on dng
in CA v bng 30o,  hp bi on dng in BC
v bng 90o.

T cng thc (28.2) ta suy ra :

FBC = IBa sin90o = IBa

Chiu ca cc lc v c ch r trn
Hnh 36.3.

Gi l tng hp lc ca v th

t ti trung im N ca AH v c chiu nh trn Hnh 36.3.

v to thnh ngu lc tc dng ln khung.  Momen ca

ngu lc  l :
M = FN .  NH

Vy :

23 3
.

4 4
a

M IBa IB a= =

1 3
2 4

NH AH a= =

BCFNF

NF

N
1 1
2 2

F IBa IBa IBa= + =

CAFABFNF

BCFCAFAB ,F

o
CA

1
sin 30

2
F IBa IBa= =

o
AB

1
sin150

2
F IBa IBa= =

B

B

B

Hnh 36.2

Hnh 36.3
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Ch  rng l din tch hnh tam gic

ABC,  tc din tch mt phng khung dy.  T  ta nhn thy

cng thc (33.1 )  khng ch ng i vi khung dy hnh ch
nht m ng i vi khung dy phng c dng bt k.

3.  Mt chm lectron hp c tng tc bi hiu
in th U = 220V, sau  i vo trong t trng u
theo phng vung gc vi cc ng sc t.  Di tc
dng ca lc Lo-ren-x cc lectron trong chm
chuyn ng theo qu o trn.  Coi rng vng trn
qu o  nm trong mt phng hnh v v cc
ng sc t c chiu nh trn Hnh 36.4.

a)  Hy ch ra chiu chuyn ng ca lectron trn
qu o.

b)  Trong trng hp ang xt,  lc Lo-ren-x tc
dng ln lectron ng vai tr lc hng tm.  Hy tnh
bn knh R ca vng trn qu o.

Cho bit B = 0,005 T ;  trc khi tng tc,  tc  ca
lectron rt nh.

Bi gii

a)  V qu o ca lectron l ng trn nn lc
Lo-ren-x tc dng ln lectron ng vai tr lc

hng tm trn Hnh 36.5).

p dng quy tc bn tay tri ta xc nh c chiu chuyn
ng ca lectron nh  ch r trn Hnh 36.5.  (t p bn
tay tri  ng sc t m xuyn vo lng bn tay.  Ngn ci

choi ra 90o hng ngc chiu vi chiu ca lc (v lectron
mang in tch m).  Khi  chiu t c tay n bn ngn kia
ch chiu chuyn ng ca lectron ti M).

b) V vung gc vi nn lc Lo-ren-x tc dng ln

lectron c  ln l eBv .  Mt khc biu thc ca lc hng

tm c dng V lc Lo-ren-x ng vai tr ca lc

hng tm nn ta c th vit :

2

.
m

R

v

Bv

f

( f

23 1 3
4 2 2

a
a a S= =

Hnh 36.4

Hnh 36.5
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Suy ra (1 )

Trc khi tng tc,  tc  ca lectron rt nh, c th b qua,
do  :

(2)

Thay (2)  vo (1 )  ta c :

Thay s :  

m = 9,11 .1031 kg ;  e = 1 ,6.1019 C ;  U = 220 V ;  B = 0,005 T

Cui cng ta c :

m.
31

19

1 2.9,11 .10 .220
0, 01

0, 005 1, 6.10
R





= =

=

1 2mU
R

B e

=

2 eU

m
v

=

2

2

m
eU

v

=

m
R

eB

v

=

2
m

eB
R

v

v

Bi  c thm

t trng v my gia tc

 tm hiu cu trc ca vt cht cn phi c nhng ht c vn tc ln.  Mun vy ngi ta

ngh n phng php dng in trng  truyn nng lng cho ht mang in.  My pht tnh

in Van--Grap c th to ra hiu in th n hng triu vn  tng tc ht mang in.

Lau-rn-x (Ernest Orlando Lawrence,  1901  1958,  nh vt l ngi M,  gii Noben nm 1939)

a ra  tng ch to mt my gia tc trong  ht mang in c tng tc nh s phi hp

ca in trng v t trng.  My gia tc ch to theo  tng ca Lau-rn-x gi l xicltrn

(xem nh  u chng).  Chic xicltrn c a ra th nghim ln u tin vo nm 1931.

Thc t chng t rng xicltrn l my gia tc rt hu ch.  
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Xicltrn gm c hai hp rng hnh ch D lm bng

ng ghp vi nhau thnh mt hnh trn t trong chn

khng (Hnh 36.6).  Hai cnh thng ca hp ch D khng

t st nhau m cch nhau mt khong hp.  Hai hp

D1 ,  D2 c ni vi hai cc ca mt ngun in  c

chiu thay i mt cch tun hon theo thi gian.  V

vy,  trong khong hp gia hai cnh thng ca hp ch

D c mt in trng c chiu thay i tun hon.  Hp

t trong t trng u ca mt nam chm in,  vect

cm ng t vung gc vi mt hp.

Gi s lc u c mt ht tch in dng xut pht

t im P rt gn tm xicltrn v i vo hp D2  bn

phi.  Ngi ta iu chnh ngun in  cho lc y hp

D2 bn phi tch in m,  hp D1 bn tri tch

in dng.

Vect cm ng t c chiu nh trn hnh v nn lc Lo-ren-x lm cho ht chuyn ng

theo na ng trn trong D2.  Khi ht va n cnh thng ca D2 th ngun in i chiu

lm cho hp bn phi tch in dng,  hp bn tri tch in m.  V vy,  khi ht i vo

khong hp gia hai cnh thng th in trng tng tc cho ht.  By gi ht li chuyn ng

trong hp D1 bn tri.   lc Lo-ren-x cng lm cho ht chuyn ng trn na ng

trn.  Nhng bn knh ca na ng trn qu o ny ln hn bn knh na ng trn qu

o  trong D2.  Ta  bit,  vn tc ca ht ln th bn knh ca ng trn qu o cng ln

(bi tp 3,  bi 36).  Tuy nhin thi gian chuyn ng trn cc na ng trn qu o th li

khng ph thuc vo bn knh.  V vy ngi ta iu chnh sao cho chu k thay i cc ca

ngun in bng hai ln thi gian ht chuyn ng trn mi na ng trn.  Kt qu l qu

o ca ht trong hai hp D c bn knh tng dn,  nhng c mi khi ht bt u i vo trong

khong hp c in trng th in trng i chiu,  lm cho ht lun lun c tng tc.  V

ht c tng tc nhiu ln nn cui cng n thu c vn tc ln.

Tuy nhin,  khi vn tc ca ht rt ln,  do hiu ng tng i tnh (s hc  lp 12) nn

khi lng ca ht thay i.  Khi  chu k quay ca ht khng cng pha vi hiu in th

ca ngun na.  Do ,  xicltrn ch c tc dng tng tc cho ht n mt gii hn nht nh.

Mun thu c nhng ht c vn tc ln hn,  ngi ta ch to cc my gia tc m chu

k ca hiu in th cng pha vi chu k quay ca ht.  Bng cch ,  ngi  ta thu c

nhng ht c vn tc ln gp nhiu ln so vi vn tc ca ht c tng tc bng my

xicltrn.

Hnh 36.6. Nguyn tc cu to ca
xicltrn.  ng chm chm m t
qu o mt ht mang in trong
xicltrn .
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1 . Mc ch 

 Tm hiu cu to v hot ng ca la bn tang (in k tang).

 Dng la bn tang v my o in a nng hin s  xc
nh thnh phn nm ngang ca t trng Tri t.

2. C s l thuyt 
 Nu t mt kim nam chm trong lng mt cun dy c

dng in th kim nam chm s chu tc dng ng thi ca t
trng Tri t v t trng cun dy.

 Kim nam chm s b nh hng theo phng v chiu t

trng tng hp ca t trng Tri t v t trng cun dy.  

  xc nh thnh phn nm ngang ca t trng Tri t,
ta c th dng la bn tang c nguyn tc cu to v hot ng
nh Hnh 37.1 ,  trong  :  

 1 :  I v I :  Cun dy c dng in I
vi chiu nh k hiu trn hnh v.

 2 :  Kim nam chm.

 3  :  Thc o gc.

 4 :  Kim ch th (gn vung gc vi
kim nam chm).

 :  T trng Tri t (thnh phn
nm ngang).

 :  T trng cun dy.  

Khi t mt phng cun dy trng vi mt
phng kinh tuyn t, ta c th xc nh c
BT theo cng thc :

, trong  :

N l s vng dy ca cun dy dn, I l cng  dng in qua
cun dy, d l ng knh cun dy,  l gc quay ca kim nam
chm so vi v tr ban u cha c dng in qua cun dy.


 

= = 7C
T 4 .10

tan tan
B NI

B
d

CB

TB

Thc hnh :
Xc nh thnh phn nm ngang
ca t trng Tri  t3737

Hnh 37.1 Nguyn tc
cu to v hot ng
ca la bn tang.
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3. Phng n th nghim

 Dng c th nghim

 La bn tang (Hnh 37.2) c cc s vng dy 100 vng,
200 vng, 300 vng ;  ng knh d ca vng dy c 160 mm.

 My o in a nng hin s.

 Ngun in mt chiu 6V150 mA.

 Cc dy dn.

 Tin trnh th nghim

 iu chnh la bn tang sao cho mt thc o gc tht
s nm ngang, kim nam chm nm trong mt phng cun
dy (cha c dng in),  khi  kim ch th ch s 0o.  Gi
nguyn v tr la bn trong sut qu trnh th nghim.

Mc ni tip cun dy N12 = 200 vng
ca la bn tang vi ampe k,  ri ni vo
ngun in nh Hnh 37.3.

 Tng dn U cho ti khi kim ch th
ca la bn ch  = 45o th ghi gi tr ca I',
sau  gim U v gi tr 0.

 i chiu dng in qua cun dy
ca la bn tang, lp li nh trn v ghi gi
tr ca I".

 Tnh gi tr trung bnh ca cng 

dng in v BT.  Ghi kt qu vo bng s liu.

 Lp li cc bc th nghim trn hai ln  c, ghi vo bng
s liu cc gi tr I',  I"  v tnh, ghi vo bng s liu BT.

 Tnh v .

 Lp li cc bc th nghim ln lt vi cc cun dy
N23 =100 vng v N13 = 300 vng ca la bn tang.

4. Bo co th nghim

a) Mc ch th nghim.

b) C s l thuyt.

c)  Tin trnh th nghim.

d) Kt qu th nghim :  Lp bng s liu,  tnh ton.

Th nghim vi cun dyN12 = 200 vng, dcun dy=160.10
3m. 

 TBTB

,I

1
( ' ' ')

2
I I I= +

Hnh 37.2 La bn tang.

Hnh 37.3

B tr th nghim 

xc nh  gi tr  cng

 dng in  khi  gc

lch  = 45
o.
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 Lp cc bng s liu tng t cho cc th nghim vi cun dy

N23 = 100 vng v N13 = 300 vng.

e)  Nhn xt v kt qu th nghim.

So snh cc kt qu tnh trong ba th nghim v rt ra

kt lun.
TB

=   =T T T . . .B B B



 = =
max minT T

T . . .
2

B B

B

+ +

= =
1 2 3T T T

T . . .
3

B B B

B

1 .  Ti  sao dng la bn tang,  ta khng th xc nh c thnh phn thng ng ca t trng Tri  t ? 

2.  C th dng ngun in  xoay chiu   to t trng ca cun  dy trong la bn  tang c khng ?
V sao ?

1 .  Chn cu  ng.

Trong th nghim  bi  hc,  trc khi  cho dng  in  vo cun dy nht thit phi  iu  chnh  v  tr
ca kim nam chm

A.  vung gc vi  mt phng  cun dy.

B.  nm trong mt phng  cun dy.

C.  lch  45o so vi  mt phng  cun dy.

D.  tu  so vi  mt phng  cun dy.

bi tp

cu hi

Ln th nghim I'  (mA) I"  (mA) (mA)I (T)TB

1

2

3

Bng 37.1
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1 .  T trng. Cm ng t

 Xung quanh nam chm v xung quanh dng in (ni  chung l xung quanh in tch
chuyn ng) tn ti  t trng.  T trng c tnh cht c bn l tc dng lc t ln
nam chm hay ln dng in (in tch chuyn ng) t trong n.  

 Cm ng t l i  lng c trng cho t trng v mt tc dng lc t.  n v cm
ng t l tesla k hiu l T.

 Cm ng t ca t trng ca dng in  trong dy dn thng di  v hn  t trong
khng kh :

r l khong cch t im kho st n dy dn.
 Cm ng t ca t trng ti  tm ca dng in trong khung dy trn :  

B = 2 . 10
7

R l bn knh ca khung dy,  N l s vng dy trong khung,  I l cng  dng in
trong mi  vng.

 Cm ng t ca t trng ca dng in trong ng dy :  B = 4 . 10
7nI

n l s vng dy trn mt n v  di  ca ng.

2.  Lc t

 Lc t tc dng  ln  mt on  dng  in  t trong  t trng  u  :  F = IBlsin,

 l gc hp bi  on dng in  v cm ng t.

 Lc t tc dng trn mi  n v  di  ca hai  dng in song song :  

F = 2.10
7

r l khong cch gia hai  dng in.  

3.  Momen ngu lc t

Momen ngu lc t tc dng ln khung dy c dng in :  
M = IBSsin

trong  S l din tch phn mt phng gii  hn bi  khung,   l gc hp bi  vect
php tuyn ca khung v cm ng t.  

4. Lc Lo-ren-x
Lc Lo-ren-x tc dng ln ht mang in chuyn ng :  

f = |q|vBsin

trong  q l in tch ca ht,   l gc hp bi  vect vn tc ca ht v cm ng t.

1 2I I

r

NI

R


=

I
B

r
7

2.10

m tt chng IVTT
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CHNG V

Cm ng in t

Chng ny trnh  by cc vn  v hin  tng cm ng
in  t,  nh  lut Fa-ra-y,  nh  lut Len-x,  sut in
ng cm ng  trong on dy dn  chuyn  ng,  quy tc
bn tay phi,  h in  tng t cm,  sut in  ng  t cm,
h s t cm.

n ghi ta in



Hnh 38.1 Th nghim 1  v cm ng
in t khi nam chm v ng dy
chuyn ng i vi nhau.

a)  Khi  nam chm ra xa ng dy,  s
ng sc qua ng dy gim i.

b) Khi  nam chm li  gn ng dy,  s
ng sc qua ng dy tng ln.
Khi  s ng sc qua ng dy bin
i,  th kim in  k lch khi  vch 0.

Hnh 38.2 Th nghim 2 v cm ng
in t khi dng in trong ng dy
bin i.

Khi  con chy di  chuyn trn  bin tr,
kim in  k lch khi  vch s 0.  Khi
con chy dng li ,  kim in  k li  tr
v vch s 0.

Khi  ng hay m ngt in
trong th nghim  Hnh  38.2,  th
kim in  k c lch khi  vch 0
khng ? Gii  thch.

C1

1 . Th nghim 

a) Th nghim 1 

S  ca th nghim nh trn Hnh 38.1 .  

Th nghim cho bit t trng khng sinh ra
dng in.  Nhng khi s ng sc t qua ng dy
thay i,  th c dng in qua ng dy.

b) Th nghim 2 

Th nghim b tr theo s   Hnh 38.2 cho
bit,  khi di chuyn con chy th c dng in trong
vng dy.

Khi con chy di chuyn, th t trng trong ng
dy bin i.  iu  cng c ngha l khi  s
ng sc t xuyn qua vng dy bin i.  Vy th
nghim ny cng cho bit,  khi s ng sc t
xuyn qua vng dy bin i th trong vng dy
xut hin dng in.

2. Khi nim t thng

a) nh ngha t thng

Gi s c mt mt phng din tch S c t

trong t trng u V vect php tuyn 

ca S.  Chiu ca c th chn tu .  Gc hp

thnh bi v k hiu l .  Ta t :

(38.1 )

i lng  xc nh bng cng thc (38.1 )
c gi l cm ng t thng qua din tch S,  gi tt
l t thng qua din tch S.

 = cosBS

nB

n

n.B
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H in tng cm ng in t 
Sut in ng cm ng3838

Th nghim -xtt cho bit dng in sinh ra t trng.
Ngc li t trng c th sinh ra dng in c khng ? 



Theo nh ngha,  t thng l i lng i s,
du ca t thng ph thuc vo vic chn chiu ca
vect .  Trn Hnh 38.3a ta c  > 0,  cn trn
Hnh 38.3b th  < 0.  Tuy nhin,   n gin,  sau
ny ta quy c l nu khng c nhng iu kin bt
buc i vi chiu ca th ta chn chiu ca
vect sao cho  l gc nhn.  Vi quy c ,
 l i lng dng.

b) ngha ca t thng

Trong cng thc (38.1 )  nu  = 0,  th  = BS.
Ly S =1  th  = B.  ng thc ny gi  ta a ra
quy nh l v cc ng sc t sao cho s ng
sc xuyn qua mt n v din tch t vung gc
vi ng sc th bng tr s ca cm ng t B.  Nu
vy, t thng bng s ng sc t xuyn qua din
tch S t vung gc vi ng sc.  

V vy ngi ta dng khi nim t thng  din
t s ng sc t xuyn qua mt din tch no .
 l  ngha ca t thng.  

c)  n v t thng

Trong h SI,  n v t thng l vbe,  k hiu l
Wb.  Theo cng thc (38.1 )  nu cos = 1 ,  S =1  m2,
B = 1  T th  = 1  Wb.  Vy 1Wb = 1  T.1  m2.  

3. Hin tng cm ng in t 

a) Dng in cm ng

T cc th nghim 1 ,  2 v dng khi nim t
thng, ta c th ni khi t thng qua mt gii hn
bi mch in kn bin i theo thi gian th trong
mch xut hin dng in.  

Dng in xut hin khi c s bin i t thng
qua mch in kn gi l dng in cm ng.

b) Sut in ng cm ng 

Trong mch in kn c dng in th trong
mch phi tn ti sut in ng.  Ta gi sut in
ng sinh ra dng in cm ng trong mch in
kn l sut in ng cm ng.

n

n

n

Hnh 38.3 Cc ng sc t xuyn
qua din tch S.

a)  hp vi  gc ;

b)  hp vi  gc .

T thng qua din tch S tng
ln hai  ln th s ng sc t qua
din tch  thay i  th no ?

Hnh 38.4 Dy n v cun dy
cm ng trong n ghi ta in.

1 .  Nam chm vnh cu.  

2.  Cun dy ;  3.  Dy n bng thp.

C2

2


 >Bn

2


 <Bn
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n ghi ta in (nh u chng)
c cu to c,  khng c hp cng
hng.  S d ta nghe c m pht
ra bi dy dn l nh  su cun dy
cm ng gn vo n  bn di su
dy n.  Mi cun dy cm ng
gm mt nam chm vnh cu nh 1
t bn trong mt cun dy 2
(Hnh 38.4).  Cun dy 2 c ni
vi my tng m.  

V dy n bng thp nn on
dy nm st ngay bn trn nam
chm ca cun dy cm ng c t
ho.  Khi gy n th dy n dao
ng.  Do  t thng qua cun dy
2 thay i,  sinh ra dng in cm
ng.  Dng in cm ng bin i c
v chiu v cng  ph hp vi
dao ng ca dy n, ngha l ph
hp vi dao ng ca m.  Dng in
cm ng c a n my tng m
v pht ra qua loa lm ta nghe c
m do dy n pht ra.

Hnh 38.5 Th nghim v nh lut
Len-x.

Trong th nghim ny ta dng
in  k c vch s 0  gia  xc
nh chiu  ca dng in  cm ng.

a)  a cc Bc ca nam chm
li  gn  u  (1 )  ca ng dy.  Chiu
ca dng in  cm ng c ch
bng cc mi  tn   ng  dy.  u  1
l cc Bc ca ng dy.

b)  a cc Bc ca nam chm
ra xa u  (1 )  ca ng dy.  u  1  l
cc Nam ca ng  dy.

T hai th nghim ni trn v nhiu th nghim
khc, ta c th rt ra kt lun chung l :

Khi c s bin i t thng qua mt gii hn bi
mt mch kn th trong mch xut hin sut in ng
cm ng. 

Hin tng xut hin sut in ng cm ng
c gi l hin tng cm ng in t.

Hin tng cm ng in t c Fa-ra-y pht
minh v cng b vo nm 1831 .   l mt trong s
nhng pht minh quan trng nht trong lnh vc
in t.

4. Chiu ca dng in cm ng. nh lut
Len-x

a) Th nghim 
Ta xc nh chiu dng in cm ng theo s 

th nghim nh trn Hnh 38.5.

b) Nhn xt

T th nghim, ta c nhn xt l khi nam chm
li gn ng dy th t trng ca dng in cm ng
trong ng dy nh mun ngn cn nam chm li
gn n ;  cn khi nam chm ra xa ng dy th t
trng ca dng in cm ng li cng nh mun
ngn cn nam chm ra xa n.

c)  nh lut Len-x

Nhn xt trn cng l ni dung ca nh lut xc
nh chiu ca dng in cm ng, gi l nh lut
Len-x :

Dng in cm ng c chiu sao cho t trng
do n sinh ra c tc dng chng li nguyn nhn
 sinh ra n.

5. nh lut Fa-ra-y v cm ng in t 

Trn y ta  ni khi c s bin thin ca t
thng qua mt gii hn bi mt mch kn th trong
mch xut hin sut in ng cm ng.  Thc
nghim chng t rng,  ln ca sut in ng
cm ng trong mch kn t l vi tc  bin
thin ca t thng qua mch. Pht biu trn c
gi l nh lut Fa-ra-y v cm ng in t.
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Nu trong khong thi gian t  nh, t thng

qua mch bin thin mt lng  th l tc

 bin thin ca t thng.  V vy,  ta c th vit :

| e
c
| = k

Trong h SI,  h s t l k = 1 .  Nu k n nh

lut Len-x th trong h SI cng thc xc nh sut

in ng cm ng c vit di dng sau :

(38.2)

Du tr ()  biu th nh lut Len-x.

Trong trng hp mch in l mt khung dy

c N vng dy th

trong   l t thng qua din tch gii hn bi

mt vng dy.


= 


ce N

t


= 


ce

t



t



t

th nghim Hnh 38.5a,
nu gi thanh nam chm ng
yn v cho ng dy li  gn  thanh
nam chm th chiu  dng in
cm ng trong  ng dy c thay
i  khng ? Gii  thch.

Vn l th nghim  Hnh
38.5a,  nhng by gi quay thanh
nam chm  cho cc Nam ca
nam chm  bn phi.  a nam
chm li  gn  ng  dy th chiu
dng in  cm ng trong  ng
dy c thay i  khng  ?
Gii thch.

C4

C3

1 .  Hy pht biu  nh  ngha t thng v nu   ngha  ca khi  nim

t thng.

2. Khung dy dn  quay trong t trng u  xung  quanh trc OO  i

qua tm khung  dy (Hnh  38.6).  Hi  c dng in  cm ng trong

khung khng ? Gii  thch.  

3.  Hy pht biu  nh  lut Len-x.

4.  Trong  th nghim  Hnh  38.2,  u  bn tri  ng dy l u  Bc,  d i  chuyn  con  chy v bn  tri .

Dng  nh  lut Len-x hy ch ra chiu  ca dng  in  cm ng trong vng  dy.

5. Gi s cho thanh  nam chm v ng  dy trong th nghim  Hnh  38.5 cng  chuyn  ng sang

bn tri  vi  vn  tc nh nhau th kim ca in  k c b  lch  khi  vch 0 khng ?  Gii  thch.

6.  Hy vit cng  thc xc nh  sut in  ng  cm ng  trong mt mch in  kn.

cu hi

Hnh 38.6
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1 . Chn cu  ng.
Khung  dy dn  ABCD c t trong t trng u  nh
Hnh 38.7.  Coi  rng bn ngoi  vng MNPQ khng c t
trng.  Khung  chuyn  ng thng u  dc theo hai
ng song  song  xx,  yy.  Trong khung  s xut hin
dng in  cm ng khi  

A.  khung ang  chuyn ng  ngoi  vng MNPQ.

B.  khung ang  chuyn ng  trong  vng MNPQ.

C.  khung ang chuyn ng  t ngoi  vo trong vng  MNPQ.

D.  khung ang chuyn ng  n gn vng MNPQ.

2.  Chn  phng n  ng.

T thng   qua mt khung dy bin  i  theo thi  gian  c
cho trn  Hnh 38.8.  Sut in  ng cm ng ec trong  khung 
A.  trong  khong  thi  gian  0  0,1  s l = 3 V.

B.  trong khong thi  gian  0,1   0,2 s l = 6 V.

C.  trong  khong  thi  gian  0,2  0,3 s l = 9 V.

D.  trong  khong  thi  gian  0  0,3 s l = 4 V.

3. Chn phng n  ng.

Gi s khung dy m qua  t thng bin  thin  nh trn  Hnh  38.8
c dng hnh  ch nht MNPQ (Hnh  38.9).  Theo nh  lut Len-x
th dng in  cm ng trong  khung dy c chiu

A.  MNPQM.  

B.  MQPNM.

C.  0  0,2s :  MNPQM ;  0,2  0,3 s :  MQPNM.

D.  Cha kt lun  c v cha bit phng,  chiu  ca .

4.  Mt khung  dy dn hnh  ch nht kch  thc 3 cm x  4  cm t trong t trng u  c cm ng t

B = 5.1 0 4 T.  Vect cm ng  t hp vi  mt phng  khung mt gc 30o.  Tnh  t thng qua khung

dy dn  .  

5.  Mt hnh vung cnh 5 cm,  t trong t trng u c cm ng t B = 4.1 0 4 T.  T thng qua hnh

vung  bng 1 0 6 Wb.  Tnh gc hp bi  vect cm ng t v vect php tuyn vi  hnh vung .  

6.  Mt khung  dy phng,  d in  tch  20 cm2,  gm 1 0 vng c t trong t trng u.  Vect cm

ng t hp thnh  vi  mt phng  khung  dy mt gc v c  ln  bng  2.1 0 4 T.  Ngi  ta lm


6

B

4
c
e

3
c
e

2
c
e

1
c
e

bi tp

Hnh 38.7

Hnh 38.8

Hnh 38.9
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cho t trng gim u  n khng trong khong thi  gian  0,01  s.  Tnh  sut in  ng cm ng
xut hin  trong  khung dy trong  thi  gian  t trng bin  i.

