2. BAI TAP LUYEN TAP TONG HQP
Chuyén dé 1: TU TRUONG CUA DONG PIEN

1. Hai day dan thang song song dai vo han dat cach nhau d =8 cm trong khong khi. Dong dién chay trong hai
day 1a 1, =104, I, =20+ 4 va nguoc chiéu nhau. Tim cam tng tir tai:
a) O cach mdi day 4cm.
b) M cach mdi day Scm.
Bai giai
a) Cam ung tu tai O
- Cam ung tu do I, gay ra tai O:

B =2.10".1 =2.107. 10 =510°°7 BAB
n 0,04 I 2

- Cam ung tir do [, gdy ra tai O: EEceeee. SR @

B, :2.10'7.1—2 :2.10'7.ﬂ =10.10"°T
7 ,04

- Cam tUng tir tong hop tai O: B =B, +B, .

uug o uu

Vi B,,B, cing chidunén B =B, +B, =5.10"° +10.10"° =15.10"°T

b) Cam ung tir tai M

- Cam ung tu do I, gay ra tai M: B

B, 2107 22107 2% —410°7 B A5
7 0,05 M

- Cam ung tir do I, gdy ra tai M: ’,":,}E \“‘\

B, =2.10"12=2107. 2% =g 107 &b
7 0,05

uu uu

- Cam (g tir tong hop tai M: B =B, +B, .

Goi S lagochop boi B, va B, : =180 - 2«

Vi cosa :§2 a =36,87° = B =106,26°

Suy ra: B :\/Bl2 +B. +2B,B,.cos 8

=(4.107°)* +(8.10"%)* +2.4.10°.8.10*.cos 106, 26"

= B ~7,88.10°T



Vay: Cam tng tir tong hop tai M ¢6 d6 1én B ~7,88.10°T
2. Hai vong day tron ban kinh R =10 cm c6 tam trung nhau dit vuong géc nhau. Cuong do trong hai day
I, =1, =1 =\/2 4. Tim B tai tim O ciia hai vong day.
Bai giai
- Cam ung tir do mdi vong diy tron giy ra & tim vong day la:

B, =B, :2;1.10'7.% =2\27.10°°T

- Cam g tir tong hop tai O: B =B, + B,

Vi+ B, L B, nén B =B} +B?

= B =\(2v27.10°) +(2V27.10°°) =12,56.10°°T

+ B, =B, > a =(B,B,) =45"
Vay: Cam ung tur tai tdm O cua hai vong day la:

u (]}

B =12,56.10°T, o =(B, B,) =45"
3. Hai day din thing dai vo han dit song song trong khong khi cach nhau khoang d =6cm c¢6 cac dong
I, =14,1, =44 @i qua. Pinh vi tri nhiing diém c6 cam ung tir tong hop bang 0. Xét hai trudng hop:
a) I,, I, cung chiéu.
b) I, I, trai chiéu.
Bai giai
Ta c6: Nhitng diém co vecto cam tmg tir tong hop bang 0 thoa:
uB :uBu1 +UBU2 =0= 7§1 =- j?i

I L, 1
= B =B, 2107.-L=210".2= "L

1 no

o1

—=—>1r :4,1/'1

r

a) Truong hop 1,, I, cung chiéu: Bé ﬁ,i nguoc chiéu thi diém M phai nam trong doan nbi giira hai day
nén: 1, =4.(6-r,) @ 5r, =24
=1, =4,8cm va 1, =6- 4,8 =1,2cm .
Vay: Nhitng diém c6 cam Gng tir tong hop bang khong nam trén duong thing cach day 1:1,2 cm, day 2:
4,8 cm.

b) Truong hop 1,, I, trai chiéu: Bé B,, B, nguoc chiéu thi diém M phai nim ngoai doan ndi giita hai day. Vi

1, =41, nén M phai nam vé phia I;:



=1, =4.(rn-6)=3r, =24=>r, =8cm var, :%2 =2 cm

Vay: Nhiing diém c6 cam ung tir tong hop bang khong nam trén dudng thang cach day 1: 2 cm,

day 2: 8 cm.
4. Mot hinh thoi 1am bang diy din ddong chat, tiét
dién déu duge ndi voi mot nguén dién ¢ xa qua hai A
day dan dai nhu hinh vé.
a) Xac dinh cam tng tr B tai tdm O cua hinh thoi. C D
b) Xéc dinh hudéng cua j; néu nhanh ACB béng
d6ng, nhanh ADB bang nhom. . B

Bai giai

a) Cam ung tu B tai tdm O cua hinh thoi
uu (W]N) uuu
Taco: B, =B, +B,, , v6i:
uuu

+ B,, =0:vi nguon ¢ rat xa.

uu uu uu uu uu uu uu uu

+ B, =B, +B,+ B, +B, =(B, +B;) +(B, +U§4) =0

Vay: jl?uo =0
b) Hudng cua B néu nhénh ACB bang dong, nhanh ADB bang nhom.