7.  Khung dy MNPQ cng,  phng,  din tch 25 cm2,  gm 1 0
vng dy.  Khung dy c t trong t trng u.  Vect
cm ng t vung gc vi  mt phng khung dy v c
chiu nh trn Hnh 38.1 0a.  Cm ng t bin thin theo
thi  gian nh ng biu din trn Hnh 38.1 0b.

a)  Tnh   bin  thin  ca t thng  qua khung dy k t
lc t =  0 n t =  0,4 s.  

b)  Xc nh  sut in  ng cm ng trong  khung.

c)  Tm chiu  ca dng  in  cm ng trong khung.

Ngi  ta vn ni  rng Fa-ra-y l ngi  pht minh  ra hin

tng cm ng in  t.  Nhng cng nn ni  thm rng c lp v

hu nh ng thi  vi  Fa-ra-y,  cn c Hen-ri  (Joseph Henry,

1 797 1 878,  nh vt l  ngi  M)  l ngi  cng nghin  cu hin

tng ny.  Lc y Hen-ri  ang l mt gio vin.  ng  dnh  sut

k ngh h ca mnh  nghin  cu  hin  tng ny.  Nhng mi  mt

nm sau  Hen-ri  mi  cng b nhng kt qu nghin  cu  ca mnh.

V Fa-ra-y l ngi  cng b trc nn ng c u  tin  hng

bn quyn pht minh.  

Tuy Hen-ri  khng c cng nhn  l ngi  pht minh  ra hin  tng cm ng in  t,

nhng ngi  ta vn ly tn  ng t tn  cho n v   t cm ca ng  dy (s ni  n 

bi 41 )  l henri.  Cn n  v  in  dung ca t  in  th c gi  l fara.  y l iu  rt c

 ngha.  Bi  v,  trong mt mch  to ra dao ng in  t (s hc  lp 1 2)  bao gi cng

c t  in  v ng  dy nh trn  Hnh  38.1 1 .  

Ngoi  ra,  v mt con  ngi  th g ia hai  nh khoa hc ny li  c mt s ging nhau th

v.  Fa-ra-y l ngi  trng thnh bng t hc.  Nm 1 3 tui  ng  phi  i  hc vic trong

mt hiu  ng sch  Lun n.  ng  hc c rt nhiu  qua nhng quyn sch  .

Cn Hen-ri  th t nm 1 4 tui  cng  phi  i  hc vic trong  mt hiu  ng h  Niu Oc.

Em c bit ?

Hnh 38.11 Khung dao
ng.

Hnh 38.10
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Hnh 39.1 Th nghim v sut in
ng cm ng trong mt on dy
chuyn ng.

MN l on  dy dn cng,  PN v
QM l hai  thanh ray dn in  t
nm ngang.  T trng  u  v
hng t trn  xung di.

Hnh 39.2 Quy tc bn tay phi.

1 . Sut in ng cm ng trong mt on
dy dn chuyn ng trong t trng

Xt mt mch in nh trn Hnh 39.1 .  Cho
on dy dn MN chuyn ng v vn tip xc in
vi hai thanh ray,  ta thy kim in k lch khi vch
s 0.  iu  chng t khi  trong mch xut hin
sut in ng cm ng.  Khi on dy MN dng li
th kim in k li tr v vch s 0.  

C th on nhn rng sut in ng cm ng
trong mch ang xt thc cht ch xut hin khi
on dy MN chuyn ng.  Ni cch khc on
dy MN chuyn ng ng vai tr nh mt ngun
in, cn hai thanh ray ch ng vai tr cc dy ni
to thnh mch in.

Vy, khi on dy MN chuyn ng ct cc ng
sc t nhng khng ni vi hai thanh ray, th trong
on dy  vn xut hin sut in ng cm ng.  

2. Quy tc bn tay phi

th nghim trn,  khi on dy MN chuyn
ng v bn tri th dng in cm ng c chiu
MNPQM. Do  nu coi on dy  nh mt
ngun in th M l cc m, cn N l cc dng.
Vy ta c th pht biu quy tc xc nh cc 
cc ca ngun in  nh sau,  gi l quy tc bn
tay phi :

t bn tay phi hng cc ng sc t,  ngn
ci choi ra 90o hng theo chiu chuyn ng
ca on dy,  khi  on dy dn ng vai tr
nh mt ngun in,  chiu t c tay n bn ngn
tay ch chiu t cc m sang cc dng ca
ngun in  (Hnh 39.2).

Sut in ng cm ng trong
mt on dy dn chuyn ng3939
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Trong nhiu trng hp ta cn
pht biu v chiu dng in cm ng
c sinh ra trong on dy chuyn
ng, nu on dy  c ni
thnh mch kn.  Trong trng hp 
ta cng c th dng quy tc bn tay
phi ni trn, bi v bn trong ngun,
chiu dng in l chiu t cc m
sang cc dng.  Vy quy tc c th
c pht biu l :

t bn tay phi hng cc ng
sc t,  ngn ci choi ra 90o hng
theo chiu chuyn ng ca on
dy dn, khi  chiu t c tay n
bn ngn kia ch chiu ca dng
in cm ng trong on dy .

Hnh 39.3  gii thch s xut hin
sut in ng cm ng trong on
dy MN.

Khi  on dy chuyn ng,  cc
lectron t do chuyn ng v mt
u on dy lm cho mt u  tch
in  m,  u  kia tch  in  dng,
trong on  dy xut hin  in  trng
cm ng.

3. Biu thc sut in ng cm ng trong
on dy

Trc ht, ta tm thi coi on dy chuyn ng
v lun tip xc in vi hai thanh ray nh Hnh 39.1 .
Trong trng hp , sut in ng cm ng xut
hin trong mch c xc nh theo cng thc 38.2.

Nhng nh ta  ni,  sut in ng cm ng
trong mch  chnh l sut in ng trong on
dy chuyn ng.  V vy,  ta suy ra sut in ng
cm ng trong on dy chuyn ng c  ln l :

(39.1 )

cng thc ny  c th hiu l t thng c
qut bi on dy  trong thi gian t.  

Trong trng hp n gin,  chng hn chuyn
ng ca on dy MN trong th nghim Hnh 39.1

v cng vung gc vi MN,  ng thi 

vung gc vi th

 = BS = B(lvt)

trong  l l  di v v l tc  ca thanh MN.

T  ta rt ra cng thc :

(39.2)

Ta cng c th rt ra cng thc (39.2)  bng cch xt lc tc
dng ln cc lectron trong thanh MN chuyn ng.

Trong on dy MN c v s lectron t do.  Khi on dy
chuyn ng th cc lectron  cng chuyn ng vi cng
vn tc nh on dy.

V lectron mang in tch m nn theo quy tc bn
tay tri,  ta thy lc Lo-ren-x tc dng ln lectron c chiu
N M.  Do ,  u M ca on dy tha lectron, u N
thiu lectron.  Trong on dy MN xut hin in trng 
(Hnh 39.3).  Ta gi in trng ny l in trng cm ng.  

Lc ny ngoi lc Lo-ren-x , cn c lc in trng

cm ng tc dng ln lectron. Hai lc ny ngc chiu nhau.

Sau khong thi gian rt ngn, hai lc ny cn bng nhau.  

T lc  in trng cm ng gi gi tr n nh.  
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Mt thanh  dn in  MN
chuyn ng dc theo ng
sc ca t trng u  nh trn
Hnh 39.4 th sut in  ng
trong thanh bng bao nhiu  ?

Hnh 39.4

Hnh 39.5 Nguyn tc cu to ca
my pht in xoay chiu.  

C1 Gi E l cng  in trng cm ng khi  n nh th

c th vit :

eE = eBv

e l  ln in tch ca lectron.

T  ta rt ra :

E = Bv

Gi l l chiu di ca on dy MN th t biu thc (4.4)
ta c th vit :

U =  El = lBv

Trong trng hp mch h,  ln hiu in th gia hai

cc ca ngun in bng  ln sut in ng ca ngun.

T  rt ra cng thc (39.2).

Trong mt trng hp ring khc,  v cng

vung gc vi on dy, ng thi hp vi 
mt gc  th c th chng minh rng  ln ca

sut in ng trong on dy l :  

(39.3)

Ta  ni on dy dn chuyn ng trong t
trng c coi nh mt ngun in.  Khi  lc
Lo-ren-x tc dng ln cc lectron ng vai tr
lc l to thnh dng in.

4. My pht in

 My pht in l mt ng dng quan trng
v quen thuc ca hin tng cm ng in t
trong cc on dy chuyn ng.  Khi khung 
dy quay, cc cnh AD,  BC ct cc ng sc
(Hnh 39.5).  V vy trong cc on dy  xut hin
sut in ng cm ng.

Hai u khung dy ni vi hai vng ng, hai
vng ng tip xc vi hai chi qut Q.  Mi chi
qut l mt cc ca my pht in.

Dng in a ra mch ngoi l dng in c
chiu thay i theo thi gian.

V vy my pht in ni trn gi l my pht
in xoay chiu.

c sinBle = v

Bv

B


v
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Hnh 39.6 Nguyn tc cu to ca
my pht in mt chiu.

I

 My pht in mt chiu c cu to nh trn

Hnh 39.6.  Khi khung quay, trong khung xut hin

sut in ng cm ng.  Hai bn khuyn bng ng

tip xc vi hai chi qut Q.  Mi chi qut l mt

cc ca my.  Dng in c a ra mch ngoi c

chiu khng i.

1 .  Hy th it lp biu  thc xc nh  sut in  ng  cm ng  trong  on  dy dn  chuyn  ng
trong t trng.

2. Hy pht biu  quy tc bn tay phi.  
3.  Hy nu  nguyn tc,  cu  to v hot ng ca my pht in.

1 . Chn phng n  ng.

Thanh  dn  in  MN trn  Hnh  39.7 chuyn ng

A.  theo chiu  c (ngha l theo chiu  ngn  ci  ca 
bn tay phi  choi  ra 90o).

B.  ngc chiu  vi  c.

C.  theo chiu  .

D.  ngc chiu  .

2.  Mt thanh  dn  in  di  20 cm tnh  tin  trong t trng u,

cm ng t B = 5.1 0 4 T.  Vect vn tc ca thanh  vung

gc vi  vect cm ng t v c  ln  bng 5 m/s.  Tnh  sut in  ng cm ng trong thanh.  

3.  Mt thanh  dn in  di  20 cm c ni  hai  u  ca n vi  hai  u  ca mt on  mch  in  c

in  tr 0,5 .  Cho thanh tnh  tin  trong t trng u  cm ng t B = 0,08 T vi  tc  7 m/s.

Hi s ch ca ampe k t trong  mch in   l bao nhiu  ? Cho bit vect vn tc ca thanh

vung gc vi  cc ng sc t v in  tr ca thanh  rt nh.

4.  Mt thanh dn in  tnh  tin  trong  t trng u,  cm ng  t bng 0,4 T.  Vect vn tc ca thanh

hp vi  ng sc t mt gc 30o.  Thanh  di  40 cm.  Mt vn  k ni  vi  hai  u  thanh ch 0,2 V.

Tnh  tc  ca thanh.

B

B

bi tp

cu hi

Hnh 39.7
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Hnh 40.1 Th nghim v dng in
Fu-c.

K l tm kim loi  l in  khi  c treo
vo thanh T.  Cho K dao ng trong
t trng gia hai  cc ca nam
chm th n s dng li  kh nhanh.

Hnh 40.2 Cho tm kim loi c rnh
x dao ng gia hai cc ca nam
chm,  n s dao ng c lu hn.

1 . Dng in Fu-c

a) Th nghim 

B tr th nghim nh  Hnh 40.1 .

Cho tm kim loi (ng hay nhm) dao ng trong
t trng ca nam chm. Ta thy tm kim loi ch dao
ng trong khong thi gian ngn ri dng li.

b) Gii thch

Khi tm kim loi dao ng, n ct cc ng sc
t ca nam chm.  Do  trong tm kim loi sinh ra
dng in cm ng.

Theo nh lut Len-x, dng in cm ng trong
tm kim loi c tc dng ngn cn s chuyn ng
ca chnh tm kim loi .  V vy tm kim loi
dng li nhanh chng.

Mt khi vt dn t trong t trng bin i
theo thi gian,  th trong khi vt dn  cng sinh
ra dng in cm ng.   l trng hp dng in
cm ng trong li ca my bin th.

Ta gi dng in cm ng c sinh ra  trong

khi vt dn khi vt dn chuyn ng trong t

trng hay c t trong t trng bin i theo

thi gian l dng in Fu-c.

c tnh chung ca cc dng in Fu-c l tnh
cht xoy.  Ni cch khc, cc ng dng ca dng
Fu-c l cc ng cong kn trong khi vt dn.  Thay
tm kim loi lin khi trong th nghim Hnh 40.1
bng tm kim loi c rnh x nh Hnh 40.2, th thy

Trc y, ta mi ch ni n dng in cm ng c

sinh ra trong cc dy dn. Trong bi ny ta s ni v dng

in cm ng c sinh ra trong vt dn dng khi. 

Dng in Fu-c

4040
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tm kim loi ny dao ng lu hn, v khi  in tr
ca tm kim loi i vi dng Fu-c tng, lm cho
cng  dng Fu-c gim.

2. Tc dng ca dng in Fu-c

Trong mt s trng hp, dng in Fu-c l cn
thit v c ch,  trong mt s trng hp khc dng
in Fu-c li c hi.  

a) Mt vi v d ng dng dng Fu-c 

Tc dng gy ra lc hm ca dng Fu-c trong
mt s trng hp l cn thit.  Ngi ta li dng tc
dng ny  hm chuyn ng, nht l chuyn ng
quay ca mt b phn no  trong mt s thit b
my mc hay dng c.  Chng hn khi ta cn mt
vt bng cn nhy, thng l kim ca cn dao ng
kh lu.   trnh tnh trng ,  ngi ta cho kim
dao ng gia hai cc ca mt nam chm, dao ng
ca kim s tt kh nhanh.  

Ngi ta cng s dng tc dng hm ca dng
Fu-c trong phanh in t  cc xe c ti trng ln.

Cng t in dng trong gia nh l mt dng c
in quen thuc, trong  dng Fu-c c vai tr cn
thit.  Khi dng in qua cun dy trong cng t, n
s sinh ra momen lm cho a kim loi ca cng t
quay.  a kim loi t gia hai cc ca mt nam
chm hnh ch U (Hnh 40.3).  Khi a kim loi quay,
s sinh ra dng in Fu-c trong a.  Dng in
Fu-c gy ra momen cn tc dng ln a.  Khi cn
bng gia momen quay v momen cn, th a quay
u.  Khi ngt dng in, mc d khng cn momen
quay tc dng ln a, nhng a vn tip tc quay v
qun tnh.  Khi  dng in Fu-c c tc dng lm
cho a ngng quay mt cch nhanh chng.

b) Mt vi v d v trng hp dng Fu-c  c hi 

Nhiu thit b in c cu to di dng mt li
st t trong mt ng dy c dng in xoay chiu

Hnh 40.3 a kim loi trong cng t

in quay gia hai cc mt nam

chm hnh ch U.
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Hnh 40.4 Li ca my bin th gm
nhng l thp silic ghp vi nhau.

1 .  Hy nu  mt vi  v d  trong  c dng in  Fu-c xut hin.

2.  K thm mt vi  ng  dng ca dng in  Fu-c.

3.  K thm mt vi  trng hp dng  in  Fu-c c hi.  Trong nhng trng hp  ngi  ta

khc phc bng  cch no ?  

1 . Chn pht biu  sai .

A.  Mt tm kim  loi  dao ng  g ia hai  cc mt nam chm th trong  tm kim  loi  xut h in

dng in  Fu-c.

B.  Hin  tng xut h in  dng in  Fu-c thc cht l h in  tng cm ng in  t.

C.  Mt tm kim loi  ni  vi  hai  cc mt ngun in th trong tm kim loi  xut hin dng in Fu-c.

D.  Dng  in  Fu-c trong  li  st ca my bin th l dng in  c hi.

bi tp

cu hi

chy qua.  Li st ny c tc dng tng cng t
trng.  Dng in trong ng dy bin i theo thi
gian nn trong li st xut hin dng in Fu-c.  S
xut hin dng in Fu-c trong trng hp ny l
c hi.  Th nht l nhit to ra do dng Fu-c s
lm cho li st b nng c th lm hng my.  Th
hai l dng Fu-c lun lun c xu hng chng li
nguyn nhn  gy ra n.  Trong trng hp ng
c in,  n chng li s quay ca ng c.  Do ,
n lm gim cng sut ca ng c.  

 gim tc dng c hi ca dng Fu-c,  ngi
ta khng dng li st di dng khi lin,  m dng
nhng l thp silic mng c ph lp sn cch in
ghp st vi nhau (Hnh 40.4).  Ngoi ra,  nhng l
mng ny li c t song song vi ng sc t.
Lm nh vy in tr ca li st i vi dng 
Fu-c tng ln.  Bng cch ,  tuy ta khng kh
c trit  dng Fu-c,  nhng cng lm gim
cng  ca n mt cch ng k.
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Hnh 41.1 Th nghim v hin tng
t cm khi ng mch.

Hai  bng  n 1 v 2 trong hai

nhnh l ging nhau.  Chn in  tr
R  nhnh (1 )  bng in  tr thun
ca cun dy c li  st  nhnh (2).

Sau khi  ng kho K t lu,
 sng hai  bng n  1 v 2
trn  Hnh  41 .1  c ging nhau
khng ? Gii  thch  ti  sao ?

Hnh 41.2 Th nghim v hin tng
t cm khi ngt mch.

C1

1 . Hin tng t cm 

a) Th nghim 1 

B tr th nghim nh s   Hnh 41 .1 .

Khi ng cng tc K ta nhn thy bng n 1
sng ln ngay, cn bng n 2 sng ln t t mc
d in tr thun ca hai nhnh ging nhau.

Hin tng trn c th gii thch nh sau.  Khi
ng cng tc,  dng in trong c hai nhnh u
tng (lc u i = 0,  sau  i 0).  Ring trong
nhnh (2) dng in tng lm cho t thng qua ng
dy bin i,  v vy xut hin dng in cm ng
trong ng dy.  Dng in cm ng c tc dng
chng li nguyn nhn  gy ra n,  nn dng in
trong nhnh (2)  khng tng ln nhanh chng.  V
vy bng n 2 sng ln t t.

b) Th nghim 2

B tr th nghim nh s   Hnh 41 .2.  

Ngt cng tc K.  Ta nhn thy bng n khng
tt ngay m lo sng ln ri sau  mi tt.

Hin tng trn c th gii thch nh sau :  Khi

cng tc ngt,  dng in trong mch gim, lm cho

t thng qua ng dy bin i.  V vy trong ng dy

cng xut hin dng in cm ng.  Theo nh lut

Len-x th dng in cm ng cng chiu vi dng

in trong mch do ngun gy ra,  dng in ny i

qua bng n.  Kt qu l bng n lo sng ln ri

sau  mi tt.

Cc hin tng trn y u l cc hin tng

cm ng in t.  Nhng nguyn nhn dn n cc

hin tng  li chnh l s bin i ca dng

in trong mch ta ang kho st.

H in tng t cm
4141
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Hy thnh lp cng thc (41 .2).
Hng dn. S dng cc cng thc
(41 .1 )  v (29.3).

C th p dng cng thc
(41 .2)  cho ng dy  Hnh  41 .3a,
hay ng dy  Hnh  41 .3b,  hoc c
hai  ng dy c khng ?

Hnh 41.3 Cun dy.

a)  Khng c li  st.  

b)  C li  st.

C3

C2

Hin tng cm ng in t trong mt mch
in do chnh s bin i ca dng in trong
mch  gy ra gi l hin tng t cm.

Hin tng t cm trong th nghim 1  l hin
tng t cm khi ng mch, cn trong th
nghim 2 l hin tng t cm khi ngt mch.

2. Sut in ng t cm

a) H s t cm 

Sut in ng xut hin do hin tng t
cm gi l sut in ng t cm.   thnh lp
cng thc tnh sut in ng t cm, ta cn
thnh lp cng thc tnh t thng  ca t
trng do dng in gy ra trong mch.

Xt mt mch in c dng in i chy qua.
T thng qua din tch ca mch t l vi t
trng do dng in sinh ra.  T trng ny li
t l vi cng  dng in.  Vy t thng qua
din tch gii hn bi mch in t l vi cng
 dng in trong mch  :  

 = Li (41 .1 )

T (41 .1 )  suy ra :  (41 .1a)

H s t l L trong cng thc (41 .1a) gi l
h s t cm (hay  t cm) ca mch in.  

Trong h SI,  n v ca h s t cm l henri,
k hiu l H.

Biu thc tnh h s t cm ca mt ng dy
di t trong khng kh l :  

L = 4.107n2V (41 .2) 

trong  n l s vng dy trn mt n v chiu
di ca ng, V l th tch ca ng.

b) Sut in ng t cm

Sut in ng c sinh ra do hin tng t
cm gi l sut in ng t cm.  

H s t cm ca mt mch in (khng c li
st t) l i lng khng i.  Do , c th vit

 = Li


=L

i
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1 .  Hy nu  mt vi  v d  v hin  tng t cm.  

2.  Hy nu  cng thc nh  ngha h s t cm ( t cm).

3.  Hy vit biu  thc xc nh  sut in  ng  t cm.

4.  Hy vit biu  thc tnh  h s t cm ca ng dy di.  

Chn phng n  ng.

1 .  S bin  i  ca dng in  trong  mt mch in  theo thi  gian

c cho trn  Hnh  41 .4.  Gi  sut in  ng  t cm trong

khong  thi  g ian  t 0 s n  1 s l  e1 ,  t 1 s  n  3 s l  e2.

Ta c :

A. . B. .

C. .  D. .

2. Tnh  h s t cm ca mt ng  dy di  50 cm,  d in  tch  tit d in  ngang  ca ng  l  1 0 cm2.

Cho bit ng dy c 1 000 vng dy.

3.  Mt ng dy di  c qun  vi  mt  2 000 vng/m.  ng  c th tch  500 cm3.  ng  dy c mc

vo mt mch in.  Sau  khi  ng cng tc,  dng  in  trong ng  bin  i  theo thi  gian  nh  th

trn  Hnh  41 .5.  Lc ng  cng tc ng vi  thi  im t = 0.  Tnh  sut in  ng t cm trong  ng :

a)  T sau  khi  ng cng  tc n  thi  im t = 0,05 s.

b)  T thi  im t = 0,05 s v sau.

=1 2
1
2

e e=1 23e e

=1 22e e=1 2e e

bi tp

cu hi

Thay biu thc va vit vo (38.2),  ta suy ra
cng thc xc nh sut in ng t cm sau :

(41 .3)tc
i

e L
t


= 



Hnh 41.4

Hnh 41.5
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Nng lng t trng4242
1 . Nng lng ca ng dy c dng in

a) Nhn xt

Th nghim 2 trong bi 41  ni trn cho thy sau khi ta ngt
cng tc,  bng n vn cn sng trong mt khong thi gian.
Nng lng lm cho bng n sng khng phi do ngun m l
do ng dy cung cp.  Nng lng ny c tch tr trong ng
dy t trc khi ngt cng tc.  

b) Cng thc tnh nng lng ca ng dy c dng in

Ngi ta chng minh rng, khi c dng in cng  i chy
qua ng dy c h s t cm L th nng lng trong ng dy l :  

(42.1 )

2. Nng lng t trng

Khi cho dng in chy qua ng dy th trong ng dy c t
trng.  V vy,  ngi ta quan nim rng nng lng ca ng dy
chnh l nng lng ca t trng trong ng dy .

Ta xt trng hp ca mt ng dy di.  Cm ng t bn trong
ng dy c xc nh theo cng thc (29.3).  S dng cng
thc (41 .2) v cng thc (42.1 ),  ta thu c :

(42.2)

T trng trong ng dy l t trng u,  nn nu gi w l
mt  nng lng t trng th c th vit W = wV.  Do ,
ta tm c :  

(42.3)

Cng thc (42.3)  ng c cho trng hp t trng khng

u v t trng ph thuc thi gian.

7 21
10

8
w B



=



=
7 21

10
8

W B V

21

2
W Li=

Hy rt ra cng

thc (42.2).

So snh  cc

cng thc tnh  mt

 nng lng in

trng  (8.4)  v

cng thc mt 

nng  lng  t

trng  (42.3) ,  ta

nhn  thy c s

tng  t g   ng

ch  ?

C2

C1
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1 .  Hy vit biu  thc xc nh  nng lng ca t trng trong mt ng  dy di.  

2.  Hy vit biu  thc xc nh  mt  nng lng  t trng.

1 .  Chn p s ng.

Mt ng  dy c h s t cm bng 0,01  H.  Khi  c dng in  chy qua,  ng  dy c nng  lng

0,08 J.  Cng  dng  in  trong ng dy bng  :

A.  1  A . B.  2  A .

C.  3 A . D.  4 A .

2.  Mt ng dy di  40 cm c tt c 800 vng dy.  Din  tch  tit din  ngang ca ng dy bng 1 0 cm2.

Cng   dng  in  qua ng  tng  t 0  n  4  A.  Hi  ngun  in   cung  cp cho ng  dy

mt nng lng bng bao nhiu  ?  in  tr ca ng dy rt nh,  c th b qua.

bi tp

cu hi
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1 . Cho khung dy dn ABCD,  AB = 6 cm, BC = 4 cm.
Khung c th quay xung quanh mt trong hai trc thng
ng T1 ,  T2 ;  T1 qua hai trung im ca hai cnh AB,
DC ;  T2 qua hai nh A,  D ca khung (Hnh 43.1 ).
Khung quay trong t trng u,  cc ng sc l cc
ng nm ngang c chiu nh trn v.

a)  Gi v tr ca khung nh Hnh 43.1  (mt phng
khung dy cha cc ng sc t) l v tr ban u.
Dng in cm ng trong khung khi khung quay xung
quanh trc T1 c mt na vng k t v tr ban u c
chiu nh th no ?  Cng cu hi nh th i vi trng
hp trc quay l T2.  Nhn t trn xung, trong c hai
trng hp u thy khung quay theo chiu ngc chiu
quay ca kim ng h.

b)  Tc  gc  ca khung khi khung quay quanh
T1 v T2 u nh nhau.  Hi cng  ln nht ca
dng in cm ng qua khung trong hai trng hp
ni trn bng bao nhiu ?  Cho bit :  B = 0,05  T,  tc 
gc l 1 0 vng/giy,  in tr ca khung l R = 0,1  .

Bi gii

a)  Trng hp khung quay xung quanh trc T1 .

Gi s khung mi lch ra khi v tr ban u mt gc

nh trn Hnh 43.2.  Lc ny t thng qua

khung tng dn.  V vy,  theo nh lut Len-x dng
in cm ng trong khung phi c chiu ABCDA
(Hnh 43.2).

Khi khung quay  lch ra khi v tr ban u gc

th t thng qua khung gim dn.  V vy theo

nh lut Len-x dng in cm ng trong khung phi 

c chiu ADCBA (Hnh 43.3).

 Trng hp khung quay quanh trc T2.

2 2


 >

1 2


 <

Bi tp v cm ng in t4343

Hnh 43.2

Hnh 43.3

Hnh 43.1
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Theo nh lut Len-x ta tm c chiu dng in cm ng
nh trn Hnh 43.4 v 43.5.

Ch  :  Ta cng c th tm c chiu ca dng in cm
ng trong khung bng cch p dng quy tc bn tay phi i vi
cc on dy dn BC,  AD.

Chng hn p dng quy tc bn tay phi i vi on dy
dn BC trn Hnh 43.2 th u B ng vai tr cc m, u C
ng vai tr cc dng.  Do ,  dng in i ra khi on dy
t C v i vo  B.

Tng t nh vy i vi cc Hnh 43.3,  43.4,  43.5.

b) T thng qua khung dy trong c hai trng hp (khung
quay quanh T1 v T2)  u c th vit di dng :

 = BS cos
 l gc hp bi vect php tuyn vi mt phng khung dy
v vect 

Khi khung quay t thi im t n thi im t + t th 
bin thin ca t thng l 

 = BS [cos( + )   cos ]

Coi t rt nh th  cng rt nh, v vy c th vit

= BSsin2 (sin )
2

BS



 

 =   
 

2 sin sin
2 2

BS
 


  

=  + 
 

.B
n

Hnh 43.4 Hnh 43.5
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T  c th rt ra biu thc xc nh sut in ng cm
ng trong khung :

= BSsin

Theo iu kin  cho ta hiu khung quay u quanh trc

quay, v vy

T biu thc va tm c, ta rt ra sut in ng cm ng
ln nht trong khung bng BS .  Do ,  cng  dng in
cm ng ln nht qua khung l :

= 0,075 A

2. Mt khung dy dn trn tm O t trong t trng
u B = 0,005 T,  ng sc t vung gc vi mt
phng khung dy.  Thanh kim loi OM di l = 50 cm,
quay quanh im O v u M ca thanh lun lun tip
xc vi khung dy.

im C ca khung dy c ni vi u O ca
thanh kim loi qua mt ampe k.  Chiu quay ca
thanh kim loi OM v chiu ca ng sc t c ch
r trn Hnh 43.6.

a)  Hy ch ra chiu dng in cm ng qua cc on dy dn
C1M v M2C.

b)  Si dy dn lm khung c tit din nh nhau v c in
tr R = 0,05  .  Hi khi thanh kim loi OM quay t im 1  n
im 2 th s ch ca ampe k thay i nh th no ?  Hi s ch
ca ampe k khi u M ca thanh i qua im D ?

Cho bit thanh OM quay u vi tc  gc l 2 vng/giy.

Bi gii

a) Khi thanh kim loi quay th thanh kim loi ng

vai tr nh mt ngun in.

Theo quy tc bn tay phi ta xc nh c u O ca

thanh l cc m, u M l cc dng ca ngun in .

Do  cc dng in i1 ,  i2 c chiu nh  ch ra trn

Hnh 43.7.




3,14.10
= =

40,05.24.10 .2.

0,1

BS
i

R

.
t





=



c sine BS
t t




 
=  =

 

Hnh 43.6

Hnh 43.7
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b) Gi s thanh OM quay c mt gc nh .  Khi 
thanh OM  qut c mt din tch bng din tch c t
mu xanh trn Hnh 43.7.  V  nh nn cung trn MM '  cng
nh.  Do  ta c th coi hnh OM 'M l hnh tam gic.  Din tch

hnh tam gic  l

T thng m thanh OM  qut c tng ng vi din tch

 l :

Theo (39.1 )  ta rt ra sut in ng cm ng trong thanh OM
c  ln bng :

V thanh OM quay u nn Do 

Gi cung C1M l  th cung M2C bng 2  .

Gi R1 l in tr on dy C1M v R2 l in tr on dy C2M.

;

Cng  dng in qua ampe k l :

Khi u M ca thanh kim loi gn im 1  th  rt nh, gn

im 2 th (2  )  cng rt nh, khi  i rt ln.  Do tnh cht

i xng ca khung dy nn ta c th suy lun ra rng khi u

M tin n gn D th i gim dn, ra xa D th i tng dn.  Vy khi

M n ng im D th i cc tiu.  Khi   = .  Do  ta c :

= 0,63  A.


= =
2 22 2.0, 005.(0, 5) .4.3,14

0,05

Bl

R


= =



2
c c

ct 2

4 4e e
i

RR

 


= + =

 

2
c c c

1 2

4

(2 )

e e e
i

R R R

=
c

2
2

e
i

R
=

c
1

1

e
i

R

=  
2 (2 )

2

R
R=

1 ,
2

R
R

= 2
c

1
.

2
e Bl.

t





=



 
= =

 
2

c
1

2
e Bl

t t

 = 2
1
.
2

B l

21 1
( ) .

2 2
l l l  = 
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3. Mt ng dy di 40 cm, ng knh 4 cm c 400 vng dy

qun st nhau.  ng dy mang dng in cng  I = 1  A.

a) Hy tnh cm ng t v nng lng t trng trong ng dy.

b) Tnh t thng qua ng dy.

c)  By gi ngt ng dy khi ngun in.  Hy tnh sut in

ng cm ng trong ng dy.  Coi rng t thng qua ng dy

gim u t gi tr ban u n 0 trong khong thi gian 0,01  s.

Bi gii

a) p dng cng thc (29.3), trong 

ta tnh c :
B = 4.107nI = 4.107.1000.1

= 4.3 ,1 4.104 = 0,00126 T.  

Nng lng t trng trong ng dy c tnh theo

cng thc (42.2)  :

= 2.1014.104.0,4

= 3,2.(3 ,1 4)2.105 = 31 ,6.105 J.

b) T thng qua ng dy :

 = 400.B.R2

= 400.4.104..4.104

= 64.(3,1 4)2.106 = 632.106 Wb.

c) T thng gim u t gi tr 632.106 Wb n 0 trong

khong thi gian 0,01  s  nn sut in ng cm ng t trong

ng dy c  ln l :


= = =



6

c
632.10

0,063 V.
0, 01

e
t

= 


7 4 21
10 (4 .10 ) V

8
W

400
.100 1 000,

40
n = =
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Bi  c thm

Mt s mc thi gian ng lu  trong lnh vc in t

Con ngi  bit n nhng hin tng in v t t rt sm.  Tuy
nhin nhng hiu bit lc  cn rt th s v ri rc.  Ct mc c 
ngha quan trng u tin l nm 1600.

Nm 1600,  Gin-bt (William Gilbert,  nh vt l
ngi Anh) cng b mt cng trnh vi tiu 
"Lun v nam chm,  cc vt t v v nam chm
khng l l Tri t".  Trong cng trnh  ng 
tng kt nhng hiu bit ca con ngi v in v
t t trc cho n lc by gi.  

Nm 1785, Cu-lng (Charles Coulomb, 1736 1806,

nh vt l ngi Php),  bng chic cn xon,  pht

hin ra nh lut tng tc ca cc in tch im.

Nm 1786,  Gan-va-ni (Luigi Galvani,  1737 1798,
nh gii phu hc ngi I-ta-li-a)  nhn thy nhng
chic i ch c treo  mt u bng si dy
ng b co bp c bit mi khi u kia chm vo
thanh st  ca ban cng.  C th coi  l s pht
hin ra tc dng sinh l ca dng in.

Nm 1800,  Vn-ta (Alessandro Volta,  1745 1827,
nh vt l ngi I-ta-li-a)  ch to c chic pin
u tin ca loi ngi. Chic pin  l mt
chng cc vng bc v km xen k nhau v phn
cch nhau bng cc lp vi tm dung dch axit.
Chic pin  c kh nng "phng in" lin tc,
lm cho Hi Hong gia Lun n v Vin
Hn lm Pa-ri rt thn phc.  V pht minh ny m
Na-p-l-ng (Bnapac)   phong cho Vn-ta
tc hiu B tc.
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Nm 1820,  -xtt (Hans Christian Oersted,
1777 1851,  nh vt l ngi an mch)  pht hin
ra tc dng t ca dng in.  Pht hin ny 
to ra mt bc ngot trong lch s nghin cu
in t.  

Nm 1820 1822,  ngay sau pht minh ca
-xtt,  Am-pe (Andr Marie Ampre,  1775 1836,
nh vt l ngi Php)  nu ln nh lut v tc
dng ca t trng ln dng in v v tng tc
gia hai dng in.

Nm 1820,  cng ngay sau pht minh ca
-xtt,  Bi- (Jean Baptiste Biot,  1774 1862 nh
vt l ngi Php) (nh bn) v Xa-va (Flix Savart,
1791 1841, nh vt l ngi Php)  xc nh c
t trng ca dng in thng.  

Nm 1827,  m (Georg Simon Ohm,  1789 1854,
nh vt l ngi c) pht biu nh lut c bn
v lin h gia dng in v hiu in th,   l
nh lut m.  

Nm 1831 ,  Fa-ra-y (Michael Faraday,
1791  1867,  nh vt l ngi Anh)  pht minh ra
hin tng cm ng in t.  
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Nm 1832,  Hen-ri (Joseph Henry,  1797 1878,
nh vt l ngi M)  pht hin ra hin tng
tcm.

Nm 1833,  Len-x (Heinrich Friedrich Emil
Lenz,  1804 1865,  nh vt l ngi Nga) pht
hin ra quy tc xc nh chiu ca dng in
cm ng.

Cng trong nm 1833,  Fa-ra-y thit lp
nh lut c bn ca in phn.

Nm 1841,  Jun (James Prescott Joule,
1818 1889,  nh vt l ngi Anh)  pht hin ra
tc dng nhit ca dng in.

Nm 1860 1865,  Mc-xoen (James Clerk
Maxwell,  1831  1879,  nh vt l ngi Anh)
cng b nhng cng trnh v l thuyt trng
in t.   l l thuyt tng qut trong lnh
vc ny.
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1 .  T thng qua din tch S :   = BS cos.

2. Sut in ng cm ng trong mch in kn :

  ln sut in ng cm ng trong mt on dy chuyn ng :

ec =  Blv sin

 Sut in ng t cm :  

=

3. Nng lng t trng trong ng dy :  

4.  Mt  nng lng t trng :  

w B


=
7 21

1 0
8

21
 = 

2
W Li






i
L

t
tce

ce
t


= 



m tt chng V

TT
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Quang hc l ngnh hc v cc hin  tng l in  quan  ti  nh  sng,  cc nh  lut quang  hc v cc
dng c  quang c s dng nhiu  trong khoa hc v i  sng.  Chng trnh  quang  hc lp 1 1  ch
 cp ti  phn quang  hnh  hc,  trong  dng  phng php hnh  hc  l  gii  cc hin  tng 
quang  hc.

L thuyt Quang  hnh  hc  gii  thch  thnh cng cc hin  tng nh phn x v khc x nh  sng.
Tuy nhin,   nghin  cu mt s hin  tng khc nh giao thoa,  nhiu  x nh  sng. . .  khng th dng
l thuyt ny,  m ta phi  dng l  thuyt quang  hc sng,  trong   xt nh  sng  nh mt sng.

Vo cui  th k XIX v u th k XX,  vic pht hin ra cc hiu ng quang in v Com - tn dn n
s ra i  l  thuyt phtn v nh  sng,  coi  nh  sng  gm nhng ht gi  l phtn.  L thuyt phtn
v quang sng  s c trnh  by trong chng trnh  vt l  lp 1 2.

PHN HAI

quang hnh hc

nh Thp Ra trn mt nc H Gm c to thnh do hin tng phn x nh sng.
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quang hnh hc

khc x nh sng

Mt. Cc dng c quang



21 3

CHNG VI

khc x nh sng

Chng ny trnh  by v hin  tng khc x nh  sng khi  mt
chm tia sng i  qua mt mt phn cch  hai  mi  trng truyn nh
sng,  trong  ,  trng  tm l nh  lut Snen  -cc,  ng thi  
cp ti  cc khi  nim v chit sut t i  v chit sut tuyt i  ca
mi  trng,  v trnh  by v nguyn  l  thun nghch  trong s truyn
nh sng.
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-cc
(Ren Descartes 1596  1650,

nh trit hc,  ton hc,
vt l hc ngi Php)

Hnh 44.1 Chm sng b gy khc
khi i vo trong nc.

Hnh 44.2 S  th nghim kho st

hin tng khc x nh sng.

1 . nh ngha hin tng khc x nh sng

Khc x l hin tng chm tia sng b i
phng t ngt khi i qua mt phn cch hai mi
trng truyn nh sng.

Trong Hnh 44.1  chm tia sng (1 )  c gi l
chm tia ti.  Chm tia sng (2)  gi l chm tia
khc x.

H hai mi trng truyn sng phn cch bng
mt phng c gi l lng cht phng.  Mt phn
cch hai mi trng l mt lng cht.

2. nh lut khc x nh sng

a) Th nghim

Trn mt tm knh m, t mt bn bn tr D
bng cht rn trong sut,  v d bng thu tinh.  Trn
tm knh c mt vng trn chia  C (Hnh 44.2).  

Chiu mt tia sng SI (im ti I l tm ca bn
tr) l l trn mt phng tm knh, ng i ca nh
sng c th quan st trn mt phng ny.  Th
nghim cho thy c tia khc x i trong khi bn
tr thu tinh.  Gi tia khc x  l IR.   

Gi NN' l php tuyn ti I ca mt lng cht.  

Gc c gi l gc ti i.  

Gc c gi l gc khc x r.

Mt phng lm bi tia ti vi php tuyn c
gi l mt phng ti.

Thc hin th nghim nhiu ln vi cc gc ti i
khc nhau v o cc gc khc x r tng ng.  Lp t
s gia sini v sinr ca cc ln o khc nhau, ta c
cng mt kt qu (xem Bng 44.1) (s sai khc gia
cc kt qu ny rt nh, do sai s trong cc php o).

'RIN

SIN

KHC X NH SNG4444
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b) nh lut

T th nghim trn,  ta rt ra nh lut khc x
nh sng (cn gi l nh lut Snen  -cc).

Tia khc x nm trong mt phng ti.

Tia ti v tia khc x nm  hai bn php tuyn ti
im ti.

i vi hai mi trng trong sut nht nh,  t s
gia sin ca gc ti v sin ca gc khc x l mt
hng s :

(44.1 )

Hng s n tu thuc mi trng khc x
(mi trng cha tia khc x) v mi trng ti
(mi trng cha tia ti).

Ta c th vit cng thc trn di dng

sini = nsinr (44.2)

 Nu n > 1  (ta ni mi trng khc x chit quang
hn mi trng ti) th sini > sinr hay i > r.
Trong trng hp ny, khi i qua mt phn cch,
tia sng khc x i gn php tuyn hn tia ti
(Hnh 44.3a).  

 Nu n < 1  (ta ni mi trng khc x chit
quang km mi trng ti)  th sini < sinr hay
i < r. Trong trng hp ny, khi i qua mt phn cch,
tia khc x i xa php tuyn hn tia ti (Hnh 44.3b).

3. Chit sut ca mi trng

a) Chit sut t i

Trong biu thc ca nh lut khc x (44.1 ),
n l chit sut t i ca mi trng 2 (mi trng
khc x) i vi mi trng 1  (mi trng ti).

Trong l thuyt v nh sng, chit sut t i ny
bng t s gia cc tc  v1 v v2 ca nh sng khi
i trong mi trng 1  v trong mi trng 2.

(44.3)

b) Chit sut tuyt i

Chit sut tuyt i ca mt mi trng l chit
sut t i ca mi trng  i vi chn khng.

1
21

2
n n =

v

v

sin

sin 

i
n

r
=

Bng 44.1

Nu gc i c gi tr b (< 10o),
th r cng c gi tr b.  Khi  :
sini  i,  sinr  r.

Ta c :  i  nr.

a)                     b)

Hnh 44.3

Tc  truyn ca nh sng
trong nc l :

v1 = 225 000 km/s

Tc  ca nh sng trong thu
tinh l :

v2 = 200 000 km/s

Do  chit sut t i ca thu
tinh i vi nc l :

Trong chn khng, tc  truyn
nh sng l c  300 000 km/s.

Vy, chit sut tuyt i ca
nc l :

Chit sut tuyt i ca thu
tinh l :

2
2

300 000 3
1, 5

200 000 2

c
n = = = =

v

1
1

300 000 4
1, 33

225 000 3

c
n = = = =

v

225 000
1,125

200 000
n = 

i 20o 30o 50o 70o

r 1 3o 1 9,5o 31 o 39o

sin

sin

i

r
1 ,52 1 ,50 1 ,49 1 ,49
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Khi  mt tia sng  i  t mi
trng  ny sang  mi  trng
khc,  chit sut t i  ca hai  mi
trng cho ta bit g v ng i
ca tia sng  ?

Bng 44.2  
Chit sut tuyt i  ca mt s cht

Chit sut ca mi trng tu
thuc mu sc ca nh sng.  Cc gi
tr trong bng trn thu c khi o
vi nh sng vng ca n natri.

Hnh 44.4

Hnh 44.5 nh ca mt im sng O
 y ca mt cc nc.

Mi  trng vt cht n

Thu tinh  thng 1 ,52

Pha l 1 ,6  1 ,8

Kim cng 2,42

Nc 1 ,33

Ru tyl ic 1 ,3

Benzen 1 ,5

Cacbon sunfua 1 ,63

Khng kh 1 ,000293

Kh cacbonic 1 ,00045

Kh hir 1 ,0001 4

C1 Theo nh ngha ny,  chit sut ca mi trng 1
v mi trng 2 ln lt l :

,

Nhn xt

V tc  ca nh sng truyn i trong cc mi
trng bao gi cng nh hn tc  nh sng  trong
chn khng (v < c),  nn chit sut tuyt i ca mi
cht u ln hn 1 .

Suy ra :

(44.4)

sini = n sinr = =

Do , nu t i = i1 v r = i2 (Hnh 44.4), th nh

lut khc x c th c vit di dng i xng sau :

n1sini1 = n2sini2 (44.5)

Ch thch : Thng thng khi ni chit sut

mi trng l n. . . ta hiu y l chit sut tuyt

i.  Nu  cp ti chit sut t i th phi ni r.

4. nh ca mt vt c to bi s khc x
nh sng qua mt phn cch hai mi trng

Xt im O nm  y mt cc nc.  Ta ch 

hai tia ti OA,  OB ;  OA vung gc vi mt nc,

ng thi B rt gn A.  Nu ko di cc tia ca chm

khc x th,  cc ng ko di gp nhau ti O '

(Hnh 44.5).  O '  l im nh o ca O.  t mt

ngoi khng kh sao cho chm khc x ni trn i

vo mt,  ta s c cm gic l y cc nh c nng

ln cao hn so vi bnh thng.

5. Tnh thun nghch trong s truyn nh sng 

Nu nh sng truyn t S ti R,  gi s theo ng

truyn l SIJKR,  th khi truyn ngc li theo tia RK,

2

1
sin

n
r

n21 . sinn r

2
21

1

n
n

n
=

2
2

c
n =

v
1

1

c
n =

v
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Mt ngi  nhn  thy con c
 trong nc.  Hi   c th m
trng con c th ngi   phi
phng mi  lao vo ch no,
ng vo ch ngi   nhn  thy
con c,  hay  pha trn,  pha di
ch  ? Gii  thch.

C2ng truyn l RKJIS (Hnh 44.6).   l tnh

thun nghch trong s truyn nh sng.

Hnh 44.6 ng truyn nh sng theo tnh thun nghch.

1 .  Hy k mt trng hp,  trong  tia sng khng b  khc x khi  i  qua mt phn cch hai  mi trng.

2.  Cho hai  mi  trng 1  v 2,  hy vit h thc gia cc chit sut t i  n21 v n1 2.

3.  Xt mt tia sng i  t mi  trng ny sang mt mi  trng khc.  Chit sut t i  gia hai
mi trng cho ta bit iu  g v ng i  tia sng  qua mt lng cht ?

1 . Chn cu  ng.

Chit sut t i  gia mi  trng khc x v mi  trng ti
A.  lun  ln  hn  1 .
B.  lun  nh hn 1 .
C.  bng t s gia chit sut tuyt i  ca mi trng khc x v chit sut tuyt i  ca mi trng ti.
D.  bng hiu  s gia chit sut tuyt i  ca mi  trng khc x v chit sut tuyt i  ca mi
trng ti.

2. Chn cu  ng.

Chit sut tuyt i  ca mt mi  trng truyn sng
A.  lun  ln  hn  1 . B.  lun  nh hn  1 . C.  bng  1 . D.  lun  ln  hn 0.

3.  Mt bn mt song song (mt bn trong sut gii  hn bi  hai  mt phng song song) c b dy 1 0 cm,
chit sut n = 1 ,5 c t trong khng kh.  Chiu ti  bn mt tia sng SI c gc ti  l 45o.

bi tp

cu hi
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a)  Chng t rng tia sng l ra khi  bn  c phng song song vi  tia ti .  V ng i  ca tia sng
qua bn.

b)  Tnh  khong cch  gia gi ca tia l v tia ti .

4.  Mt bn  mt song song c b dy 6 cm,  chit sut n = 1 ,5,  c t trong khng kh.
a)  Vt l mt im sng S cch bn 20 cm.  Xc nh  v  tr ca nh.
b)  Vt AB = 2 cm t song song vi  bn,  cch  bn  20cm.  Xc nh  v  tr v  ln  ca nh.

5.  Mt ci  chu t trn mt mt phng nm ngang,  cha mt lp nc dy 20 cm,  chit sut .

y chu l mt gng phng.  Mt M cch mt nc 30 cm,  nhn  thng gc xung y chu.
Xc nh  khong cch t nh  ca mt ti  mt nc.

V ng i  ca nh  sng qua quang h trn.

nh sng v mu sc

Trc N iu-tn,  ngi  ta  g ii  thch  s xut h in  ca cc mu  sc theo quan  im ca

A-ri-xtt (Aristote) nh sau :  "nh sng c mu trng.  Cc mu sc sinh ra l do mu trng b

yu i.  Khi  nh sng trng b  yu dn,  cc mu sau ln lt xut hin :  ,  vng,  lc,  lam,  tm".

Khng tho mn vi  s gii  thch trn,  Niu-tn  thc hin nhiu th nghim v thy rng,

nh sng trng l tng hp ca v s nh sng c mu sc khc nhau,  c gi  l cc nh

sng n sc.  Chit sut ca mt mi  trng tu thuc vo nh sng n sc i  qua.  Do ,

cc tia sng n sc n mt mt lng cht vi  cc gc ti  nh nhau s b  lch theo cc

phng khc nhau khi  i  vo mi  trng th hai.  T c s ny,  Niu-tn  gii  thch thnh cng

s tn sc ca mt chm nh sng trng khi  i  qua mt lng knh (hin tng mt chm nh

sng trng,  khi  i  qua mt lng knh,  b  tch ra thnh cc chm tia n sc s hc  lp 1 2).

Em c bit ?

4
=

3
n



21 9

1 . Hin tng phn x ton phn

Xt tia sng i t mi trng c chit sut n1
sang mt mi trng c chit sut n2 nh hn.

Trong trng hp ny, ta c :  

r > i (gc khc x ln hn gc ti).

Cho gc ti i tng dn, th gc khc x r cng
tng dn v lun lun ln hn i.

Khi r t gi tr ln nht l 90o,  th gc ti i cng
c gi tr ln nht l igh.  Ta c :

suy ra : (45.1 )

Th nghim cho thy, trong trng hp ny, nu
gc ti i nh hn igh,  tia sng ti mt lng cht c
mt phn b phn x, phn kia b khc x i vo mi
trng th hai (Hnh 45.1 ).

Nu gc ti i ln hn igh,  ton b nh sng s 
b phn x,  khng c tia khc x vo mi trng 
th hai (v khng th xy ra trng hp r > 90o)
(Hnh 45.2).

Hin tng ny c gi l hin tng phn x
ton phn.

Kt lun

Khi nh sng i t mi trng c chit sut ln

hn sang mi trng c chit sut nh hn v c

gc ti i ln hn gc gii hn igh,  th s xy ra hin

tng phn x ton phn,  trong  mi tia sng

u b phn x,  khng c tia khc x.

2
gh

1
sin

n
i

n
=

= =
o

1 gh 2 2. sin . sin 90n i n n

Hnh 45.1 S khc x v phn x
ca tia sng khi ti mt phn cch
hai mi trng (n1 > n2).  

Hnh 45.2 S phn x ton phn.

Gc ti  i ln  hn gc gii  hn,  tia
sng b  phn x ton phn.

PHN X TON PHN4545
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Hnh 45.3 S khc x ca nh sng
khi ti mt phn cch hai mi trng
(n1 < n2).  

Trong trng hp no,  ta
khng th quan st thy hin
tng khc x ca mt tia sng
ti  mt phn cch hai  mi  trng
trong sut ?

Hy cho bit cc iu  kin
 xy ra hin  tng phn x
ton phn.  

Hnh 45.4 ng i ca tia sng
trong si quang.

C2

C1

Tuy nhin,  v iu kin xy ra hin tng phn

x ton phn, ta vn ni l i igh ,  du "="  hiu theo

ngha l trng hp gii hn.

Xt mt tia sng i t mi trng c chit sut n1

sang mi trng khc c chit sut n2 ln hn n1 th

khi cho gc i tng dn, gc khc x r cng tng dn

nhng lun nh hn i.  Khi i t gi tr ln nht l 90o

th r t gi tr ln nht v bng igh ni  trn 

(Hnh 45.3).

Vy trong trng hp nh sng i t mi

trng c chit sut nh hn sang mi trng c

chit sut ln hn,  ta lun lun c tia khc x

trong mi trng th hai.

2. ng dng hin tng phn x ton phn

 Si quang 

Si quang c li lm bng thu tinh hoc cht

do trong sut c chit sut n1 ,  c bao quanh

bng mt lp v c chit sut n2 nh hn n1 .  

Xt tia ti SI n im I trn tit din MN ca si

dy.  Tia ny b khc x khi i vo si dy.  Tia khc

x ti mt  tip xc gia li v lp v ti I1 di gc

ti i ln hn gc ti gii hn v b phn x ton

phn. Hin tng phn x nh vy c lp li

nhiu ln lin tip ti cc im I2, I3,  . . .  (Hnh 45.4).
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Hnh 45.6 nh ca con ong truyn
qua mt b si quang.

Sau mt lot phn x lin tip nh trn,  tia sng
c dn qua si quang m cng  nh sng b
gim khng ng k (Hnh 45.5).

Nhiu si quang nh vy c th c ghp vi
nhau to thnh nhng b.  Nhng b ny li c
ghp v hn ni vi nhau, to thnh nhng cp
quang, c th c ti 3  000 si trong mt tit din ch
vo khong 1  cm2.

Trong y hc,  ngi ta dng b si quang  quan
st cc b phn  bn trong c th.   l phng
php ni soi.

Trong cng ngh thng tin,  cp quang c dng
 truyn cc d liu.  Mt h truyn thng dng cp
quang gm ba b phn chnh :  mt my pht bin
i cc tn hiu in thnh tn hiu quang, mt cp
quang c nhim v truyn cc tn hiu ny i,  v
mt my thu nhn cc tn hiu ra  u th hai ca
cp quang v bin chng tr li cc tn hiu in.

Cp quang c nhiu u im hn so vi cp kim
loi.  Trong ,  c hai u im rt ng  .  Cp
quang truyn c mt s lng d liu ln gp
nhiu ln (c th hng nghn ln) so vi cp kim
loi cng ng knh.  Ngoi ra,  cp quang rt t b
nhiu bi trng in t ngoi,  v cc si quang
c lm bng cht in mi.

Hnh 45.5 nh sng c dn qua si quang do hin tng phn x ton phn.
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1 .  Mt n chiu   trong  nc ri  mt chm sng  song  song ln  mt thong ca nc.  Pha trn  mt
thong  l mt mn E nm ngang.  Ta s nhn c mt vt sng trn  mn  E.   iu  khng nh  ny
ng hay sai  ?

2.  Hy k mt vi  ng dng  ca hin  tng phn  x ton  phn.

1 . Chn cu  tr li  ng.

Cho mt tia sng  i  t nc ra khng kh.  S phn x ton phn  xy ra khi  gc ti  :

A.  i < 49o. B.  i > 42o. C.  i > 49o. D.  i > 43o.

2. Cu no di  y khng ng ?

A.  Ta lun  lun  c tia khc x khi  tia sng i  t mi  trng c chit sut nh hn sang  mi  trng
c chit sut ln  hn.
B.  Ta lun  lun  c tia khc x khi  tia sng  i  t mi  trng c chit sut ln  hn sang mi  trng
c chit sut nh hn.

C.  Khi  chm sng phn x ton phn  th khng c chm sng khc x.

D.  Khi  c s phn x ton phn,  cng  chm sng phn x gn nh bng cng  chm sng ti.

3.  Mt khi  thu tinh  P c chit sut n = 1 ,5,  tit d in  thng  l mt tam gic cn  ABC vung gc ti B.
Chiu  vung  gc ti  mt AB mt chm sng song song  SI.

a)  Khi  thu tinh  P  trong khng  kh.  Tnh  gc D lm bi  tia l v tia ti .

b)  Tnh  li  gc D nu  khi  P  trong nc c chit sut n' = 1 ,33.

4.  C mt ming  g mng hnh  trn,  bn  knh  4 cm.  ngi  ta cm thng  gc mt chic inh  qua tm

O ca ming g ni  trong  chu  nc.  Thnh  chu thng ng v ra ming g cch thnh chu

1 0 cm.  Nc c chit sut n  =  1 ,33.

a)  Gi  chiu  di  phn  inh  nm trong  nc l OA.  Tm chiu  di  ln  nht ca OA sao cho d  

mt  u  cng  khng nhn  thy u  A ca inh  ?

b)  iu  chnh   chiu  di  ca phn inh  nm trong  nc bng 4 cm v thay nc bng mt cht

lng trong sut c chit sut n' = 1 ,38.  Hi  mt t ti  mt im trn  ng thng  ng st thnh

chu v cch mt nc 4 cm th c nhn  thy u  A ca inh  khng  ? 


 
 

4
=

3
n

bi tp

cu hi
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1 . Mt chu cha mt lp nc dy 30 cm,

chit sut ca nc l

a) Chiu mt chm tia sng song song ti mt
nc vi gc ti l 45o.  Tnh gc lch hp bi chm
tia khc x v chm tia ti.

b) Mt  trong khng kh, nhn xung y chu s
thy y chu cch mt nc mt on bao nhiu ?

Bi gii

a) p dng cng thc khc x :  sin i = n sinr.

suy ra

r = 32o

Gc lch gia tia khc x v tia ti l :

D = i  r = 13o

b) Xt chm tia sng t im A trn y chu i
qua mt thong ca nc ra ngoi khng kh.

Giao im ca cc tia l l nh A'  ca A cho bi
lng cht phng nc  khng kh.   c nh r,
gc ti i phi nh.

Ta c : ,

Suy ra

Mt khc,  ta c n sin i = sin r hay ni  r (v cc
gc nh).

Vy, ta c .

Suy ra = = =

1 3
' 30 22,5 cm.

4
HA HA

n

1 'i HA

r n HA
= =

=

'i HA

r HA

tan
'

HI
r r

HA
 =tan

HI
i i

HA
 =

= = =

osin sin 45sin 0, 53
4
3

i
r

n

4
.

3

Hnh 46.1 Tia sng gy khc ti I.

Hnh 46.2 nh y chu cho bi
lng cht phng nc  khng kh.

Bi tp v khc x nh sng 
v phn x ton phn4646
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Hnh 46.3 Tia l song song vi tia ti.

Hnh 46.4 nh cho bi bn mt
song song.

2. Mt vt AB thng, cao 5  cm, c t song song
vi mt bn thu tinh hai mt song song, chit sut 1 ,5,
b dy l 12 cm.  Vt AB cch bn 24 cm.

a) V ng i ca mt tia sng xut pht t nh
A ca vt,  ti bn di gc ti 60o v i qua bn.

b) Xc nh v tr v  ln ca nh A 'B'  ca AB
cho bi bn song song.

Bi gii

a) Tia ti l AI,  tia khc x tng ng l IJ.  T
nh lut khc x,  suy ra :

r  35o15'

Tia IJ ti mt th hai ca bn ti J vi gc ti
l r' .  Ta thy r'  = r.

Tia sng l ra khi bn theo tia JR vi gc l l i'.
V r'  = r,  nn suy ra i'  = i.

T ,  suy ra tia l JR song song vi tia ti AI.

b)  T A,  v thm tia sng AH vung gc vi bn.
Tia sng ny i thng qua bn khng b lch.  Giao
im ca hai tia l l nh A '  ca A.

Tng t,  t B,  ta v tia ti vung gc vi bn.
Cc tia l tng ng ct nhau ti B'.  Ta thy nh A 'B'
song song vi AB v c  ln A 'B'  = AB = 5  cm.

T Hnh 46.4,  ta c JK = IKtanr = MKtan i 

Suy ra :

Mt khc i  n r,  suy ra :

Vy ta c :

vi e = IK (b dy ca bn song song).

IK e
MK

n n
= =

1r

i n
=

tan
tan

r r
MK IK IK

i i
= 

= = = 

osin sin 60 1
sin 0, 577

1, 5 3

i
r

n
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Hnh 46.5

Suy ra khong cch gia vt v nh l :

AA ' = IM = IK  MK

hay 

Vy nh A 'B'  cch bn l A 'H = 24  4 = 20 cm

3. Cho mt khi thu tinh dng bn cu c bn
knh R,  chit sut 1 ,5.  Chiu thng gc ti mt
phng ca bn cu mt tia sng SI.

a)  im ti I cch tm O ca khi bn cu l
Xc nh ng i ca tia sng qua bn cu.

b) im ti I  trong vng no,  th khng c tia
sng i qua mt cu ca bn cu (Hnh 46.5)  ?

Bi gii

a) Tia sng i thng qua mt phng AB ca khi
bn cu,  ti mt cu ti J vi gc ti l i.  Ta c :

Suy ra i = 30o

Ti J,  ta c nsin i = sinr hay 1 ,5  sin 30o = sinr.

hay sin r = 0,75.  Suy ra gc l l r = 48o36 '.

b) Khi tia ti SI cng xa tm O,  khong cch OI
tng, do  gc i tng dn.  Nu gc i ln hn gc
gii hn th tia sng s b phn x ton phn ti J,
khng l ra ngoi.

Ta c 

Gi I1 l v tr ca I khi gc i bng gc gii hn .

Ta c .

Khi I  ngoi khong OI1 ,  tia sng phn x ton

phn ti mt cu,  ti J2 vi gc ti l ,  phn x
ton phn ln th hai,. . .

Vy, nu im ti I nm ngoi khong I1I2,  vi

OI
1
= OI

2
= s khng c tia l ra khi mt 

cu ca bn cu.  

2
,

3
R

ghi

1 1 gh
2

sin
3

OI OJ i R= =

ghi

= = =  
o

gh gh
1 1 2

sin 42 .
1, 5 3

i i
n

/2
sin 0, 5

OI R
i

OJ R
= = =

.
2
R

1
' 4 cm

e n
AA e e

n n


=  = =
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Bi c thm

hin tng o nh

Mt on l hnh ro bc trn mt sa mc nng bng.  Tri  v chiu,  h mong ti

c mt c o trc khi mn m bung xung.  Bng h thy t xa mt vng nc lp

long,  trn  in bng nhng cy c xanh mt.  H bc vi ti,  nhng khi n ni,  h ngc

nhin v tht vng v ch thy nhng cy c trn mt ct kh,  khng mt git nc.   l

hin  tng o nh m cc on l hnh c th gp khi i trn sa mc.

Hin tng ny c gii thch nh sau :

Trong sa mc,  vo cui mt ngy im gi,  lp khng kh cng  gn mt ct c nhit 

cng cao,  v nhn c nhit to ra t mt ct nng.  Nhit  cng cao th chit sut lp kh

cng nh.  Do ,  cng ln cao,  chit sut ca khng kh cng tng.  Ta tng tng chia

khng kh trn b mt sa mc thnh nhiu lp mng,  chit sut ca cc lp ny tng dn khi

cng ln cao.  Xt mt tia sng i xin xung t mt im A,  t lp kh (1)  xung lp kh (2),

gc khc x s ln hn gc ti (v n2 < n1).  C nh vy,  tia sng b gy khc lin tip nh

Hnh 46.6 khi i t lp kh trn xung lp kh di.  Khi tia sng xung thp ti lp kh di c

gc ti ln hn gc gii hn igh,  tia sng s b phn x ton phn,  ht ln.  Do ,  ta c

mt ng gy khc lin tip t A ti mt,  gi s  im O.  Khi b dy cc lp khng kh v

cng nh th ng gy khc trn tr thnh mt ng cong u n i xung t A ri i ln

ti mt O.  Tia sng ti mt dng nh pht xut t im A ', i xng vi A qua mt t .

Hnh 46.6 ng i ca tia sng qua cc lp khng kh trn sa mc.

Vi on l hnh trn,  h nhn thy nh A ca cy c do cc tia sng trc tip t nh

cy ti mt v nhn thy nh A' ca ngn cy do cc tia sng b phn x ton phn nh gii

thch  trn,  ging nh h  nhn thy cy c in bng trn mt mt nc.
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Khi i trn ng nha trong nhng bui tra h,  ta thng thy,   xa xa pha trc,  trn
mt ng c nhng vng nc ; nhng khi li gn th ch thy mt ng kh ro.  y cng
l mt hin tng o nh tng t nh hin tng trn.

Trng hp ngc li,  cng ln cao chit sut khng kh cng gim,  nh i khi xy ra  trn

cc vng nc rng,  ng i ca tia sng t vt ti mt ngi quan st b un cong ngc li

vi trng hp  trn,  nn ngi quan st thy nh con tu hin trn bu tri (Hnh 46.7).

v p rc r ca kim cng 

Khi vo thm mt s vin bo tng ln,  nhiu du khch b thu ht khi ng ngm cc

vng min v cc  trang sc ca cc vua,  cha thi xa,  c trang tr bng cc vin kim

cng lp lnh.  Ti sao loi  qu ny c v p rc r n nh vy ?

Bn cht kim cng l cacbon kt tinh.  Chit sut ca kim cng rt ln (n 2,42).

Khi kim cng  trong khng kh,  gc gii hn igh ca tia sng ti mt mt ca vin kim

cng c gi tr kh nh (igh 24o).  Kim cng thng c khai thc t cc m.   c cc

vin kim cng p nh ta thy,  ngi ta ct gt vin kim cng thnh cc khi c nhiu

mt.  Khi mt tia sng ri ti mt mt,  n s b khc x,  i vo trong vin kim cng v b

phn x ton phn nhiu ln gia cc mt ca vin kim cng trc khi l ra ti mt ta,  nn

ta thy nh sng t vin kim cng lo ra rt sng.  nh sng ti kim cng l nh sng trng

ca Mt Tri gm v s nh sng mu t  n tm.  Khi i qua kim cng,  nh sng trng

b tn sc,  do  ta thy kim cng lp lnh nhiu mu rc r.

Hnh 46.7 Hnh 46.8  nh chp mt o nh
xy ra  Trung Quc gn y - "c
mt thnh ph trn bin".
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1 .  nh lut khc x nh sng

Tia khc x nm trong mt phng ti.

Tia ti  v tia khc x nm  hai  bn php tuyn ti  im ti.

Vi  hai  mi  trng nht nh,  t s gia sin gc ti  v sin gc khc x l hng s :

Hng s n c gi  l chit sut t i  ca mi  trng khc x i  vi  mi  trng ti.

2.  Chit sut ca mt mi trng

Chit sut t i  ca mi  trng 2 i  vi  mi  trng 1  bng t s gia cc tc  truyn
nh sng v1 v v2 trong mi  trng 1  v mi  trng 2.

n1 v n2 l cc chit sut tuyt i  ca mi  trng 1  v mi  trng 2.

3.  Cng thc khc x : sini = nsinr n1 sini = n2sinr.

4. Hin tng phn x ton phn :  Hin tng phn x ton phn ch xy ra trong

trng hp mi  trng ti  chit quang hn mi  trng khc x .  Khi  ,  

iu kin phn x ton phn l : ,  du  "=" hiu  theo ngha

l trng hp gii  hn.

n
i i i

n
 =

2
gh gh

1
 v i  sin

1 2( )n n>

 = =
1 2

21
2 1

n
n n

n

v

v

=
sin
sin

i
n

r

m tt chng VI

TT
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CHNG VII

Mt
Cc dng c quang

Chng ny trnh  by v cc dng  c  quang  t n gin  (lng  knh,
thu  knh)  ti  cc thit b  c cu  to phc tp hn  (knh  hin  vi ,  knh
thin  vn),  trong  hc sinh  c tm hiu  v ng i  ca nh
sng  qua cc dng c  quang,  s to nh  ca mt vt bi  cc chm
tia sng i  qua dng c  quang.  Chng ny cng trnh  by v cu
to v hot ng ca mt khi  quan st mt vt ;  cc tt ca mt
(cn th ,  vin  th ,  lo th)  v cch  cha.

Knh thin vn phn x ti trng i hc S phm H Ni.
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Hnh 47.1 Lng knh.

Hnh 47.2 ng i ca tia sng qua
lng knh.

1 . Cu to lng knh
Lng knh l mt khi trong sut, ng cht,

c gii hn bi hai mt phng khng song song.

Hai mt phng gii hn  trn c gi l cc
mt bn ca lng knh.

Giao tuyn ca hai mt bn c gi l cnh ca
lng knh.

Mt i din vi cnh l y ca lng knh.  

Mt mt phng bt k vung gc vi cnh c gi
l mt phng tit din chnh.  Trong thc t, lng knh
l mt khi lng tr c tit din chnh l mt tam gic.
Gc A hp bi hai mt lng knh c gi l gc chit
quang hay gc  nh ca lng knh (Hnh 47.1).

2. ng i ca tia sng qua lng knh 

Xt mt lng knh c chit sut n t trong
khng kh.   n gin,  ta ch xt cc tia sng nm
trong mt phng tit din chnh ca lng knh v l
nh sng n sc,  ngha l nh sng c mt mu
nht nh.  Chiu ti mt bn AB ca lng knh mt
tia sng SI (Hnh 47.2).  Tia sng ny s b khc x
ti I v J khi i qua cc mt bn,  v l ra theo tia JR.
ng i ca tia sng SIJR nm trong mt phng
tit din chnh ABC.  Gc i c gi l gc ti.
Gc i'  c gi l gc l.  

Gc D hp bi tia ti SI v tia l JR c gi l
gc lch ca tia sng khi i qua lng knh.

3. Cc cng thc lng knh
Gi r l gc khc x ti I v r'  l gc ti ti J.

T nh lut khc x,  ta c :  

sini = nsinr
nsinr'  = sini'

Xt tam gic IKJ,  ta c :  
r + r'  = A

LNG KNH4747
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Xt tam gic IMJ,  ta c gc lch :

D = = (i  r)  + (i'   r')

D = i + i'   (r + r' )  = i + i'   A

Vy, vi lng knh, ta c cc cng thc sau :

sin i = n sinr (47.1 )

sin i'  = n sinr'  (47.2)

r + r'  = A (47.3)

D = i + i'   A (47.4)

4. Bin thin ca gc lch theo gc ti 

Th nghim

Cho mt chm tia sng hp song song i qua
nh ca lng knh nh trn Hnh 47.3.  Phn chm
tia khng i qua lng knh cho mt vt sng Ko trn
mn nh E.  Phn chm tia i qua lng knh, b lch
i mt gc l D,  cho trn mn E mt vt sng K.

Nhn xt

Th nghim cho bit,  khi gc ti thay i th gc
lch cng thay i v qua mt gi tr cc tiu (gi l
gc lch cc tiu),  k hiu l Dm.

Khi tia sng c gc lch cc tiu,  ng i ca
tia sng i xng qua mt phn gic ca gc 
nh A (Hnh 47.4).  Tnh cht ny cng c th
chng minh bng l thuyt.

Trong trng hp ny, ta c i'  = i = im (gc ti
ng vi  lch cc tiu)

hay

suy ra (47.5)msin sin
2 2

D A A
n

+
=

m
m 2

D A
i

+

=

m m2D i A= 

1
'

2
r r A= =

MIJ MJI+

Nu cc gc l nh th ta c th
dng cc cng thc gn ng sau :

i  nr

i'   nr'  

A = r + r'  

D  (n  1 )A

Lng knh  trong phng th
nghim l mt khi  lng  tr  c
tit d in  chnh l hnh  tam gic.
Chn gc no l nh  lng knh  ?

Hnh 47.3 Th nghim v gc lch
cc tiu.

Quay lng knh  theo chiu  mi
tn   gc ti  tng dn,  t gi tr  nh
nht l io.  Ta thy vt sng K di
chuyn v pha Ko,  ti  mt v  tr gn
nht l Km th i  chiu  chuyn
ng,  d i  chuyn ra xa Ko.

Hnh 47.4 ng i ca tia sng khi
c gc lch cc tiu.

C1
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Hnh 47.5 Chm sng b phn x
ton phn trn mt BC.

Hnh 47.6 Tia sng phn x ton
phn ti cc mt BA v AC.

5. Lng knh phn x ton phn

a) Th nghim

Chiu mt chm sng song song ti vung gc
vi mt  bn AB ca mt lng knh bng thu tinh,
c chit sut n = 1 ,5,  tit din chnh l mt tam gic
vung cn.  Lng knh c t trong khng kh.  

t mt mn nh E i din vi mt huyn BC,

ta khng nhn c vt sng trn mn.

By gi t mn E i din vi mt bn AC,  ta

thy mt vt sng xut hin trn mn E.

Th nghim chng t tia sng khng l ra  mt

BC m b phn x ton phn ti mt ny ri l ra 

mt AC (Hnh 47.5).

b) Gii thch

Ti mt AB,  gc ti l i = 0o nn tia sng i thng
vo lng knh, ti mt huyn ti J vi gc ti l j = 45o.
Gc ti gii hn trong trng hp ny l  igh vi

suy ra igh  42o.  Vy j > igh.

Do ,  tia sng b phn x ton phn ti J.  Tia
phn x vung gc vi mt AC nn l thng ra
ngoi khng kh.

Ta cng c th chiu chm tia ti song song

vung gc vi mt huyn BC.  Chm tia ny s phn

x ton phn ti hai mt BA v AC v l ra khi mt

huyn BC (Hnh 47.6).  

c) ng dng

Lng knh phn x ton phn c tc dng nh

mt gng phng.  Ngi ta dng lng knh phn x

ton phn trong cc knh tim vng  cc tu ngm

 lm i phng truyn ca tia sng (Hnh 47.7).

2
gh

1

1
sin 0, 6667

1, 5
n

i
n

= = 
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Hnh 47.7 Knh tim vng.

Nh knh tim vng, thu th  di tu ngm c

th quan st cc hot ng xy ra trn mt bin.

Trong ng nhm, ngi ta dng hai lng knh

phn x ton phn c cc cnh vung gc vi nhau

 lm i chiu ca nh.

1 .  Hy k mt vi  ng dng  ca lng  knh.

2.  Chiu  ti  mt mt bn  ca lng knh  mt chm sng song  song.  Hi  c tia sng l ra  mt bn

th hai  khng ?

1 .  Chn phng n  ng.

Mt tia sng ti  vung gc vi  mt AB ca mt lng knh c chit sut v gc  nh A = 30o,

B l gc vung.  Gc lch  ca tia sng  qua lng knh  l :

A.  5o. B.  1 3o. C.  1 5o. D.  22o.

2.  Chn phng n  ng.

Chiu  mt chm sng song song  ti  lng  knh.  Cho gc ti  i tng  dn  t gi tr  nh nht th 

A.  gc lch  D tng  theo i.

B.  gc lch  D gim dn.

C.  gc lch  D tng ti  mt gi tr  xc nh  ri  g im dn.

D.  gc lch  D gim ti  mt gi tr  xc nh  ri  tng dn.

3. Pht biu  no di  y khng chnh  xc ?

Chiu  mt chm sng vo mt mt bn  ca mt lng  knh   trong khng  kh :

A.  Gc khc x r b hn gc ti  i.

B.  Gc ti  r' ti  mt bn  th hai  b hn gc l i'.

=n 2

bi tp

cu hi
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C.  Lun  lun  c chm sng l ra  mt bn  th hai.

D.  Chm sng b  lch  i  khi  qua lng knh.

4.  Kho st v v ng i  ca tia sng  trong trng hp tia ti  l l trn  mt lng  knh.

5. Mt lng  knh  thu tinh  c chit sut n = 1 ,5 ;  tit d in  chnh  l mt tam gic u,  c t trong

khng kh.

a)  Tnh  gc lch  ca tia sng qua lng  knh  khi  gc ti  l 30o.

b)  V ng i  ca tia sng v tnh  gc m tia l hp vi  tia ti  trong trng hp tia ti  vung gc

vi  mt bn  ca lng  knh.

6.  Kho st ng i  ca tia sng qua lng  knh  trong hai  trng hp sau  :

a)  Lng knh c gc  nh l A = 50o,  chit sut t trong nc c chit sut ,

gc ti  l i = 45o.

b)  Lng  knh  thu tinh  t trong khng kh c gc  nh  A = 75o,  gc C = 60o,  chit sut n = 1 ,5,

gc ti  ca tia sng  l i = 30o.  Tia ti  n mt AB ca lng knh.

7.  Lng knh c gc  nh l 60o.  Chm sng song song qua lng knh c  lch cc tiu l Dm = 42o.

Hy tm gc ti  v chit sut ca lng knh.

=n
4

'
3

=n 2
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1 . nh ngha 

Thu knh l mt khi trong sut, c gii hn bi
hai mt cu hoc mt mt phng v mt mt cu.

Ta phn bit hai loi thu knh :  cc thu knh
mp mng v cc thu knh mp dy, c cc dng
nh trn Hnh 48.1  v 48.2.

Ta ch xt cc thu knh mng, ngha l cc thu
knh c b dy  tm rt nh.

Trong Hnh 48.3,  ta c R1 ,  R2 l bn knh cc 
mt cu (mt phng c coi l c bn knh bng
v cc).

ng thng C1C2 ni cc tm ca hai mt cu
(hoc i qua tm ca mt cu v vung gc vi mt
phng) c gi l trc chnh.  im m trc chnh
ct thu knh gi l quang tm O ca thu knh.  
Cc ng thng khc C1C2 i qua quang tm O
c gi l trc ph (Hnh 48.4).

c gi l ng knh m hay ng knh
khu .

Trong phn ny, ta xt cc thu knh  trong
khng kh.

Thu knh mp mng c gi l thu knh hi t.

Thu knh mp dy c gi l thu knh phn k.

 Tnh cht ca quang tm

Mt tia sng bt k qua quang tm th
truyn thng.

 iu kin  c nh r nt

 thu knh cho nh r nt, cc tia sng ti thu
knh phi lp mt gc nh vi trc chnh.  Trong iu
kin ny,  ng vi mt im vt ch c mt im nh
nn vt cho nh r nt.   l iu kin tng im.

Hnh 48.1 Thu knh mp mng v
k hiu.

Hnh 48.2 Thu knh mp dy v
k hiu.

Hnh 48.3 Cc yu t ca thu knh.

Hnh 48.4 Trc chnh v trc ph.

THU KNH MNG4848
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Hnh 48.5 Lm gim khu  ca
thu knh  tho mn iu kin
tng im.

Hnh 48.6 Th nghim xc nh v tr
tiu im nh ca thu knh hi t.

Hnh 48.7 Quan st tiu im nh
ca thu knh phn k.

Hnh 48.8 Ngun sng  tiu im
vt F ca thu knh hi t,  chm
sng l song song vi trc chnh.

 c iu kin ny,  ta c th gii hn chm tia
ti thu knh bng mt tm ba chn sng, trn 
c c mt l thng trn,  c t trc thu knh.
Trong trng hp ny, ng knh khu  bng
ng knh ca l trn (Hnh 48.5).

2. Tiu im. Tiu din. Tiu c 

a) Tiu im nh chnh

Th nghim

Chiu mt chm tia sng song song vi trc chnh
ti mt thu knh hi t (cch n gin nht l dng
thu knh ny  hng chm sng song song t Mt
Tri).  Dng mt mn E  hng chm tia l, ta c
mt vt sng hin trn mn E.  Di chuyn mn E cho
ti khi vt sng ny nh v sng nht.  V tr im
sng ny c gi l tiu im nh chnh F ',  thng
gi tt l tiu im nh (Hnh 48.6).

Lm li th nghim trn vi mt thu knh phn
k,  ta khng th hng c mt im sng trn mn
E,  nhng nu nhn vo thu knh nh  Hnh 48.7,
ta thy mt im sng  v tr F ' .  F '  cng c gi
l tiu im nh.

Vi thu knh phn k,  tiu im nh F'  nm pha
tia ti.

b) Tiu im vt chnh 

Th nghim

t mt ngun sng im trn trc chnh ca
mt thu knh hi t v hng chm sng l trn mt
mn nh E (Hnh 48.8).  Di chuyn ngun sng
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Hnh 48.9 Chm tia hi t qua thu
knh phn k.

Hnh 48.10 Chm tia l song song
vi trc ph.

Hnh 48.11a,  b Chm tia l qua tiu
im nh ph F '1 .

im ny dc theo trc chnh cho ti khi ta thy vt
sng trn trn mn E c ng knh bng ng
knh khu  ca thu knh.  Khi  chm sng l l
chm song song (ta c th kim tra li iu ny
bng cch di chuyn mn E ra xa hay li gn thu
knh, ta s thy kch thc ca vt sng trn mn E
khng i).

V tr ca ngun sng im  c chm sng l
song song vi trc chnh nh trn c gi l tiu
im vt chnh,  hay gi tt l tiu im vt ca thu
knh, c k hiu l F.  

Vi thu knh phn k,  khi chiu ti thu knh

mt chm tia hi t,  ta tm c mt v tr F trn

trc chnh ca im hi t  chm tia l ra khi

thu knh cng l chm tia song song vi trc chnh

(Hnh 48.9).  im F nm cng pha vi chm tia l

v l tiu im vt chnh hay gi tt l tiu im vt

ca thu knh phn k.

Th nghim cho thy cc tiu im F v F ' i
xng vi nhau qua quang tm.

c) Tiu din. Tiu im ph

Mt phng vung gc vi trc chnh ti tiu
im vt F c gi l tiu din vt (Hnh 48.10).

Mt phng vung gc vi trc chnh ti tiu im
nh chnh F '  c gi l tiu din nh (Hnh 48.11).

im ct ca mt trc ph bt k vi tiu din vt
hay tiu din nh c gi l tiu im vt ph hay
tiu im nh ph.

Nu ta chiu mt chm tia song song vi mt trc
ph, th cc tia l (hoc cc ng ko di) s ct
nhau ti tiu im nh ph F '1 ,  giao im ca trc ph
vi tiu din nh (cc Hnh 48.11a, b).  Ngc li, nu
t mt ngun sng im ti mt tiu im ph F1 th
chm tia sng l ra khi thu knh l mt chm tia
song song vi trc ph i qua F1 (cc Hnh 48.11c, d).
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Hnh 48.12 ng i ca cc tia c
bit qua thu knh hi t.

Hnh 48.13 ng i ca cc tia c
bit qua thu knh phn k.  

Hnh 48.14 V tia l qua thu knh
hi t (cch 1).

Hnh 48.15 V tia l qua thu knh
phn k (cch 1).

d) Tiu c

Tiu c l  di i s,  c k hiu l f,  c tr
s tuyt i bng khong cch t cc tiu im chnh
ti quang tm thu knh.

|f|  = OF = OF' (48.1 )

Quy c :  f > 0 vi thu knh hi t.

f< 0 vi thu knh phn k.

3. ng i ca tia sng qua thu knh

a) Cc tia c bit (Hnh 48.12 v 48.13)

Tia ti song song vi trc chnh, tia l tng ng
(hoc ng ko di) i qua tiu im nh chnh F'.

Tia ti (hoc ng ko di)  qua tiu im vt
chnh F,  tia l tng ng song song vi trc chnh.

Tia ti qua quang tm O th i thng.

b) Cch v tia l ng vi mt tia ti bt k

Xt mt tia ti bt k SI,  ta c th v tia l tng
ng theo cc cch sau :

Cch 1  :  

V trc ph song song vi tia ti SI.

V tiu din nh, ct trc ph ni trn ti mt
tiu im ph l F'1 .

T I,  v tia l i qua F'1 (Hnh 48.14 v
Hnh 48.15).

Cch 2  :  

V tiu din vt,  ct tia ti SI ti mt tiu im
vt ph l F1 .

V trc ph i qua F1 .

c) d)

Hnh 48.11c, dChm tia l song song vi trc ph.
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V tia l song song vi trc ph trn
(Hnh 48.16 v Hnh 48.17).

4. Xc nh nh bng cch v ng i ca
tia sng

 Xt mt vt nh, phng AB c t vung gc
vi trc chnh.  Gi s A  trn trc chnh.  Trc ht,
xc nh nh B'  ca B,  sau ,  t B',  h ng thng
gc xung trc chnh, ta c nh A 'B'  ca vt AB.

 xc nh nh B',  t B v ng i tia sng ca
hai trong cc tia c bit.  nh B'  l giao im ca
cc tia l (Hnh 48.18  v 48.19).

 Ta hy xt xem nh ca mt vt to bi thu
knh hi t ph thuc nh th no vo khong cch
t vt n thu knh (Hnh 48.20).  Ta ch cn s
dng hai tia c bit l tia song song vi quang trc
v tia i qua quang tm.

Khi vt A1B1 ngoi tiu im, nh A '1B'1 l nh
tht,  ngc chiu vi vt.

Khi vt A2B2  trong tiu im, nh A '2B'2 l
nh o,  cng chiu vi vt.

Khi vt  tiu im, nh  v cc.

5.  t 

 Cc thu knh mp mng c tc dng lm hi
t chm tia sng i qua (v th c gi l thu knh
hi t).  Ngc li,  cc thu knh mp dy c tc
dng lm phn k chm tia i qua (nn gi l thu
knh phn k).   xc nh kh nng lm hi t
chm tia nhiu hay t,  ngi ta dng mt i lng
gi l  t,  c nh ngha l :

Hnh 48.16 V tia l qua thu knh
hi t (cch 2).

Hnh 48.17 V tia l qua thu knh
phn k (cch 2).

Quan st mt vt qua mt
thu knh.  Di  chuyn thu knh  ra
xa hay li  gn  vt,  ta thy nh
lun lun nh hn vt.  y l
thu knh  loi  g ?

Hnh 48.18 S to nh bi thu knh
hi t.

C1

Hnh 48.19 S to nh bi thu
knh phn k.

Hnh 48.20 nh tht,  nh o to bi thu knh hi t.
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nh B'A '  trong trng hp ca
Hnh 48.18  l nh tht v thc s c
tia sng l ra khi thu knh ti mi
im trn nh B'A '.

nh B'A '  trong trng hp ca
Hnh 48.19 l nh o,  v cc tia l ra
khi thu knh khng thc s ti
mi im trn nh B'A '.  Mi im
trn nh ny ch l im ct nhau
ca cc ng ko di ca cc tia l.

Ta c th hng nh tht trn
mn.  Tri li,  vi nh o,  ta ch c
th quan st bng mt,  khng th
hng trn mn.

Hnh 48.21 nh A'B' ca vt AB to
bi thu knh hi t.

Cho hai  thu knh  hai  mt
li ,  lm bng thu tinh  c cng
chit sut.  Cc thu knh  phng,
dt khc nhau.  Thu knh  no c
kh nng lm hi  t  chm tia
sng i  qua mnh hn ?

C2

(48.2)

n v ca  t l ip (dp) (vi tiu c f tnh
ra mt).

Vi thu knh hi t : D > 0.
Vi thu knh phn k : D < 0.
 Cng thc tnh  t ca thu knh l :

(48.3)

trong , n l chit sut t i ca vt liu lm thu
knh i vi mi trng xung quanh thu knh.

R1 ,  R2 l bn knh ca cc mt thu knh,

 Quy c :  R1 ,  R2 > 0 vi cc mt li,

R1 ,  R2 < 0 vi cc mt lm,

R1 (hay R2)  =  vi mt phng.

Mt thu knh c  t D cng ln th c kh
nng hi t chm tia sng i qua cng mnh.  Thu
knh phn k khng lm hi t,  m ngc li,  lm
phn k chm tia,  nn c  t m.

6. Cng thc thu knh

a)  thnh lp cng thc lin h gia cc v tr
ca vt v nh, ta xt trng hp vt tht,  nh tht
nh trn Hnh 48.21 .

Xt cc tam gic ng dng BIJ v FOJ,  ta c :

Xt cc tam gic ng dng B'JI v F'OI,  ta c :

Cng hai phng trnh v vi v,  ta c :

m OJ + OI = JI,  suy ra :

hay 1 1
1 '

'
OF

IB JB

 
= + 

 

'
1

'
OF OF

IB JB
= +

'
'

OJ OI OF OF

JI IB JB

+
= +

'
'

OI OF

JI JB
=

OJ OF

IJ IB
=

1 2

1 1 1
( 1)D n

f R R

 
= =  + 

 

1
D

f
=
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Hnh 48.22 Nhn cc ch s qua mt
thu knh hi t.

Hnh 48.23 Nhn cc ch s qua mt
thu knh phn k.

suy ra

hay

b)  lp cng thc lin h gia cc  ln ca
nh v vt ta chia v vi v hai phng trnh u
tin  trn :

suy ra

c)  tng qut ho cc cng thc trn,  ta thay
cc khong cch hnh hc bng cc tr i s vi
quy c nh sau :

OA  d ;  OA '   d '  ;  OF'   f

d > 0 vi vt tht.

d '  > 0 vi nh tht,  d '  < 0 vi nh o.

f> 0 vi thu knh hi t.

f< 0 vi thu knh phn k.

Ta c cc cng thc tng qut sau,  p dng
cho mi trng hp, cho c hai loi thu knh hi t
v phn k :

(48.4)

S phng i c nh ngha l :

Ta c : (48.5)

Nu nh v vt cng chiu, k > 0.

Nu nh v vt ngc chiu, k < 0.

'd
k

d
= 

' 'A B
k

AB
=

1 1 1

'd d f
+ =

' ' 'A B OA

AB OA
=

'OJ JB

OI IB
=

1 1 1

' 'OA OA OF
+ =

1 1 1

' 'IB JB OF
+ =
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1 .  Ngi  ta c th to ra la vi  mt thu  knh.  Khng nh  ny ng  khng ? Nu ng,  hy trnh
by cch to ra la bng  cch s dng mt thu knh.

2.   t  cho bit c trng g ca thu knh  ?

Chn cu  ng  t bi  1  n  bi  7.

1 . Nhn  qua mt thu knh  hi  t,  ta thy nh  ca vt th nh   
A.  lun  nh hn vt.
B.  lun  ln  hn  vt.
C.  c th ln  hn hay nh hn vt.
D.  lun  ngc chiu  vi  vt.

2.  Quan st nh  ca mt vt qua mt thu knh  phn k 
A.  ta thy nh  ln  hn vt.
B.  ta thy nh  nh hn  vt.
C.  nh  ngc chiu  vi  vt.
D.  nh  lun  lun  bng vt.

3. A.  nh  cho bi  thu  knh  hi  t  lun  ln  hn  vt.
B.  nh  cho bi  thu  knh  phn k lun  ln  hn vt.
C.  Vi  thu  knh  hi  t,  vt tht lun  cho nh  tht.
D.  Vi  thu  knh  phn k,  vt tht lun  cho nh  o.

4.  Vi  mt thu  knh  :
A.  S phng i  k > 1 .
B.  S phng i  k < 1 .
C.  S phng i  k  1 .
D.  S phng i  k > 1  hoc k < 1  hoc k = 1 .

5.  A.  Vi  thu  knh  hi  t,   t  D < 0.
B.  Vi  thu knh  phn k :  D < 0.
C.  Vi  thu knh  hi  t  :  D = 1 .
D.  Vi  thu  knh  phn k :  D 1 .

6. Vi  thu knh  hi  t  :
A.   t  D cng ln  nu  hai  mt thu  knh  cng cong.
B.   t  D cng ln  nu  hai  mt thu  knh  cng t cong.
C.   t  D = 1 .
D.   t  D < 1 .

bi tp

cu hi
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7. Vi  thu knh  hi  t  :

A.  Khi  vt tht cch  thu knh  l 2f (f l tiu  c)  th nh  cng cch  thu knh  l 2f.

B.  Vt tht cho nh  o.

C.  Vt tht cho nh  tht.

D.  nh  v vt c  ln  bng nhau.

8. Chn cu  pht biu  khng chnh  xc.  

Vi  thu knh  phn  k :

A.  Vt tht cho nh  tht.

B.  Vt tht cho nh  o.

C.  Tiu  c f < 0.

D.   t  D < 0.

9.   Cho mt thu knh  L c  t  D = 5 ip.  Xc nh  v  tr,  tnh  cht v  ln  nh  ca mt vt AB

cao 2 cm,  vung  gc vi  trc chnh,  trong cc trng hp sau  :

a)  AB l vt tht,  cch L l 30 cm.

b)  AB l vt tht,  cch L l 1 0 cm.

Hy v ng i  ca tia sng  trong mi  trng hp.

1 0.  Chiu  mt chm sng hi  t  ti  mt thu knh  L.  Cho bit chm tia l song song vi  trc chnh
ca L.

a)  Hi  L l thu  knh  loi  g ?  

b)  im hi  t  ca chm sng ti  l mt im  sau  thu knh,  cch L l 25 cm.  Tm tiu  c v 

t  ca L.

c)  t vt AB = 2 cm vung gc vi  trc chnh  v cch L 40 cm.  Xc nh  nh  ca AB.

1 1 .  Cho hai  thu  knh  hi  t  L1 ,  L2 ln  lt c cc tiu  c 20 cm v 25 cm,  ng  trc,  cch nhau  mt

khong a = 80 cm.  Vt AB = 2 cm,  vung gc vi  trc,   trc h hai  thu knh v cch L1 l 30 cm

(L1  trc L2 ).

a)  Hy xc nh  nh  cho bi  h.

b)  Lm li  cu  trn  nu a L2 st li  vi  L1 .

1 2.  Cho thu knh L1  t D1 = 4 ip,  thu knh L2,   t  D2 = 4 ip,  ghp ng trc,  cch nhau 60 cm.

a)  im sng S  trn  trc ca h,  cch  L1 l 50 cm.  nh sng qua L1 ri  qua L2.  Xc nh  v  tr,

tnh  cht ca nh  cho bi  h.  

b)  Tm khong cch gia L1 v L2  chm tia l ra khi  h l chm tia song song.
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s phn x nh sng bi  gng cu

Gng cu  l mt gng phn x nh  sng,  c dng mt chm cu  c  cong b.  C

hai  loi  gng cu  :  gng cu  lm v gng cu  li.  Cc loi  gng cu  c nhiu  ng dng

trong i  sng hng ngy nh :  gng  khm rng,  gng chiu  hu,  gng bo hiu

giao thng.

Khc vi   gng phng,  nh v vt khng i  xng vi  nhau  qua gng cu  ;  do ,

nh  c th ln  hn hay nh hn vt.

Ta c th xc nh  v  tr ca nh cho bi  gng cu  (li  hoc lm)  bng cng thc :



trong   : d :  khong cch  t vt ti  gng cu
d ' :  khong cch t nh ti  gng cu

f :  tiu  c ca gng (| f|  =  OF = )

(Nu vt cch gng mt khong bng f th nh   v cc)

nh c th cng chiu  hay ngc chiu  vi  vt.
Theo quy c :  f > 0 vi  gng cu  lm

f < 0 vi  gng cu  li

d ' >  0  nu  nh tht ( trc gng)

d ' <  0  nu  nh o ( sau  gng)

Vt tht v vt o

Trong cc bi  quang hc trn,  ta ch  cp ti  cc vt tht khi  xt cc dng  c  quang

(gng,  thu knh, . . . ).  Vi  cc vt tht,  chm tia sng ti  dng c  quang t mt im trn  vt

phi  l chm tia phn k (Hnh  48.25a).  Trong nhiu  bi  ton v quang h,  ta cn gp cc

trng hp chm tia ti  mt dng c  quang l mt chm tia hi  t.  im gp nhau ca chm

tia ti  ny l mt vt o i  vi  dng c  quang trn  (Hnh  48.25b).

R

2

=



'
df

d
d f

+ =
1 1 1

'd d f

Em c bit ?

Hnh 48.24 Gng cu li t 
on ng cong nguy him.

Hnh 48.25 Vt tht v vt o i vi gng phng.

a) b)
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Ta th xt bi  ton v mt quang h gm hai  thu knh  hi  t  L1 v L2 ghp ng trc vi

nhau nh Hnh  48.26.

Chm tia t B ti  L1 l chm tia phn k,  vy im B (v AB)  l vt tht i  vi  L1 .

Chm tia i  qua L1 ,  ti  L2 l chm tia ti  hi  t   B1  (sau  L2),  nn  B1  (v A1B1 )  l vt o

i  vi  L2 (A1B1 ng thi  l nh tht ca AB i  vi  L1 ).

A2B2 l nh cho bi  h thu knh  (L1 ,  L2).

Vi  thu knh  L2 (tiu  c l f2),  ta c cng thc :

Quy c v du i  vi  vt o v vt tht nh sau  :

 vi  vt tht,  khong cch d (t vt ti  thu knh)  >  0.

 vi  vt o,  khong cch d < 0.

Trong trng hp hnh  v trn,  v  A1B1 l vt o i  vi  L2 nn d2 < 0.

+ =
'

2 22

1 1 1
d fd

Hnh 48.26
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1 . Cho mt lng knh c tit din thng l mt 
tam gic u ABC,  c chit sut l 1 ,5  t trong
khng kh.

a)  Chiu ti mt BA mt chm tia song song vi
gc ti l 60o.  Tm gc l v gc lch ca tia sng
khi i qua lng knh.

b) Cho gc ti thay i.  Tm gc ti  c 
lch cc tiu.  Tnh  lch cc tiu ny.

c)  Tm gc lm bi tia sng l ra khi lng knh
v tia ti khi gc ti l 0o.

Bi gii

a) Ta c (Hnh 49.1 )  :

 r = 35o17'
suy ra  r'  = A  r = 60o  35o17'  = 24o43'

sin i'  = n sinr'  = 1 ,5 sin24o43'  = 0,624

Vy gc l l i'   38o40'.

Gc lch ca chm tia sng :  
D = i'  + i  A

D = 38o40'.

b)  Khi c  lch cc tiu,  ng i tia sng
i xng qua mt phng phn gic ca gc  nh
(Hnh 49.2).

Trong trng hp ny, ta c :

r = r'  = = 30o

suy ra sini = nsinr = 1 ,5 sin30o = 0,75

 i = 48o40'

 lch cc tiu :  

Dm = i'  + i  A = 2i  A

Dm = 37o20'

2
A

= = =

osin sin 60
sin 0, 577

1, 5

i
r

n

Hnh 49.1

Hnh 49.2

Hnh 49.3

bi tp v lng knh v 
THU KNH MNG4949
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c) Tia sng i thng qua mt AB,  ti mt AC ti J vi gc ti l i= 60o (Hnh 49.3).  

M gc gii hn l igh vi sinigh = = 0,667 hay igh = 42
o.

Vy ta c i > igh.  Tia sng b phn x ton phn ti J theo tia JK.  Ta thy JK vung
gc vi y BC nn i thng ra ngoi,  khng b lch.

Suy ra,  gc lm bi tia l v tia ti l :
D = 60o

2. Cho hai thu knh c t ng trc lin tip nhau :  thu knh hi t L1 ,  tiu c
25 cm v thu knh phn k L2 vi tiu c c chiu di 25  cm.  Hai thu knh cch
nhau l a = 100 cm.  Mt vt AB = 1  cm c t vung gc vi quang trc ca h v
cch L1 l 40 cm.

a) Xc nh nh A1B1 ca AB to bi chm tia qua L1 .
b) Xc nh nh A2B2 cho bi L2.  Tnh s phng i ca nh cho bi h hai thu knh.

Bi gii

S  to nh

a) nh A1B1 cch L1 l :

vi d1 = 40 cm, f1 = 25  cm

cm > 0 (nh tht)

S phng i :

nh A1B1 ngc chiu vi vt AB.

 ln ca nh A1B1 = |k1 | AB  1 ,7 cm.

b) A1B1 l vt i vi thu knh L2,  cch L2 l :

cm

nh ca A1B1 cho bi L2 l A2B2,  cch L2 l :

vi f2 = 25 cm

(nh o)

S phng i ca nh A2B2 cho bi L2 l :


=  =  =

'
2

2
2

14, 3
0, 43

33, 3

d
k

d

=  <
'
2 14, 3 cm 0d

=



2 2'
2

2 2

d f
d

d f

=  =  =
'

2 1 100 66, 7 33, 3d a d

=  =  = 

'
1

1
1

66, 7
1, 67

40

d
k

d

=
'
1 66, 7d

=



1 1'
1

1 1

d f
d

d f

 
1 2

1 1 2 2
1 1 2 2, ,
L L

AB A B A B
d d d d' '

1
1, 5
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S phng i cho bi h thu knh l :

k = k1k2 = (1 ,67).(0,43) = 0,7

nh A2B2 ngc chiu vi vt AB v c  ln l

ng i tia sng qua h thu knh c m t trn Hnh 49.4.

3. Vt sng AB cch mn nh E mt  on l D.  Trong khong
gia vt AB v mn E,  ta t mt thu knh hi t L. X dch L

dc theo trc chnh, ta c hai v tr ca L cch nhau mt on
l  cho nh r trn mn E.

a)  Tm tiu c f ca L theo D v l.  Bin lun.

b) Tnh f,  cho bit D = 200 cm v l = 60 cm.

Bi gii

= 2 2 0, 7 cmA B k AB

Hnh 49.4

Hnh 49.5
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a) Nhn xt cng thc :

Ta thy cng thc c tnh i xng i vi d v d',  ngha l,
nu ta hon v d v d '  th cng thc khng c g thay i ;  ni
cch khc,  khi vt cch thu knh l d th nh cch thu knh l
d ',  ngc li,  nu vt cch thu knh l d ',  th nh s cch thu
knh l d.  Vy,  hnh v trn,  vi O1 v O2 l hai v tr ca thu
knh  cho nh r trn mn, ta c :

Vy, ta c :  



Suy ra :

hay

Bin lun :  

T kt qu trn ta tm c :

D2  4Df = l2 > 0

hay D2  4Df= D (D  4f)  > 0 

suy ra D  4f> 0

Vy, trong th nghim trn,  ta phi  khong cch D t vt

AB ti mn E sao cho D > 4f.  Nu iu kin ny khng tho

mn, th nghim khng th xy ra nh trn.  c bit,  nu l = 0,

ta ch c mt v tr ca thu knh  cho nh r trn mn E.

 l trng hp khong cch D = 4f.

b)  p dng bng s : D = 200 cm, l = 60 cm.  

Ta c f= 45,5  cm.

2 2

4

D l
f

D


=

= + =


' 2 2

1 1

1 1 1 4D

f d d D l

1 2

D l
d


=

+
=

'
1 ,

2

D l
d

 =
'
1 1d d l

+ =
'
1 1d d D

= =
' '

1 2 1 2vd d d d

1 1 1

'f d d
= +
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Mc d cc vt  nhng khong cch khc nhau nhng mt

vn nhn thy r. Ti sao li nhvy ?  tr li cu hi , ta

cn nghin cu xem mt c cu to v hot ng nh th no ?

1 . Cu to
Mt c cu to t nhiu b phn nh

Hnh 50.1 .  V phng din quang hnh hc,  ta c
th coi h thng bao gm cc b phn cho nh sng
truyn qua ca mt tng ng vi mt thu knh
hi t.  Thu knh tng ng ny c gi l thu
knh mt.  Thu knh mt c quang trc chnh l
ng OO '  trn Hnh 50.1 .  Tiu c ca thu knh
mt c th thay i c khi  cong ca cc mt
th thu tinh thay i nh s co dn ca c vng.
Mng li (cn gi l vng mc) ng vai tr nh
mt mn nh, ti  c cc t bo nhy sng nm 
u cc dy thn kinh th gic,  gm cc t bo hnh
que nhy vi  sng, ti v cc t bo hnh nn
nhy vi mu sc.

Trn mng li,  c mt vng nh mu vng, rt
nhy vi nh sng, nm gn giao im V gia trc
ca mt vi mng li.  Vng ny gi l im vng.
Di im vng mt cht c im m M hon ton
khng cm nhn c nh sng, v ti  cc dy
thn kinh phn nhnh v khng c u dy thn
kinh th gic.

2. S iu tit. im cc cn v im cc vin
Khong cch t quang tm ca thu knh mt

n mng li (Hnh 50.2) c coi l khng i,
ch c  cong cc mt ca th thu tinh l c th
thay i c  lm thay i  t ca thu knh
mt.  V sao vi cu to nh vy,  mt li c th nhn
r c cc vt  nhng khong cch khc nhau ?
Mt nhn r vt khi nh ca vt cho bi thu knh
mt hin r trn mng li,  nh ny l nh tht,
ngc chiu vi vt (Hnh 50.2).  Nu khong cch

Hnh 50.1 Cu to ca mt.

1 . Mng gic (gic mc) ;  2.  Thu 
dch ;  3.  Mng mng mt (Lng en) ;
4 .  Con  ngi ;  5 .  Th thu t i nh  ;  
6 .  C  vng ;  7 . D ch  thu t i n h  ;  
8 .  Mng  l i .

Hnh 50.2 nh ca vt hin r trn
mng li.

Mt5050
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t vt n mt thay i,  th mun cho mt nhn r
vt,  tiu c ca thu knh mt cn phi thay i sao
cho nh ca vt nm trn mng li.  iu  c
thc hin bng cch thay i  cng ca c vng,
lm thay i  cong cc mt th thu tinh.

S thay i  cong cc mt ca th thu tinh
(dn n s thay i tiu c ca thu knh mt)  
gi cho nh ca vt cn quan st hin r trn mng
li c gi l s iu tit ca mt.

im xa nht trn trc chnh ca mt m vt
t ti  th nh ca vt nm trn mng li khi
mt khng iu tit gi l im cc vin (C

v
).  i

vi mt khng c tt,  im cc vin  v cc.  Khi
quan st vt t  im cc vin,  mt khng phi
iu tit,  c vng  trng thi ngh,  nn mt khng
mi.  Trong trng hp ny, th thu tinh dt nht
(tc l tiu c ca thu knh mt ln nht,   t nh
nht),  tiu im ca thu knh mt nm trn mng
li ( fmax = OV).

Vy, mt khng c tt l mt m khi khng iu tit,
th tiu im ca thu knh mt nm trn mng li.

im gn nht trn trc chnh ca mt m nu
vt t ti ,  th nh ca vt nm trn mng li
khi mt iu tit cc i c gi l im cc cn
(Cc).  Khi nhn vt  im cc cn,  th thu tinh
cng phng n mc ti a,  tiu c ca thu knh
mt gim n mc nh nht.  Khong cch t im
cc cn (Cc)  n mt c gi l khong cc cn
ca mt v k hiu bng ch .   ln ca khong
ny ph thuc vo  tui (Hnh 50.3).  Nu vt tin
li gn mt hn, th thu knh mt s khng cn cho
nh r nt ca vt trn mng li c na.

Khi nhn vt t  im cc cn,  mt cn phi
iu tit mnh nht,  do  mt rt chng mi.
 mt c th nhn c lu v r (khi c sch,
vit,  nhn vt qua dng c quang . . .)  ngi ta thng
t vt cch mt c 25  cm, tc l ln hn khong
cch t mt n im cc cn mt cht.

Khong t im cc cn (Cc)  n im cc vin
(Cv)  gi l khong nhn r ca mt.

S iu  tit ca mt  cho
nh ca vt hin  r trn  mng
li  v s iu  chnh  my nh 
cho nh  ca vt r nt trn  phim
c g khc nhau ?

Vt m ta nhn thng c 
sng rt khc nhau.  Tu theo cng
 ca chm sng t vt chiu ti
mt,  m ng knh ca con ngi
s t ng thay i  iu chnh
cng  sng chiu vo th thu tinh.
Con ngi thu nh li  ngoi nng,
m rng ra  phng ti.  mng
li,  cc t bo hnh que nhy vi 
sng, ti c kch thch ngay c khi
nh sng c cng  sng yu
chiu ti.  Cc t bo hnh nn nhy
vi mu sc c kch thch khi nh
sng mu c cng  sng ti thiu
no  tr ln.  S kch thch  hai
loi t bo ny c truyn ti no
v gy ra cm gic v  sng v
mu sc ca vt nhn thy.

Hnh 50.3 Mi quan h gia khong
cc cn  ca mt bnh thng vi
 tui.

i  vi  mi  ngi,   ph thuc
vo  tui.  Tui  cng cao,   cng
ln.  S d nh vy v khi  tui  tng,
tnh  n hi  ca th thu tinh  gim,
cc mt ca th thu tinh  khng th
cong nhiu  nh khi  cn  tr.

C1
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3. Gc trng vt v nng sut phn li ca mt

iu kin  mt cn c th phn bit c hai
im A, B khng nhng ph thuc vo hai im 
c nm trong khong nhn r ca mt hay khng,
m cn ph thuc vo mt i lng gi l gc
trng on AB.  Gc trng on AB l gc  to bi
hai tia sng xut pht t hai im A v B ti mt.  
ln gc trng ny ph thuc vo khong cch gia
hai im A, B v khong cch l t AB ti mt.  Nu 
on AB vung gc vi trc chnh ca mt,  ta c

(Hnh 50.4).

Ngi ta nh ngha nng sut phn li (k hiu )
l gc trng nh nht min khi nhn on AB m mt
cn c th phn bit c hai im A, B.  Vy mun
mt phn bit c A v B th   min.

Nng sut phn li ph thuc vo mt ca tng
ngi.  i vi mt bnh thng 

 = min  1 '   3.104 rad

4. S lu nh ca mt

Sau khi nh sng kch thch trn mng li tt,
nh hng ca n vn cn ko di khong 0,1  s.
Trong khong thi gian ,  ta vn cn cm gic
nhn thy vt.   l s lu nh ca mt.

Hin tng ny c ng dng trong in nh.
Khi chiu phim,  c sau 0,033  s  hay 0,04 s  ngi ta
li chiu mt cnh.  Do hin tng lu nh ca mt
nn ngi xem c cm gic qu trnh din ra l
lin tc.

tan
AB

l
 =

1 .  Ti  sao mt li  c th nhn  r cc vt  cc khong  cch  khc nhau  ?

2.  Hy trnh  by khi  nim im cc vin,  im cc cn v nng sut phn l i .  

3.  Mt khng c tt c th nhn  thy r vt t cch mt  mi  khong  cch khng ? V sao ?

cu hi

Hnh 50.4 Gc trng vt.

Khi  gc trng nh n mt gii
hn no ,  th hai  nh A'  v B'  ca A
v B trn mng li  s rt gn nhau
v nm trn cng mt u t bo
nhy sng.  Khi  ,  mt khng cn
phn bit c hai  im A v B na.
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1 . Chn pht biu  ng.

A.  V phng din  quang hnh  hc,  c th coi  mt tng ng vi  mt thu knh  hi  t.
B.  V phng din  quang  hnh  hc,  c th coi  h thng bao gm cc b phn  cho nh  sng truyn
qua ca mt tng ng vi  mt thu knh  hi  t.
C.  V phng din  quang  hnh  hc,  c th coi  h thng bao gm gic mc,  thu dch,  th thu tinh,
dch  thu tinh  v mng li  tng ng vi  mt thu knh  hi  t.
D.  V phng din  quang  hnh  hc,  c th coi  h thng bao gm gic mc,  thu dch,  th thu tinh,
dch  thu tinh,  mng  li  v im vng  tng ng vi  mt thu knh  hi  t.

2. Chn cu  ng.

A.  S iu  tit ca mt l s thay i   cong  cc mt ca th thu tinh   gi cho nh  ca vt
cn quan st h in  r trn  mng li.

B.  S iu  tit ca mt l s thay i  khong cch gia th thu tinh  v vng mc  gi cho nh
ca vt cn  quan st h in  r trn  mng li.

C.  S iu  tit ca mt l s thay i  khong  cch gia th thu tinh  v vt cn  quan st  gi
cho nh  ca vt cn  quan st h in  r trn  mng li.

D.  S iu  tit ca mt l s thay i  c  cong  cc mt ca th thu tinh,  khong cch gia th
thu tinh  v mng li   gi cho nh  ca vt cn  quan st hin  r trn  mng li.

3.   Trn  mt t giy v hai  vch cch nhau  1  mm (Hnh  50.5).  a t giy ra xa mt dn
cho n khi  thy hai  vch  nh nm trn  mt ng thng.  Xc nh  gn  ng
khong cch t mt n  t giy v suy ra nng sut phn  l i  ca mt mnh.

Khi  ta nhn  r mt vt th nh  ca vt phi  nm trn  nhiu  (t nht l ba)  t bo nhy sng

cnh nhau.  Khong cch gia hai  t bo loi  ny khong 2.1 0 3 mm.  Nh vy,   nhn  r

vt,  th nh  ca vt phi  nm  mt vng trn  mng li  c ng knh  khng c nh hn

6.1 0 3 mm.  Tng ng vi  ng knh  ny th gc trng  c gi tr  khong t 40" n 56",  tc

l gn mt pht.  Gi tr  ny ph  thuc vo khong cch t quang tm thu knh  mt n

mng li   mi  ngi.

Em c bit ?

bi tp

Hnh 50.5
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Cc tt thng gp  mt l cn th,  vin th.  C cch no khc
phc cc tt  khng ?

1 . Cn th
a) c im ca mt cn 

Mt cn l mt nhn xa km hn so vi mt bnh
thng.  im cc vin (Cv)  ca mt cn cch mt mt
khong khng ln (c 2 m tr li,  khong cch ny ph
thuc vo mt b cn nng hay nh).

Khi khng iu tit,  thu knh mt ca mt cn c tiu
im nm trc mng li (Hnh 51 .1 ).

im cc cn (Cc) ca mt cn  gn mt hn so vi mt
bnh thng.

b) Cch khc phc tt cn th

 mt cn c th nhn r c vt  xa nh mt thng,
th phi lm th no cho nh ca vt qua thu knh mt hin
r trn mng li.  Hin nay c hai cch gii quyt :

 Dng mt thu knh phn k c  t thch hp eo trc
mt hay gn n st gic mc.

 Phu thut gic mc lm thay i  cong b mt
gic mc.

Trong thc t,  thng ngi cn th hay chn cch
dng thu knh phn k,  v cch ny n gin.

Thu knh phn k c chn sao cho,  nu ngi cn
th eo knh th nh ca vt  xa v cc hin ln trong
khong nhn r ca mt cn (tt nht l hin ln ti im
cc vin ca mt  mt cn nhn r nh ny m khng
phi iu tit).  

Cn chn thu knh phn k c tiu c bng bao nhiu
 ph hp vi tng mt cn nng, nh khc nhau ? V
nh ca vt  xa v cc s hin ln  tiu din nh ca
knh, nn nu eo knh st mt th phi chn knh c tiu
c bng khong cch t quang tm mt n im
cc vin (Hnh 51 .2) :

fk = OCv

(du tr ng vi thu knh phn k).

Khi eo knh, im gn nht nhn thy r s  xa hn
im cc cn khi khng eo knh.

kf

Cc tt ca mt v 
cch khc phc5151

Hnh 51.1 Khi khng iu
tit,  thu knh mt ca mt
cn c tiu im nm trc
mng li.

Hnh 51.2 Knh c chn
ph hp phi c tiu c 
fK = OCv.
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2. Vin th
a)  c im ca mt vin

Mt vin l mt nhn gn km hn so vi mt bnh thng.  So vi mt bnh
thng, im cc cn (Cc) ca mt vin nm xa mt hn.  Khong cch ny
ph thuc vo mt b vin nng hay nh.

Khi khng iu tit,  thu knh mt ca mt vin
c tiu im nm sau mng li (Hnh 51 .3).  Khi
nhn vt  v cc,  mt vin  phi iu tit.

b) Cch khc phc tt vin th
 khc phc tt vin th cng c hai cch :

Dng mt thu knh hi t c  t thch hp
eo trc mt hay gn n st gic mc.

Phu thut gic mc lm thay i  cong b
mt gic mc.

Cch dng thu knh hi t l n gin hn.
Cn chn knh sao cho khi eo knh, mt vin

nhn c vt  gn nh mt khng c tt.  iu 
c ngha l nh ca vt to bi knh nm  im cc
cn ca mt vin.  nh ny l nh o i vi knh,
nm xa mt hn vt (Hnh 51 .4).

eo knh nh vy th khi mt nhn vt  xa v cc
cng  phi iu tit hn (so vi khi khng eo).

3. Lo th
a) c im ca mt lo
Lo th l tt thng thng ca mt  nhng ngi nhiu tui,  thng t

40 tui tr ln.  Khi tui tng, tnh n hi ca th thu tinh gim v c vng
khng th lm cng phng th thu tinh ln nh hi tr,  do vy khong cc
cn  ca mt tng ln,  ngha l im cc cn Cc xa mt hn so vi mt
bnh thng (lc tr).  Cng nh mt vin,  mt lo nhn gn km hn so vi
mt bnh thng.  

b) Cch khc phc tt lo th

 khc phc tt lo th cng c th c hai cch nh  tt vin th :
Dng mt thu knh hi t c  t thch hp eo trc mt hay gn

st gic mc.
Phu thut gic mc lm thay i  cong b mt gic mc.

Do tt lo th l tt thng thng i vi mi ngi nhiu tui, nn i vi
nhng ngi hi tr mc tt cn th phi eo knh phn k  nhn xa th khi v
gi mc thm tt lo th, th tu theo mc  nng, nh ca tt lo th, h c th
phi eo knh hi t  nhn gn.  i vi nhng ngi ny, tin li nht l dng
loi "knh hai trng" c phn trn l knh phn k, phn di l knh hi t.

Hnh 51.4 Knh c chn ph hp
s cho nh nm  im cc cn ca
mt,   khi vt c t gn mt nh 
mt thng.

Hnh 51.3 Khi khng iu tit,  thu
knh mt ca mt vin c tiu im
nm sau mng li.
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1 .  Hy nu  nhng c im ca mt cn  v cch khc phc tt cn  th .  
2.  Hy nu  nhng c im ca mt vin  v cch  khc phc tt vin  th .
3. Hy nu  nhng c im ca mt lo v cch khc phc tt lo th .

1 . Trng hp no di  y,  mt nhn  thy vt  xa v cc ?

A.  Mt khng c tt,  khng iu  tit.
B.  Mt khng c tt v iu  tit ti  a.
C.  Mt cn  khng iu  tit.
D.  Mt vin  khng iu  tit.

2. Chn cu  ng.
Mt lo nhn  thy vt  xa v cng khi
A.  eo knh  hi  t  v mt khng iu  tit.
B.  eo knh  phn k v mt khng  iu  tit.
C.  mt khng iu  tit.
D.  eo knh  lo.

3. Mt cn  c im cc vin  cch  mt 50 cm v im cc cn  cch mt 1 2,5 cm.  
a)  Tnh   t  ca knh  phi  eo  mt thy r vt  xa v cc.
b)  Khi  eo knh  th mt s nhn  r c vt t cch  mt gn  nht l bao nhiu  ?  
Knh  eo st mt,  quang  tm ca knh  coi  nh trng vi  quang tm ca mt.

4.  Mt vin  nhn  r c vt t cch mt gn  nht 40 cm.  Tnh   t  ca knh  phi  eo  c th
nhn  r vt t cch  mt gn  nht l 25 cm trong hai  trng hp :
a)  Knh  eo st mt.
b)  Knh  eo cch mt 1  cm.

 chn knh  cn cho ph  hp vi  mt,  trn  thc t,  ngi  cn th  phi  eo ln  lt nhng
thu knh  phn k,  c gi tr  tuyt i  ca  t  tng dn  v quan st dng  ch t to n nh,
trn mt bng t cch mt khong 5 m.  Khi  nhn  r mt cch thoi  mi  dng  ch tng ng
 mc  1 0/1 0 th ta  chn c knh  ph  hp.  Lc ,  coi  nh  t yu  cu  nhn  vt
 xa v cc m khng phi  iu  tit.  c gi tr   t  ghi  trn  knh,  ta bit c s knh.

 chn knh  cho mt vin  hay mt lo,  ta phi  eo ln  lt cc knh  hi  t  v nhn  vt
(thng l nhn  cc dng ch trong cc trang sch)  t cch mt mt khong bnh  thng
nh nhng mt khng b  tt,  sao cho mt vin  c th nhn  c c ch thoi  mi.

 phng trnh tt cn th  cho mt,  cn  phi  m bo iu  kin  v sinh  cho mt khi  lm
vic,  v d  nh c sch trong iu  kin    sng,  mt t cch sch khong 25 cm.

Em c bit ?

bi tp

cu hi
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1 . Knh lp v cng dng

Trong nhiu trng hp, nu vt qu nh th ngay
c khi vt  im cc cn,  mt cng khng th thy
r vt,  v khi  gc trng vt nh hn min.

C dng c quang no to ra nh ca vt  mt
nhn thy nh  di mt gc trng   min khng ?

Quang c  l thu knh hi t c tiu c nh
(c vi xentimt).  Khi  vt phi c t cch thu
knh mt khong nh hn tiu c (Hnh 52.1 ).

Thu knh hi t dng trong trng hp ny c gi l knh lp.
Knh lp l quang c b tr cho mt,  c tc dng lm tng gc trng
bng cch to ra mt nh o cng chiu,  ln hn vt.

2. Cch ngm chng  im cc cn v cch ngm chng
 v cc

Mun quan st r mt vt qua knh, ta phi iu chnh v tr ca vt
hoc knh  sao cho nh ca vt hin trong khong nhn r ca mt.
Cch quan st v iu chnh nh vy gi l cch ngm chng.

Khi ngm chng, nu iu chnh knh sao cho nh hin ln  im
cc cn (Cc)  th  l ngm chng  im cc cn. Trong trng hp
ny, thu tinh th phi phng nhiu nht (mt iu tit cc i)  nn
rt mi mt.    mi mt,  ngi ta thng iu chnh sao cho nh
nm  im cc vin (Cv).  Cch  c gi l ngm chng  im
cc vin.  i vi mt khng c tt,  do im cc vin nm  v cc,
nn ngm chng  im cc vin gi l ngm chng  v cc.

3. S bi gic ca knh lp
i vi cc dng c quang nh knh lp v knh hin vi, t s gia

gc trng nh qua dng c quang () vi gc trng trc tip vt (0)
khi vt t  im cc cn ca mt c gi l s bi gic (G) :

(52.1 )

V cc gc  v 0 u rt nh, nn  d tnh ton, c th thay cc
gc bng tan ca chng.  Khi  :

0
G




=

Knh lp5252

Hnh 52.1 Nhn vt qua knh lp.

Gc trng nh A'B' ca vt AB khi
nhn qua knh lp ln hn gc trng vt
AB khi nhn trc tip bng mt.
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(52.2)

Theo Hnh 52.2,  ta c :

vi  = OCc l khong cc cn ca mt (khong cch
t mt n im cc cn).

Hnh 52.1 ,  nu gi l l khong cch t mt
n knh v d'  l khong cch t nh A 'B'  n knh
(d ' < 0),  th ta c :

Do  :  

(52.3)

biu thc ny k l s phng i cho bi
knh lp.

T biu thc trn, ta thy gi tr s bi gic G ca
knh lp ph thuc vo mt ngi quan st, tc l ph
thuc  v tu thuc vo s iu chnh knh lp.

Khi ngm chng  im cc cn, ta c |d'| + l = ,
do  :

Gc = k (52.4)

Khi ngm chng  v cc,  th vt cn quan st
c t  tiu im vt ca knh lp,  nh A 'B'   v
cc,  cc tia l ra khi knh l cc tia song song.  V
vy, nu t mt  bt k v tr no sau knh th gc
trng nh A 'B'  lun c gi tr khng i l .  Trong
trng hp ny ta c :  

v suy ra : (52.5)

Khi ngm chng  v cc,  mt khng phi iu
tit v s bi gic ca knh khng ph thuc vo v
tr t mt (so vi knh).


G

f =

1
tan

AB AB

O F f
 = =

=
+



'
G k

d l




 

= =  
  +0

tan ' ' 

tan '

A B
G

AB d l

' '
tan

'

A B

d l
 =

+

0tan
AB


 =

0

tan

tan
G




=

Hnh 52.2 Mt nhn vt trc tip
di gc trng 0.

Hnh 52.3 Khi mt nhn vt qua knh
lp,  gc trng tng ln nhiu ln.

Hy cho bit,  mun c G ln
th phi  chn knh  lp c c
im nh th no ?

 so snh s bi gic ca cc
knh lp,  ngi ta quy nh ly 
 = 0,25  m.  Knh lp c tiu c
f th gi tr G ca n s l :

vi f o bng mt.

i vi cc knh lp thng dng,
G thng c gi tr t 2,5  n 25.
Gi tr ny thng c ghi ngay
trn vnh knh, v d nh :  x2,5  ;
x8 ...

0, 25
G

f =

C1
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1 .  Hy nu  tc dng ca knh  lp v cch ngm chng nh  ca vt qua knh  lp.

2.  Hy trnh  by khi  nim v s bi  g ic ca knh  lp.

3.  Hy thit lp cng thc s bi  g ic ca knh  lp trong trng hp ngm chng  im cc cn v
ngm chng  v cc.

1 . Chn cu  ng.

A.  Knh  lp l dng  c  quang  to ra nh  tht,  cng  chiu  vt  mt nhn  thy nh   di  mt gc
trng   min (min l nng  sut phn l i  ca mt).

B.  Knh  lp l dng c  quang to ra nh  tht,  ngc chiu  vt  mt nhn  thy nh   di  mt
gc trng   min (min l nng  sut phn l i  ca mt).

C.  Knh  lp l dng  c  quang to ra nh  o,  ngc chiu  vt  mt nhn  thy nh   di  mt gc
trng   min (min l nng  sut phn l i  ca mt).

D.  Knh  lp l dng c  quang to ra nh  o,  cng chiu  vt  mt nhn  thy nh   di  mt gc
trng   min (min l nng  sut phn l i  ca mt).

2. Trn vnh ca mt knh lp c ghi x1 0.  p s no sau y l ng khi ni v tiu c fca knh lp ny ?

A.  f = 5 cm.

B.  f = 1 0 cm.

C.  f = 25 cm.

D.  f = 2,5 cm.

3.  Dng mt thu knh  c  t  +1 0 ip  lm knh  lp.  

a)  Tnh  s bi  g ic ca knh  khi  ngm chng  v cc.

b)  Tnh  s bi  g ic ca knh  v s phng i  khi  ngm chng  im cc cn.  

Cho khong cc cn ca mt l 25 cm.  Mt coi  nh t st knh.  

4.  Mt ngi  cn  th  c khong cch t mt n im cc cn  l 1 0 cm v n im cc vin  l 50 cm,

quan st mt vt nh qua knh  lp c  t  l +1 0 ip.  Mt t st sau  knh.

a)  Phi  t vt trong khong no trc knh  ?

b)  Tnh  s bi  gic ca knh  lp vi  mt ca ngi  y v s phng i  ca nh  trong  cc trng
hp sau  :

Ngm chng  im cc vin.

Ngm chng  im cc cn.

bi tp

cu hi
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Knh lp c s bi gic ln nht c vi chc.  nhn r
cc vt rt nh, v d nh vi khun, cn phi c cc dng c
quang c s bi gic c hng trm hay hng nghn. T cc
linh kin quang  bit,  ta c th a ra nguyn tc cu to
ca mt dng c quang c s bi gic ln hn nhiu ln so
vi s bi gic ca knh lp,  l knh hin vi.

1 . Nguyn tc cu to knh hin vi
 c gc trng nh ca vt ln hn gc trng

vt trc tip nhiu ln,  ngi ta dng mt h gm
hai thu knh hi t.  Thu knh th nht cho ta nh
tht ca vt c phng i.  Thu knh th hai dng
lm knh  lp  quan st nh ny.  Kt qu l mt
nhn thy nh cui cng ca vt di gc trng ln
hn gc trng trc tip (Hnh 53.1 ).

Ngi ta gi dng c c ghp bi hai thu
knh hi t nh vy l knh hin vi.

N l dng c quang b tr cho mt quan st
nhng vt rt nh.  Knh hin vi c s bi gic ln
hn nhiu ln s bi gic ca knh lp.

S  knh hin vi v v tr nh ca vt qua knh
c v  Hnh 53.1 .

Knh hin vi c.

Knh hin vi l h hai thu knh
ghp ng trc.  Khi dng nh ca
vt qua quang h,  ta coi nh ca vt
qua thu knh trc l vt i vi
thu knh sau.  Cch dng nh ny
cng p dng cho quang h gm
nhiu dng c quang khc nhau.

Nu s dng th  knh nh mt
knh lp  quan st nh A1B1 ,  th

A1B1 phi  c t  u ?

C1

Knh hin vi

5353

Hnh 53.1 S  knh hin vi v s to nh ca vt qua
knh hin vi.
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2. Cu to v cch ngm chng

a) Cu to 

Knh hin vi (Hnh 53.2) gm hai b phn chnh
l vt knh (cn gi l knh vt)  v th knh (cn gi
l knh mt).  Hai thu knh c t ng trc  hai
u ca mt ng hnh tr ;  khong cch gia chng
khng i.  Ngoi ra, cn c b phn chiu sng vt
cn quan st.  

Vt knh l mt thu knh hi t c tiu c rt
ngn, khong vi milimt,  dng  to ra mt nh
tht,  ln hn vt nhiu ln.  Th knh l mt thu
knh hi t c tiu c vi xentimt,  c dng nh
mt knh lp  quan st nh tht nu trn.

b) Ngm chng

Vt cn quan st AB c t cch quang tm vt
knh mt khong ln hn tiu c nhng rt gn tiu
im vt ca vt knh.  Qua vt knh, ta thu c nh
tht A1B1 ln gp k1 ln vt AB.  Th knh c s
dng nh mt knh lp  quan st nh A1B1 .  Khi
, th knh cho ta nh o cui cng A2B2 rt ln,
ngc chiu vi vt AB (Hnh 53.1 ).

 nhn r nh A2B2,  ta phi thay i khong
cch d1 gia vt v vt knh sao cho nh ny nm
trong khong nhn r ca mt.  Khi ,  khong cch
d2 t nh A2B2 n th knh cng s thay i.

 cho  mi mt,  cn iu chnh  ngm
chng nh A2B2  v cc (Hnh 53.3).

Tm li,  mun ngm chng  knh hin vi,  ta
phi thay i khong cch d1 gia vt v vt knh
bng cch a ton b ng knh ln hay xung sao
cho mt nhn thy nh A2B2 ca vt r nht.

Hnh 53.2 Cu to knh hin vi.

Khi quan st nh A2B2,  mt t
st sau th knh.  Quang tm O ca
mt coi nh trng vi quang tm O2
ca th knh.

 ngm chng nh A2B2  v

cc, th nh A1B1 phi nm  tiu

im vt F2 ca th knh.

Hnh 53.3 Ngm chng  v cc.
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1 .  Hy trnh  by cu  to v gii  thch  tc dng ca knh  hin  vi .

2.  Hy nu  cch ngm chng i  vi  knh  hin  vi .  

3.  Hy thit lp cc cng thc v s bi  g ic ca knh  hin  vi  trong trng hp ngm chng  v cc.

cu hi

3. S bi gic ca knh hin vi

Khi ngm chng  v cc theo Hnh 53.3,  ta c :

tan

Cn  tan0

Do ,  s bi gic ca knh trong trng hp
ngm chng  v cc l :

hay G = G2

Nh vy, s bi gic G ca knh hin vi trong

trng hp ngm chng  v cc bng tch ca s

phng i ca nh A1B1 qua vt knh vi s bi

gic G2 ca th knh.  

 xem s bi gic G ph thuc nh th no vo
tiu c ca vt knh v th knh, ta xt hai tam gic
ng dng A1B1F'1 v O1IF '1 trn Hnh 53.3.  Ta c :

vi  = F '1F2.  Khong cch  t tiu im nh

ca vt knh n tiu im vt ca th knh gi l

 di quang hc ca knh hin vi.

Vy : (53.1 )


 =
1 2
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f f
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A B A B

O F f
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Hai s liu v G2 thng

c ghi ngay trn vnh  ca vt

knh v th knh, v d :  x 50 ;  x 100.

Hnh 53.4 Knh hin vi hin i.

Mun cho knh hin vi c s bi
gic ln,  th tiu c ca vt knh v
th knh phi nh.  

Ta c th xy dng biu thc tnh
s bi gic G ca knh trong trng
hp tng qut nh sau :

T Hnh 53.1 ,  ta c :

Theo (52.3),  suy ra G = .  G2.1k

=
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1 .  Chn cu  ng.

 iu  chnh  knh  hin  vi  khi  ngm chng phi

A.  thay i  khong cch gia vt v vt knh  bng cch a ton b ng knh  ln  hay xung sao
cho nhn  thy nh  ca vt to v r nht.

B.  thay i  khong  cch gia vt v vt knh  bng cch gi nguyn ton  b ng  knh,  a vt li
gn vt knh  sao cho nhn  thy nh  ca vt to v r nht.

C.  thay i  khong cch  gia vt knh  v th  knh  sao cho nhn  thy nh  ca vt to v r nht.

D.  thay i  khong cch  gia vt v th  knh  sao cho nhn  thy nh  ca vt to v r nht.  

2. Chn cu ng.  
Cng thc v s bi  gic ca knh hin vi  trong trng hp ngm chng  v cc l :

A. . B. . C. . D. .

3. Mt knh  hin  vi  c vt knh  vi  tiu  c f1 = 1  cm v th  knh  vi  tiu  c f2 = 4 cm.  Hai  thu  knh  cch
nhau 1 7 cm.  

Tnh  s bi  gic ca knh  trong trng hp ngm chng  v cc.  Ly  = 25 cm.

4. Mt knh  h in  vi  c vt knh  vi  tiu  c f1 = 4  mm,  th   knh  vi  tiu  c f2 = 20  mm v  di  quang
hc  = 1 56 mm.  Ngi  quan  st c mt bnh  thng  vi  im cc cn  cch  mt mt khong
 = 250 mm.  Mt t ti  tiu  im nh  ca th   knh.  Hy xc nh  :

a)  Khong cch  t vt n vt knh  trong  trng hp ngm chng ny.

b)  S bi  g ic trong trng hp ngm chng  v cc.

c)  Gc trng  nh,  bit AB = 2 m.

Knh hin  vi  ni  trong bi  l knh  hin  vi  quang hc,   ,

ngi  ta dng nh sng kh kin  chiu  sng vt cn  quan st.

Knh hin  vi  quang hc c s bi  gic ln  nht khong 2 000.

T nm 1 930,  ngi  ta  ch to ra knh  hin  vi  in  t.

Trong dng c  ny,  ngi  ta dng  cc chm tia in  t 

"chiu sng" vt quan st (Hnh  53.5).  S bi  gic ca knh  hin

vi  in  t c th ti  mt triu.

Em c bit ?

2

.

.


 =G
f f1

2.

. =
f f
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1

2

.
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 =G
f f12

2 .
.


 =G
f f1

bi tp

Hnh 53.5 Knh hin vi in t.
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Trong nghin cu thin vn,  quan st r cc thin th 
rt xa Tri t, cn phi to ra mt loi dng c quang h tr
cho mt sao cho khi nhn thin th qua dng c , s thy nh
ca thin th di gc trng ln hn rt nhiu ln so vi khi
nhn trc tip bng mt. V nguyn tc, dng c quang 
c th c cu to nh th no ?

1 . Nguyn tc cu to ca knh thin vn
Khi nhn thin th  xa,  mun tng gc trng th

trc ht phi to c mt nh tht ca n  v tr
gn, nh linh kin quang th nht.  Sau  nhn nh
ny qua linh kin quang th hai  thy nh cui
cng di mt gc trng ln hn.  

Vi nguyn tc cu to nh th,  c th a ra
nhiu m hnh ca dng c quang m khi nhn thin
th qua dng c quang s thy nh di gc trng
ln hn.

Dng c quang c chc nng nh trn gi l knh

thin vn.  Knh thin vn l dng c quang b tr
cho mt quan st cc vt  rt xa bng cch to nh
c gc trng ln hn gc trng vt nhiu ln.  Knh
thin vn, trong  ngi ta dng thu knh  nhn
nh sng t vt chiu n, c gi l knh thin
vn khc x (Hnh 54.1  v 54.3).  Cn knh thin
vn, m trong  ngi ta dng gng  nhn nh
sng t vt chiu n, c gi l knh thin vn
phn x (Hnh 54.4).

Di y nghin cu knh thin vn khc x.

Knh thin vn khc x dng
trong trng hc.

Mc tinh l hnh tinh ln nht
trong h Mt Tri,  c ng knh
ti  xch o khong 1 43 000 km.
Khi  Mc tinh cch xa Tri  t
630 000 000 km,  t Tri  t,  nhn
bng mt thng c th thy r
Mc tinh khng ? Ti  sao ?

Linh  kin  quang th nht
trong knh  thin  vn c th l cc
loi  l inh  kin  no ? Khi  vt AB coi
nh  xa v cng,  nu  ta  nhn  n
qua l inh  kin  ny,  th nh A1B1
ca n s nm  u  v c tnh
cht g ?

Linh kin quang th hai  c
th l cc loi  l inh kin no ? Khi
nhn A1B1 qua l inh kin quang th
hai,   thy nh cui  cng di
gc trng ln th A1B1 phi  c
t  v  tr no ?

C3

C2

C1

Knh thin vn5454

Hnh 54.1 S  v s to nh qua knh thin vn K-ple.
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2. Cu to v cch ngm chng
B phn ch yu ca knh thin vn khc x

thng dng gm hai thu knh hi t.  Vt knh c
tiu c ln.  Th knh c tiu c nh.  Hai knh c
lp ng trc  hai u ca mt ng hnh tr.
Khong cch gia chng c th thay i c.

Khi ta hng ng knh v pha vt cn quan st
AB coi nh  xa v cc,  vt knh cho mt nh tht
A1B1 nm  tiu din nh ca vt knh.  Th knh cho
nh cui cng A2B2 l mt nh o,  ngc chiu
vi vt AB (Hnh 54.3).  

Mun quan st c nh A2B2,  cn t mt st sau
th knh v thay i khong cch O1O2 gia vt knh
v th knh (bng cch dch chuyn th knh) sao cho
nh A2B2 nm trong khong nhn r ca mt.

Dng c quang c nu 
Hnh 54.2 c cu to theo nguyn
tc knh thin vn khc x,  gm mt
thu knh hi t v mt thu knh
phn k.  N c gi l ng nhm
Ga-li-l.  nh qua ng nhm Ga-li-l
cng chiu vi vt.

Hy so snh cu to ca
knh thin  vn khc x v knh
hin vi.

C4

Hnh 54.2 S  ca ng nhm Ga-li-l v s to nh ca vt qua ng nhm.

Hnh 54.3 S  knh thin vn khc x v s to nh khi ngm chng  v cc.
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 ngm chng  v cc, phi iu chnh knh sao
cho nh A1B1 nm  tiu im vt F2 ca th knh.
Khi , tiu im nh F '1 ca vt knh s trng vi
tiu im vt F2 ca th knh.  Ta c O1O2 = f1 + f2.

Tm li,  mun ngm chng ta phi dch chuyn
th knh  thay i khong cch O1O2 gia vt
knh v th knh, sao cho nhn thy nh A2B2 nm
trong khong nhn r ca mt.

Knh thin vn phn x

 knh thin vn phn x,  vt knh l mt gng lm,
thng l gng parabol.

Ngm chng  knh thin vn phn x,  v nguyn tc,  cng
ging nh  knh thin vn khc x (xem Hnh 54.4).

Trong thc t,   cc knh thin vn phn x,  cc tia sau khi
phn x ti gng lm, s i ti v c phn x,  i hng
ti mt gng khc  i n th knh (Hnh 54.5a,  b).

Knh thin vn phn x c nhiu u im hn knh thin
vn khc x.  Mt trong nhng u im  l,   c th quan
st c cc ngi sao  xa,  ngi ta tng ng knh ca
gng nhm lm cho gng thu c nhiu tia sng t cc
ngi sao  xa y.

Hnh 54.5 Knh thin vn phn x.

a) S  mt ct knh thin vn Niu-tn. b)  S  mt ct knh thin vn Ca-x-granh (Cassegrain).

Hnh 54.4 S  nguyn l knh thin
vn phn x v s to nh qua knh.

 c nh cui cng l mt nh
cng chiu vi vt,  cn t trong
khong gia vt knh v th knh mt
cp lng knh phn x ton phn,
mi lng knh c tit din l tam
gic vung cn.

Hy so snh  cch  iu
chnh knh  khi  ngm chng 
knh thin  vn khc x v knh
hin vi.  Ti  sao li  c s khc
nhau  ?

C5
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3. S bi gic ca knh thin vn

Trong trng hp knh thin vn, 0 l gc trng
trc tip vt nhng vt khng nm  im cc cn
ca mt (v khng th a vt li gn mt c).

T Hnh 54.3  ta thy, trong trng hp ngm
chng  v cc,  (gc trng nh cui cng qua knh)
l gc A1O2B1 ,  cn 0 (gc trng vt AB khi khng
dng knh) bng gc A1O1B1 .  Do  :

,  cn

S bi gic c gi tr :

(54.1 )

Nh vy, s bi gic G

ca knh thin vn khc

x trong trng hp ngm chng  v cc bng t
s ca tiu c vt knh f1 v tiu c th knh f2.

1

0 2

tan

tan

f
G

f





= =

1 1
0

1
tan

A B

f
 =

1 1

2
tan

A B

f
 =

Mun cho s bi gic ca knh
thin vn khc x ln,  th tiu c ca
vt knh phi ln v tiu c ca th
knh phi nh.

Trong thc t, f1 c vi chc
xentimt n vi mt, f2 c vi
xentimt.

1 .  Knh  thin  vn  dng   lm g ?  Ti  sao knh  thin  vn  c th lm c vic  ?
2.  Hy trnh  by cu to ca knh  thin  vn  khc x.

3.  Hy trnh  by cch  ngm chng  knh  thin  vn  khc x.  Cho bit cch iu  chnh  knh  khi  ngm
chng  knh  hin  vi  v  knh  thin  vn  khc x.  Gia hai  cch c im g khc nhau  ? 

4.  Hy thit lp cng thc v s bi  gic ca knh  thin  vn  khc x trong  trng hp ngm chng 
v cc.

1 .  Trong cc trng hp sau,  trng hp no s dng knh thin vn khc x  quan st r vt l ng ?

A.  Thay i  khong cch gia vt knh  v th  knh  bng  cch  gi nguyn  vt knh,  d ch  chuyn th
knh  sao cho nhn  thy nh  ca vt to v r nht.
B.  Thay i  khong  cch gia vt v knh  bng  cch  d ch  chuyn  knh  so vi  vt sao cho nhn  thy
nh ca vt to v r nht.
C.  Thay i  khong  cch gia vt knh  v th  knh  bng cch gi nguyn th  knh,  d ch  chuyn vt
knh  sao cho nhn  thy nh  ca vt to v r nht.
D.  Dch  chuyn thch  hp c vt knh  v th  knh  sao cho nhn  thy nh  ca vt to v r nht.

2. Vt knh  ca mt knh  thin  vn  hc sinh  c tiu  c f1 = 1 ,2 m ;  th  knh  l thu knh  hi  t  c tiu

c f2 = 4 cm.  Tnh  khong  cch gia hai  thu  knh  v s bi  gic ca knh  thin  vn  trong

trng hp ngm chng  v cc.

bi tp

cu hi
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3.  Mt knh  thin  vn  khc x c iu  chnh  cho mt ngi  c mt bnh  thng nhn  c nh r

nt ca vt  v cc m khng phi  iu  tit.  Khi   vt knh  v th  knh  cch nhau  62 cm v s

bi  gic G = 30.

a)  Xc nh  tiu  c ca vt knh  v th  knh.

b)  Vt quan st l Mt Trng  c gc trng .  Tnh  ng knh  ca nh  Mt Trng

cho bi  vt knh.

4.  Nm 1 61 0,  Ga-l i-l  quan st thy 4 v tinh  ca Mc tinh.  Ganymede l mt trong 4 v tinh  

v l v tinh  ln  nht trong  s cc v tinh  ca cc hnh  tinh  trong h Mt Tri.  ng knh  xch

o ca n khong  5 262 km.  Nu Ga-l i-l mun quan  st thy v tinh  ny khi  n cch xa Tri  t

l 630 000 000 km th ng  phi  dng  knh  thin  vn  c s bi  gic t nht l bao nhiu  ?

Knh thin  vn c nghin  cu  trn  l knh  thin

vn quang.  S d gi  tn nh vy v  knh ny,  nh sng

t vt c quan st chiu  n knh  l nh sng nhn

thy.  Knh thin  vn  quang ln  nht hin  nay l knh

thin vn Keck,  n c t ti  i  quan st Mauna Kea,

Ha-oai.  ng knh  gng phn  x ca knh  Keck l

1 01 6 cm (Hnh  54.6).

 knh thin  vn  quang,   nng cao cht lng

nh quan st,  cn  phi  khc phc hin  tng cu  sai

(i  vi  gng v thu knh)  v sc sai  (i  vi  thu

knh).  nh  sng trng l s hp thnh bi  nhiu  nh

sng mu  khc nhau.  Chiu  mt chm sng trng hp

song song vi  trc chnh ca thu knh  hi  t,  th sau

khi  qua thu knh,  chm sng khng hi  t  ti  mt

im m hi  t  ti  nhiu  im gn nhau trn  trc

chnh.  Mi  im hi  t   ng vi  mt mu trong chm

sng trng.  H in  tng  c gi  l sc sai.

Ngy nay,  ngi  ta dng cc loi  knh  thin  vn  v

tuyn,  knh  thin  vn hng ngoi,  knh  thin  vn t

ngoi,  knh  thin  vn tia X,  tia gamma.  Chng thu  nhn

cc loi  tia ny pht ra t vt quan st  to nh.

Em c bit ?

rad
 

=  
 

0

1

100

Hnh 54.6 Knh thin vn phn x Keck.

Hnh 54.7 Knh thin vn Hp-bn
ngoi kh quyn.
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1 . Vt sng AB nm trong mt phng P song song vi mn nh M v cch M mt
khong 2 m. t gia vt sng v Mmt thu knh hi t L c tiu c Trc chnh

ca thu knh vung gc vi cc mt phng P v M v i qua im A ca vt sng AB.
a)  C my v tr ca thu knh cho php hng c nh A 'B '  ca AB r nt trn

mn M ? Xc nh khong cch gia cc v tr ca thu knh n mn M.  Tnh s
phng i trong tng trng hp.

b) Nu ch c mt v tr ca thu knh cho nh r nt trn mn, th tiu c f ca
thu knh phi bng bao nhiu ?

c)  Thay mn M bng mt gng phng G c mt phn x hng v pha thu knh.
Thay i v tr thu knh sao cho tiu din ca n trng vi mt phng P m vt sng
AB nm trong mt phng .  Hy v v xc nh v tr nh A 'B '  ca AB cho bi h
thu knh v gng.

Bi gii :

a) S  to nh qua L

 tm tt mt cch trc quan cc iu kin  cho v iu phi tm i vi mt
bi ton quang, ngi ta a ra s  to nh qua tng dng c quang, hay qua ton
b quang h.

s  ny,  ta cn da vo cc yu t  bit v vt,  dng c quang, hay h quang
v nh, cng vi cc quan h gia chng.  V d nh :

trong  d + d'  = 2 m.

Ta c d + d' = 2 m

v d =

Vy  3d'  + (8d'   3)(d'   2) = 0  4d'2  8d'  + 3  = 0

Gii phng trnh cho ta 2 nghim d'  ng vi 2 khong cch t thu knh n mn :

m v 0,5  m.

S phng i :

Vi  d
1
= 0,5  m cho

Vi  d
2
= 1 ,5  m cho 2

0, 5 1
1, 5 3

k =  = ='
2 0, 5 md

1
1, 5

3
0, 5

k


= = ='
1 1, 5 md


= =

4 2
' 1,5

4
d

+ =


3 '
' 2

8 ' 3
d

d
d

= =
 



3
'' 3 '8

' 3 8 ' 3
'

8

dd f d

d f d
d

'
' ' ,

d d
AB L A B 

3
m.

8
f =

Bi tp v dng c Quang5555
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b) Xc nh gi tr ca f khi ch c mt v tr ca thu knh cho nh r nt trn mn.

 ch c mt v tr ca thu knh cho nh r nt trn mn th phng trnh bc
hai theo d'   trn phi cho nghim kp.

T 

Vy '  = 1   2f= 0  f = 0,5  m.

c)  V nh A 'B '  ca AB

T B v 2 tia :  Tia BI song
song trc chnh i qua tiu
im nh F '  n gng G,  tia
BO qua quang tm n
gng G.  Do vt AB t ti
mt phng tiu din ca thu
knh nn nh sng t B i
qua thu knh l ra mt
chm song song i n G,
phn x ti G,  chm phn x
i xng vi phng BO qua
phng song song vi trc chnh.  Mt khc,  chm phn x cng l chm song song,
nn sau khi qua thu knh, s hi t ti B'  trn mt phng tiu din v i xng vi B
qua trc chnh.  Tm li,  nh A 'B'  l nh tht,  cng nm trn tiu din ca thu knh,
ngc chiu v c  ln bng AB (Hnh 55.1 ).

2. Mt mt cn th v gi,  khi iu tit ti a,   t ch tng thm 1  ip so vi khi
mt khng iu tit.

a)  Xc nh v tr im cc cn.  Bit im cc vin cch mt 2 m v khong cch
t quang tm ca mt n vng mc l OV = 15  mm.

b) Tnh  t ca knh L1  khi eo knh cch mt 2 cm, mt nhn r vt  v cc
khng phi iu tit.

c)   nhn gn, ngi ta gn thm mt knh L2 st L1 v nm  na di L1  to
thnh knh hai trng.  Tnh  t ca L2  khi nhn qua h L1 , L2 thy vt t cch
mt 25  cm m cng khng phi iu tit.

Bi gii

a) Xc nh v tr im cc cn

Xc nh  t ca mt lc cha iu tit (D0).

S  to nh (vt  im cc vin) :

= =
 

2 m ' 0,015 m
mt ' '

d d
AB A B

+ =  + =   + =


2'
' 2 ' 2 ' 2 ' 2 0.

'
d f

d d m d d d f
d f

Hnh 55.1
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  67,2 ip

Xc nh  t ca mt lc iu tit ti a (D) :

D = 1  + D0  D = 1  + 67,2 = 68,2 ip

Xc nh v tr im cc cn :
S  to nh (vt  im cc cn)



d = m = 66,7 cm

im cc cn ca mt cn th v gi xa mt hn so vi khi cn tr v kh nng
iu tit ca mt v gi km.

b) Tnh  t ca knh L1
Knh L1 phi c tiu im nh F '   im cc vin ca mt,  ngha l F '  trc mt

2 m = 200 cm, hay trc knh 200 cm  2 cm = 198 cm.

Vy L1 c tiu c f1 = 198 cm, l thu knh phn k.

 t ca L
1
=   0,51  ip.

c)  Tnh  t ca knh L2
Ta coi nh thu knh L2 c ghp st vi L1 .  Quang tm ca hai thu knh ny coi

nh trng nhau.  Khi  ta c th thay h hai thu knh ghp st ny bng mt thu
knh tng ng c  t D bng tng  t D1 ,  D2 ca cc thu knh ca h.

D = D1  + D2

Cng thc ny c chng minh nh sau :
S  to nh qua h hai thu knh :

S  to nh qua thu knh tng ng :

Cc phng trnh i vi h hai thu knh :

(1 )

(2)= +
'

2 2 2

1 1 1

f d d

= +
'

1 1 1

1 1 1

f d d

  2 2
1 2

'
AB L A B

d d

   1 1 1 2 2 2
1 21 2

' '
AB L A B L A B

d dd d

1

1, 98

1

1, 5

1
66, 7 68, 2

d
+ =

1 1 1

'
D

d d f
+ = =

=
=

 
? ' 0,015m68,2

mt ' '
d d

D
AB A B

0
1 1

2 0, 015
D = +0

0

1 1 1

'
D

f d d
= = +
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(3)

Phng trnh i vi thu knh tng ng :

(4)

T (1 )  v (2)  suy ra :

(5)

T (3)  v (5)  suy ra :

(6)

V phi ca (6)  trng vi v phi ca (4)  nn :



Mt nhn vt cch mt 25  cm (tc l cch knh 25  cm  2 cm = 23  cm) m khng
phi iu tit,  ngha l nh ca vt qua knh "hai trng"  phi nm  im cc vin ca
mt,  cch mt 200 cm (cch knh 198 cm).

S  to nh (vt  im cc cn) :

AB A 'B'

Vy   f
2
= 23  cm

L2 c tiu c f2 = 23  cm, l knh hi t.

 t ca L
2
l  4,3  ip.

3. Mt knh hin vi c vt knh vi tiu c f1 = 3  mm, th knh vi tiu c
f2 = 25  mm v  di quang hc  = 16 cm.  Ngi ta t mt tm phim nh vung
gc vi quang trc ca h,  cch th knh 20 cm.

a) Cn t vt AB  v tr no trc vt knh  nh cui cng ca n ghi c r
nt trn phim.

b) Tnh s phng i k.

Bi gii

a) Xc nh v tr t vt AB

2
2

1 1

0, 23
D

f
= =

2

1 1 1 1

23 198 198 f
+ = +
 1 2

1 1 1 1

'd d f f
+ = +

=


' 198 cmd

1 2

1 1
knh ghp

f f
+

=


23 cmd

1 2D D D= += +
1 2

1 1 1

f f f

+ = +
'

1 2 1 2

1 1 1 1

f f d d

+ 
+ = + + + = + + 

 

'
2 1

' ' ' '
1 2 1 2 11 2 1 2 2

1 1 1 1 1 1 1 1d d

f f d d dd d d d d

= +
'

1 2

1 1 1

f d d

+ = ='
1 2 1 2 0d d O O
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Khong cch hai knh l :  

O1O2 =  + ( f1 + f2)  = 16 cm + 0,3  cm + 2,5  cm = 18,8  cm.
S  to nh :

A2B2 r nt trn phim nn d2'  = 20 cm.

cm

A1B1  trc O2 mt khong 2,86 cm nn  sau O1 l 18,8 cm  2,86 cm = 15,94 cm.
A1B1 l nh tht ca L1 ,  vi d '1 = 15,94 cm.

d
1
= 0,306 cm

Vt AB cn t trc vt knh mt khong l 0,306 cm.

b) Tnh s phng i k

S phng i k  364.

4. Mt knh thin vn c vt knh vi  t 0,5  ip.  Th knh cho php nhn mt vt
cao 1  mm t trong tiu din vt di mt gc l 0,05  rad.

a)  Tm tiu c ca th knh.

b) Tnh s bi gic ca knh thin vn lc ngm chng  v cc.

c)  Tnh khong cch gia hai im trn Mt Trng, nu gc trng hai im ny
nhn qua knh l 4'.  Coi khong cch t Tri t ti Mt Trng l 400 000 km.  

Bi gii

a) Tm tiu c ca th knh

Vt A1B1 t ti tiu im vt F2 ca th knh, A2 B2  v cc (Hnh 55.2).

 cm1 1
2

0

0,1
2

0, 05

A B
f


= = =

1 1
0 0

2
tan

A B

f
 = 

1 2
1 2

1 2

' '
. . 364

d d
k k k

d d
= = 

15, 94.0, 3

15, 94 0, 3




2
20.2, 5

2,86
20 2, 5

d = =


   1 1 1 2 2 2' '1 21 2

AB L A B L A B
d dd d

Hnh 55.2
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b) Tnh s bi gic lc ngm chng  v cc

cm

c) Tnh khong cch gia hai im trn Mt Trng



 rad

Hnh 55.3  cho thy :  

OB = 400 000 km

AB = 0.OB = 1 ,16.10 5 .  4.10 5 km = 4,64 km.

0 0tan
AB

OB
 = 

5
0 1,16.10


=


= =

34 ' 1,16.10 rad

0 100


 =

0
100G





= =

1

2

200
100.

2

f
G

f
= = =

= =1
1

m 200
0, 5

f

Hnh 55.3
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Thc hnh :
Xc nh chit sut ca nc v
tiu c ca thu knh phn k5656

1 . Mc ch
 Xc nh chit sut ca nc v tiu c ca thu knh phn k.
 Rn luyn k nng s dng, lp rp,  b tr cc linh kin quang v k nng tm nh

ca vt cho bi thu knh.

2. C s l thuyt
 Xt s khc x ca tia ti SI

nm trong mt phng vung gc
vi thnh cc hnh tr cha nc
(Hnh 56.1 ),  ta tnh c chit sut
ca nc :

  xc nh tiu c ca thu knh phn k,  ta ghp n ng trc vi thu knh
hi t sao cho v tr nh tht A1B1 ca vt AB cho bi thu knh hi t nm  pha sau
thu knh phn k v nm trong tiu c vt ca thu knh phn k.  Khi ,  ta thu c
nh tht A2B2 trn mn (Hnh 56.2).  Tiu c f ca thu knh phn k c xc nh

theo cng thc :
'

.
'

dd
f

d d
=

+

= =

= =

sin sin '
sin sin '

'
'

.
' '

i S IM
n

r I IM

S M
S MIM

I M I M

IM

Hnh 56.1 S khc x ca tia ti SI ti thnh cc nc.

Hnh 56.2 S to nh tht ca h thu knh hi t  thu knh phn k.
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3. Phng n th nghim

a) Xc nh chit sut ca nc

 Dng c th nghim

 Mt cc thu tinh hnh tr thnh mng dung tch 500 ml,  ng knh 80 mm.

 Bng dnh sm mu rng 50 mm.

 Dao c li mng.

 Nn v dim.

 Thc chia n milimt.

 Bt ch v giy trng.

 Tin trnh th nghim

 Dn bng dnh sm mu bao quanh thnh ngoi ca cc v rch trn bng dnh
mt khe hp rng khong 2 mm, dc theo ng sinh ca cc.   nc vo chng
na cc.

 t ngn nn ang chy v cc nc ln trn t giy  mt bn,  cch nhau 
20 cm.  Xoay cc nc sao cho ch c mt vt sng trn bng dnh i din vi 
khe hp.

V ng vin chu vi y cc ln

t giy.  nh du hnh chiu M ca

vt sng trn chu vi y cc.

 Xoay cc i mt gc khong 30o

(Hnh 56.3).  nh du cc v tr I, M

v cc hnh chiu S ' ,  I '  ca hai vt

sng  thnh cc ln ng vin

chu vi y cc  t giy (Hnh 56.1 ).

 Lp li hai ln bc th nghim

trn bng cch tip tc xoay cc i mt cht.  nh du cc v tr I,  M,  S ',  I '  tng

ng  mi ln th nghim ln ng vin chu vi y cc  t giy.

 B cc nc v ngn nn ra.  o tng cp cc on S 'M,  I'M tng ng v ghi

vo bng s liu.

 Tnh v ghi vo bng s liu gi tr chit sut ca nc theo cng thc

 Tnh v n.n

=
'

.
'

S M
n

I M

Hnh 56.3 Xc nh chit sut ca nc ng trong cc.
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b) Xc nh tiu c ca thu knh phn k

 Dng c th nghim 

 Mt bng quang hc di 1  000 mm, c gn thc thng chia n milimt.
 Mt thu knh hi t.

 Mt thu knh phn k.

 Mt n chiu sng 6 V  8 W v cc dy dn.

 Mt ngun in 6 V  3 A.

 Vt AB c dng hnh s 1  nm trong l trn ca tm nha.

 Mn nh.

 Nm  trt  cm n, vt,  hai thu knh v mn nh.

 Tin trnh th nghim

 B tr n,  vt,  thu knh hi t v mn nh sao cho thu c nh r nt nht 
c kch thc nh hn vt trn mn.  nh du v tr ca nh trn bng quang hc.

 t thu knh phn k vo trc mn v cch mn mt khong d = 50 mm.  
Dch dn mn ra xa thu knh phn k ti v tr thu c nh r nt nht trn mn 
(Hnh 56.4).

o v ghi vo bng s liu cc khong cch d,  d ' .  Tnh tiu c ca thu knh

phn k theo cng thc v ghi vo bng s liu.

 Lp li bc th nghim ny hai ln vi nhng gi tr d gn vi gi tr d  trn.
Tnh f trong tng ln th nghim.

 Tnh v f.

4. Bo co th nghim

a) Mc ch th nghim.

b) C s l thuyt.

f

=
+

'
'

dd
f

d d

Hnh 56.4 Xc nh tiu c ca thu knh phn k.
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1 .  V sao  th nghim xc nh  chit sut ca nc,  cc ng nc phi  c thnh mng,  ng knh

ln  v c xoay vi  cc gc quanh 30o ?

2.  Ngoi  phng n  lm,  em cn bit nhng phng n no khc  xc nh chit sut ca nc ?

3.  Trong th nghim xc nh  tiu  c ca thu knh  phn k,   xc nh  gi tr  d ' ,  ti  sao ta phi  tm

v  tr ca mn  cho nh  r nt nht ca vt ?

4.  Hy nu  phng n  th nghim dng h thu  knh  phn  k  thu knh  hi  t   xc nh  tiu  c

ca thu knh  phn  k.  Ngoi  phng n  th nghim ny,  em cn  bit nhng cch no khc  xc

nh  tiu  c ca thu  knh  phn k ?

cu hi

c) Tin trnh th nghim.

d) Kt qu th nghim.

 Xc nh chit sut ca nc

Bng 56.1

 Xc nh tiu c ca thu knh phn k

Bng 56.2

e) Nhn xt kt qu th nghim

. . .f f f=   =

max min . . .
2

f f
f


 = =

1 2 3 . . .
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f f f
f

+ +
= =
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n


 = =
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n n n
n

+ +
= =
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1
2
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1 .  Lng knh

Cc cng thc ca lng knh :

sini = nsinr ;     sini '  = nsinr '  ;     r + r '  = A ;    D = i + i '   A

Khi tia sng c gc lch cc tiu : hay

2. Thu knh

 t ca thu knh :

Cng thc thu knh :

S phng i  :

3. Mt

Hai b phn quan trng nht ca mt l thu knh mt v vng mc.

iu kin  mt nhn r vt l vt nm trong gii  hn nhn r ca mt v mt nhn vt

di gc trng   min (nng sut phn l i).

4. Knh lp

S bi  gic :

+ Khi  ngm chng  im cc cn :  Gc = k.

+ Khi  ngm chng  v cc : (khng ph thuc vo v tr t mt).

5. Knh hin vi

S bi  gic :  G = .G2

(vi  k1 l s phng i  ca nh A1B1 qua vt knh ;  G2 l s bi  gic ca th knh)

(vi   l  di  quang hc ca knh).
1 2

.
G

f .f



=

1k


G

f
 =




= =

+0 '


G k

d l

= 
d

k
d

'

+ =
d fd '

1 1 1
1 2

1 1 1
1D (n )

f R R

 
= =  + 

 

+
=

2
m

m
D A

ir r A= =
1

'
2

m tt chng VII

TT
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6. Knh thin vn

Knh thin vn khc x gm vt knh c tiu c ln v th knh c tiu c nh,  u l

thu knh hi  t.

Knh thin vn phn x gm gng lm c tiu c ln v th knh l thu knh hi  t,

c tiu c nh.

Ngm chng l quan st v iu chnh khong cch gia vt knh v th knh sao cho

nh ca vt nm trong khong thy r ca mt.

S bi  gic :

(vi  f1 l tiu c ca vt knh,  f2 l tiu c ca th knh)


=

f
G

f

1

2
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 s  t  b  t  n  

 l  l  1

h lc 1PP
1 . Vn k, ampe k khung quay 

Cng dng :  o hiu in th v cng  dng
in (Hnh 1 ).

Nguyn tc hot ng :  

 Khung dy quay trong t trng khi c
dng in.  

 Gc quay ca kim t l vi dng in qua khung.

Cu to : gm mt in k khung quay, mc vi
cc in tr ph mc ni tip trong vn k,  sn mc
song song trong ampe k,   m rng gii hn o.

Cc b phn chnh :  (Hnh 2)
 Nam chm vnh cu gn vi vng st non to

ra t trng mnh.

 Khung dy nh,  nhiu vng, gn vi trc quay
v hai l xo  dn in vo khung v to ra momen
cn.  Khung ny c t trong mt khe c t trng
mnh to bi mch t bng st non.

 Kim gn cht vi khung quay  ch th s o
trn bng chia .

Khi c dng in qua hai l xo vo khung dy,
momen ca lc t s lm quay khung, hai l xo b
xon li to momen cn, khi cn bng th kim s ch
mt gi tr xc nh.  

Gii hn o : Loi thng dng trong nh trng
vo khong vi chc vn v vi ampe.

 chia nh nht : Tu tng loi,  thng thng
l 0,1  A 0,2 V c loi chuyn  o cc gi tr nh
nh miliampe, micrampe.. .

Cn lu  khi s dng  bo v dng c o v
c php o chnh xc :  

 Phn ln cc dng c o in u c nhiu
thang o cho nn cn c lng gi tr o  chn
thang o thch hp.

Hnh 1 Vn k,  ampe k khung quay.

Hnh 2 Cu to ca in k
khung quay.
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 Mc vo mch in ng v tr v ng cc.
 T th t dng c o ng quy nh ca tng loi.  
 Tuyt i khng mc nhm v tr ca ampe k vi vn k !

2. My o in a nng ch th bng kim
Cng dng : o c nhiu i lng in nh I,

U,  R (cn gi l AVO mt) (Hnh 3).

Cu to : Gm mt in k khung quay, nhiu
in tr ph ng vi cc chc nng v thang o khc
nhau.  Ring chc nng o R th c dng pin t trong
my o.

Cc thng s chnh :

 in tr trong o bng /V :  Cho bit in tr
ca my o ng vi mi thang o.

V d :  my o c in tr trong 5  k /V, khi dng
lm vn k vi thang o 10 V th in tr ca vn k
l 50 000 ,  nu dng thang o 100 V th in tr ca
vn k s l 500 000 .  

Gi tr /V cng ln th my o cng chnh xc v
gi thnh cng cao.

 Cc chc nng c th thc hin :  A-V hoc A-V-O
 Cc gii hn o ng vi tng thang o.

Ch  :  

 Chn chc nng v thang o ph hp bng cch
xoay mi tn mu trng.  Mc vo mch in ng v
tr vi hai trong ba cht thch hp ( pha trn) ca
my o.  Thng thng cc my o u c mt cht
dng chung mi chc nng, cn vi cht dng ring
cho tng chc nng.

 Khi c gi tr cn t mt thng gc vi bng
chia  v ly sai s dng c bng mt na gi tr ca
vch chia.

3. My o in a nng hin s
Cng dng :  Tng t nh my o ch th bng

kim (Hnh 4).

c im :  

 C in tr trong rt cao,  c M /V.
 Kt qu o c hin th bng s vi bn ch s

nn c th c kt qu vi  chnh xc cao.

Hnh 3 My o in a nng 
ch th bng kim.

Hnh 4 My o in hin s.
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 C hin tng cc s cui khng n nh nu chn thang
o qu chnh xc.  

 Bt buc phi dng pin vi mi chc nng o.

Cc b phn chnh :

 Mn hin th kt qu o vi bn ch s v du phy ng.

 Nm xoay  chn chc nng v thang o.

 L cm dy o tng ng chc nng o.

4. Dao ng k in t

Cng dng :  quan st,  o lng cc
i lng in bin i,  v d nh cc dao
ng in.  y l mt cng c a nng
trong phng th nghim ph thng v trong
nghin cu khoa hc (Hnh 5).

Thng thng dao ng k in t c th
gip ta :

 Quan st  th ca U bin i trong
phm vi tn s rt rng (Hz n MHz)

 nh lng cc gi tr U,  I.

 Pht xung chun vi cc dng xung khc nhau (sin,
rng ca, vung).

 Quan st ng thi hai  th ca U1 ,  U2 khc nhau (nu
my c hai chm tia).

Cu to bn ngoi : Thng thng cc my c cc b phn
chnh nh sau :

 Mn hin th cc ng c trng cn quan st.

 Cc nm iu khin c bn :

Bt,  tt my ;   sng ti ;   hi t ( nt)  ca im sng
trn mn ;  

V tr cn bng ca im sng trn mn theo phng x
(nm ngang) v phng y (thng ng).

 khuch i (di,  ngn) ca di sng theo phng x,  y.

Tn s qut ca tia lectron theo x (c nt chnh th v nt
vi chnh).

C dng,  hay khng dng chc nng t ng qut tia
theo phng x.

 ng a tn hiu vo vi dy ni chuyn dng c bc
li kim loi  chng nhiu.

Hnh 5 Dao ng k in t.
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Cu to :

B phn ch yu l mt ng phng in t trong chn khng
vi cc bn cc lm lch tia lectron.  Trong ng phng in t c
cc b phn chnh sau :

Catt v si t  pht x lectron (Hnh 6).

Cc cc ant 1  v ant 2 c hiu in th cao so vi catt
 gia tc cho cc lectron v hi t thnh tia mnh.

Mn hunh quang s pht sng khi c lectron p vo.

Cc cp in cc x,  x '  v y,  y '   lm lch tia theo phng
x v y.  

Khi khng c hiu in th t vo cc bn cc x,  y th ch
c mt im sng chnh gia mn.  Khi c hiu in th t vo
bn cc cc x th im sng b lch tri hoc phi nhiu hay t
tu theo du v  ln ca hiu in th t vo.  Vi cc bn
cc y cng c hin tng lch ln hay xung tng t (Hnh 7).

c bit nu t vo cc bn cc x mt hiu in th xung
rng ca th s c mt vt sng ngang.

Hnh 6 ng phng in t.

Hnh 7Mn dao ng k.

Lch tri. Mn dao ng k ban u.  Lch phi.
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5. My pht dao ng

Cng dng :

My pht dao ng (cn gi l my pht
xung) l ngun in cng sut nh, c U bin i
tun hon theo thi gian gi l cc xung in.  

Thng thng cc my pht cho ra ba dng
tn hiu l xung hnh sin, xung rng ca v xung
vung.  Trong th nghim  lp 11 , ch cn dng
vi xung hnh sin v rng ca nh Hnh 9.

Cc nm iu chnh :

Trong my pht xung, thng c ba loi
nm iu chnh sau

 Dng xung :  rng ca, vung, sin, tam gic.

 Tn s xung (Hz).

 Bin  xung (V).

Ch  :  Khng gy on mch u ra
ca my !

6. Hp in tr mu

Cng dng :

 to cc in tr c gi tr cn thit vi 

chnh xc cao ti nm ch s c ngha.

Cu to :

Bn ngoi gm hai in cc v nm nm

xoay iu chnh gi tr in tr.

Bn trong gm nhiu in tr nh c  chnh xc cao c

lin kt mt cch thch hp vi cc nm iu chnh.

S dng :

V d mun c mt in tr l 1  204 ta cn xoay cc nm

v cc v tr nh sau :

 Nm x 1000 :  s 1

 Nm x 100 :  s 2

 Nm x 10 :  s 0

Hnh 8 My pht dao ng.

Hnh 9 Xung rng ca.

Hnh 10 Hp in tr mu.
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Nm x 1  :  s 4

Nm x 0,1  :  s 0

Ch  :  Khng  dng in thc chy qua ln hn dng in
nh mc ca hp in tr.

Hnh 11 Mch in trong hp in tr.
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Hng s in mi ca mt s cht

 t  c

h lc 2

PP
Cht kh hay hi

xi 1 ,00053
Khng kh 1 ,000567
Nit 1 ,00058
Hi nc 1 ,0126

Cht lng

Nit lng 1 ,445
Du ho 2,1
Nc 81 ,0

Cht rn

Parafin 2,0
Politilen 2,3
Cao su 2,3  5,0
bonit 2,7 3,0
S 5,5  6,5
Thu tinh thng 6,0 8,4
Giy (k thut in) 6,6 8,5
Mica 7,5
Gm ( lm t in) 28 30

in tr sut v h s nhit ca in tr ca mt s kim loi hay hp kim

Tn cht   8( 10 .m) 3 1( 10 K ) 

Bc 1 ,62 4,1
ng 1 ,69 4,3
Vng 2,0 4,0
Nhm 2,75 4,4
Vonfam 5,25 4,5
Km 5,9 3,5
St 9,68 6,5
Niken 10,0 5,0
Thic 11 ,5 4,3
Ch 19,0 4,2
Thu ngn 95,8 0,9
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Mt s hng s vt l c bn

Chit sut tuyt i ca mt s cht
(i  vi  nh  sng vng ca n natri)

Tc  nh sng trong chn khng 2,998.108m/s  3.108m/s

in tch nguyn t 191, 60.10 C

Khi lng (tnh) ca lectron 319,11 .10 kg

Khi lng (tnh) ca prtn 271, 67.10 kg

S Fa-ra-y C/kmol
79, 65.10

Cht kh  iu kin tiu chun
Hir 1 ,00014

xi 1 ,00027

Khng kh 1 ,00029

Nit 1 ,00030

Kh cacbonic 1 ,00045

Cht lng
Ru nguyn cht 1 ,30

Nc 1 ,33

Axit sunfuric 1 ,43

Glixerol 1 ,47

Benzen 1 ,50

Cacbon sunfua 1 ,63

Cht rn
Nc  (bng) 1 ,31

Thch anh ( nhit  nng chy) 1 ,46

Thu tinh thng 1 ,52

ng 1 ,56

Pha l 1 ,6 1 ,8

Kim cng 2,42
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Chng I

1 . 1 .  C ;  2.  C ;  3 .  8,6 C ;  4.  0,92.107 N.
2. 1 .  D ;  2.  C.

3. 1 .  B ;  2.  B ;  3 .  125.105 C ;  4.  4 500 V/m.  

5.  a)  36 000 V/m, hng v pha q2 ;  

b)  16 000 V/m, hng ra xa q1 .  

6.  a) V/m.  Phng ca vung

gc vi BC v hng ra pha xa trung im ca BC.

b) V/m.  Phng ca song song

vi BC.
7.  0.

4. 1 .  D ;  2.  D.  3.  0 ;  4.  200 V/m ;  5.  2,6 mm ;  6.  1  J ;  7.  127,5  V ;
8.  24.109 C.

6. 1 .  B ;  2.  A.  sai ;  B.  sai ;  C.  sai ;  D.  ng.

7. 1 .  D ;  2.  C ;  3 .  0,11  C ;  4.  a)  5,6 pF ;  b)  6 000 V.  

5.  100 V ;  6.  a)  50 V ;  b)  2.105 C ;  7.  5,46 pF.  

8.  a)  Cb = 5  F ;  qb = 5.105C.

b) = 10 V, q1 = 3.10
5 C ;

q2 = q3 = 2.105 C.

8. 1 .  C ;  2.  0,03  J ;  3 .  Nng lng b acquy tng ln 0,084 J ;
4. 0,01  J/m3.

Chng II

1 0. 1 .  C ;  2.  C ;  3 .  0,31 .1019.

1 1 . 1 .  C ;  2.  D.

1 2. 1. B ;  2.  D ;  3.  a) Qua n 2 ln hn ;  b) in tr n 1  ln hn ;
c) n 1  d chy ;  

4.  4 ;  5.  200 .

1 3. 1 .  B ;  2.  D ;  3 .  12,25  V ;  2,5  A.

2 3C C 5 ,U U V= =
1C

U

E3 345
10 0, 70.10

64
E

 
= 

E3 345 3
10 1, 2.10

64
E

 
= 

E

E

   v    s  b  t

h lc 3

PP
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1 4. 1 .  B ;  2.  C.  
3.  a)  Chiu t A n B ; A.

b) Cha ngun E1 ,  my thu E2 .  

c)  UAC = 7,6 V ;  UCB = 13,6 V.  

4.  a) ; .

b) ;  .

5.  Eb = 6 V ;  rb = 1 ,5   ;  6.  Eb = 7,5  V ;  rb = 4  ;  I = 1  A.

1 6. 1 .  C.

2.  Khng thay i.

Chng III

1 7. 1 .  C ;  2.  C ;  3 .  87 .

1 8. 1 .  C ;  2.  D.

1 9. 1 .  D ;  2.  B ;  3 .  2,47 A.  

21 . 1 .  A ;  2.  C.

22. 1 .  C ;  2.  B ;  3 .  B.

23. 1 .  B ;  2.  B ;  3 .  Tng 5.106 ln.

24. 1 .  D.

25. 1 .  B ;  2.  C.

Chng IV

26. 1 .  C ;  2.  A.  ng ;  B.  sai ;  C.  ng ;  D.  sai.

27. 1 .  D ;  2.  B.

28. 1 .  C ;  2.  B ;  3 .  khng ;  4.  0,08 T ;  5.  a)  ;  b)  30o.

29. 1 .  D ;  2.  B ;  3 .  2.106 T ;  4.  20 cm ;  5.  500 vng.

31 . 1 .  C ;  2.  4.106 N ;  3.  0,01  m ;  4.  5,64 A.

32. 1.  D ;  2.  C ;  3.  b) 0,64.1014 N ;  c) ;  4.  3,6.1012 N.

33. 1 .  B ;  2.  A ;  3.  a)  1 5.105 N.m b) 15.105 N.m ;  4.  0,1  T.

Chng V

34. 1 .  C.
35. 1 .  A :   t thin (hay gc t thin).

B :   t khuynh (hay gc t khuynh).

151, 4.10
P

f


=

1 2 2 1
AB

1 2

( )r r
U

r r

+
=

+

E E1 2

1 2

( )
I

r r


=

+

E E

2 1
AB

1 2

( )r r
U

r r


=

+

E

1 2

2
I

r r
=

+

E

1

3
I =
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C :   t thin dng.
D :   t khuynh m.

38. 1 .  C ;  2.  A ;  3.  D ;  4.  3 .10 7 Wb ;  5.   = 0o.  
6.  2.10 4 V.  

7.  a)  6.10 5 Wb ;  b)  1 ,5.10 4 V ;  c)  MQPNM.

39. 1 .  B ;  2.  0,5  mV ;  3.  0,22 A ;  4.  2,5  m/s.

40. 1 .  C.

41 . 1 .  B ;  2.  0,25.10 2 H ;  3.  a)  0,25  V ;  b)  0.

42. 1 .  D ;  2.  0,016 J.

Chng VI

44. 1 .  C ;  2.  A.  

3.  a)  gc l i'  = i = 45o tia l song song vi tia ti.

b)  Khong cch gia tia l v tia ti l d = 3,3  cm.  

4.  a)  nh cch bn song song 18  cm.  
b)  nh cch bn song song 18  cm.  A 'B'  = 2cm.  

5.  Mt thy y chu hnh nh cch mt nc l 60 cm.

45. 1 .  C ;  2.  B.  

3.  a)  D = 90o ;  b)  D = 7o42'.  

4.  a)  4,5  cm ;  b)  OA = 3,5  cm ;  c)  n'  = 1 ,28.

Chng VII

47. 1 .  C ;  2.  D ;  3 .  C.

4.  i = 90o ;  r = igh ;  r'  = A igh.

5.  a)  D = 47o10'  ;  b)  D'  = 60o.

6.  a)  i = 45o ;  r = 41 o48'  ;  r'  = 8o12'  ;  i'  = 8o42'  ;  D = 3o42'.

b)  i = 30o ;  r = 19o30'  ;  r'  = 55o30'  ; r"  = 4o30'  ;  i"  = 6o45'
(tia l i ra  mt BC) ;  Gc hp bi tia l v tia ti :
D = 81 o45'.

7. i = 51o ;  n = 1 ,55.

48. 1 .  B ;  2.  B ;  3 .  D ;  4.  D ;  5.  B ;  6.  A ;  7.  A ;  8.  A.  

9.  a)  nh tht,  d '  = 60 cm, k = 2,  A 'B'  = 4 cm.  

b)  nh o,  d '  = 20 cm, k = 2,  A 'B'  = 4cm.

10.  a)  Thu knh phn k.

b)  f = 25  cm,  D = 4 ip ;  c)  d '  =  1 5,4 cm,  nh o,  
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11 .  S  to nh AB  A1B1  A2B2

a) d'1 = 60 cm, d2 = a  d '1 = 20 cm, d '2 = 100 cm, 
A2B2 l nh o.

S phng i



nh A2B2 ngc chiu vi vt AB.

b)  nh tht,  cch h thu knh 17,6 cm.

cm  1 ,2 cm

12.  a)  nh o cch L2 l 7,1  cm.

b) L1 cch L2 l 25  cm.

50. 1 .  B ;  2.  A.

51 . 1 .  A ;  2.  C ;  3 .  a)  D = 2 ip ;  b)  d = 16,7 cm.

4.  a)  D = 1 ,5  ip ;  b)  D = 1 ,602 ip.

52. 1 .  D ;  2.  D ;  3 .  a)  G

= 2,5  ;  b)  kc = 3,5  ;  Gc = 3,5.  

4.   a)  5  cm  d    8,3  cm.

b) G
v
= 1 ,2 ; ;  .

53. 1 .  A ;  2.  D ;  3 .  G

= 75.  

4.  a)  0,4101  cm  d  0,4102 cm.  

b)  G

= 487,5.  

c)  

= 39.104 rad.

54. 1 .  A ;  2.  L = 124 cm ;  G

= 30.  

3.  a)  f1 = 60 cm ;  f2 = 2 cm ;  b)  0,6 cm.

4.  G  35,7.

c c 2G k= =v 6k =

25

3

10 20
; ' '

17 17
k A B=  = 

2 2 20A B = 2 2A B kAB=

' '
1 2

1 2

. 10
d d

k
d d

= = 

L2L1

cm
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Phn mt - in hc - in t hc

Chng I - in tch - in trng
1 . in  tch.  nh  lut Cu  - lng  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .6
2. Thuyt lectron.  

nh  lut bo ton  in  tch  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1 0
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5. Bi  tp v lc Cu - lng  v in  trng  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .25
6. Vt dn  v in  mi  trong  in  trng  .  .  .  .  .  .  .  .  .  .  .  .  .  .28
7. T in  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .32
8. Nng lng in  trng  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .38
9. Bi  tp v t  in  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .41

Bi c thm.  My sao chp 
quang hc (photocopy)  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .44
Tm tt chng I  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .45

Chng II - Dng in khng i
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