Vi dién tro sudt ciia dong nho hon dién tré suat cia nhdm nén R, <R, . Do d6 dong dién qua day

ddng (day ACB) c6 cudng do 16n hon dong dién qua diy nhom (day ADB), tir d6 suy ra cam tng tir tong

hop tai O s€ c6 hudng tir phia sau ra phia trudec.
5. Hai thanh ray nam ngang, song song va cach nhau / =10 cm dat trong tir truong déu uB thang dung,
B =0,1T . Mot thanh kim loai dit trén ray vudng goéc véi ray. Noi ray v6i nguon dién E =12V, r =1 Q|
dién trd thanh kim loai, ray va day ndi R =5 Q. Tim lyc tir tac dung 1€n thanh kim loai.

Bai giai
- Cuong do dong dién chay qua thanh kim loai:

E _12
R+r 5+1

- Lyc tur tdc dung 1én thanh kim loai:

F =Bllsina =0,1.2.0,1 =0,02 N

Vay: Luc tu tdc dung Ién thanh kim loai l1a 0,02 N.



6. Mot khung day dan hinh vudng canh a =10 cm ¢6 ‘
n =200 vong ddy. Khung duoc treo thing dung dudi A A
mot dia can. Canh duéi cua khung ndim ngang trong

tur truong déu cia nam cham chir U va vudng goc voi S N

duong cam Gng nhu hinh veé.

Sau khi thiét 1ap can bang cho cac dia can, ngudi ta cho dong dién c6 cuong 46 I =0,54 qua khung. Biét
cam ung tir cia nam cham B =0,002 7. Hoi phai thém hay b6t & dia can bén kia mot khdi lugng bao nhiéu
dé can thang bang?

Bai giai

- Céc lyc tac dung vao khung day:

+ Trong luc ;? ctia khung day (hudng xubng).

+Luyc tir F tac dung vao canh dudi ctia khung (hudng 1én) va: F =B.(nl)l.sina

- Dé can thang bing thi phai b6t ¢ dia can bén kia mdt khdi lugong sao cho trong lugng cua no6 béng luc tir

F: P=F

Ba.ll _0,002.200.0,5.0,1

=2.10"ke =2
. 10 g=2g

< mg =Bnllsina= m=

Vay: Dé can thang bang phai bot ¢ dia can bén kia mot khdi lugng 2 g.
7. Mot ddy dan bang dong, khdi lwong riéng £, dién tich tiét dién thing S. Dy dwoc ubn thanh ba canh AB,
BC, CD ctia mot hinh vudng canh a. Khung ¢ thé quay quanh mot truc nim ngang OO’ di qua A, D va dit
trong mot tr truong déu j; thang dimg. Cho dong dién I di qua day, day bi léch, mat phang day hop véi
phuong thiang dimg mot goc @ . Tinh &
Bai giai
- Céc canh AB, BC, CD déu chiu tac dung cua trong luc va luc tu:

ol uug

Céc luc £, F, cung gia, ngugc chiéu, cung do 16n nén chiing tri¢t ti€éu nhau.

uu

Luc F, vudng goc v6i BC, c6 phuong nim ngang tao ra momen ddi véi truc quay AD:



M, =F,.LM - Bla(a.cos ) =Bla’.cosa

+ Trong luc ctia ba canh AB, BC, CD c6
phuong thang dimg huéng xubng lam cho
khung ¢6 xu hudng quay ngugc voi chiéu quay
do jVUZ gay ra.

- Momen cua céac trong luc:

M, =PAN +P.LR + P.DQ

a . . a . .
> M, =P.(§s1na+as1na +5s1na) =2Pa.sinx

- Piéu kién can bang ciia khung quay: M, =M,

< Bla’.cosa =2Pa.sina =2mga.sina

Bla Bla BI [
= o =arctan( )

= tana = = =
2mg 2pSag 2pSg 2pS8g

BI

Vay: Goc hop gitra mit phang ddy va phuong thang ding 1a « =arctan( )

2p58g

8. Cuon Helmholtz 1a dung cu tao ra tu

truong déu, gdbm hai vong day din cing ban 1 I

kinh r, dat d@)ng truc, cach nhau mgt khoang I P _
d trong chan khong. Cuong do dong dién

chay qua hai cudn diy cung chiéu, cung €—————=————= >
cuong do L.

a) Xac dinh cam Gng tir tai diém M trén hai vong day, cach trung diém O cua khoang cach giira hai vong day

mot doan X

X <—
2

b) Tim diéu kién dé cam tng tir khong phu thudc vao X khi X du nhé. Tinh gia tri ctia cam tng tir khi do.

- 2 r r
Ap dung cong thirc gan dang: (1+¢)" =1+ ne +M +..., khi £ <<1, trong bai lay dén &*.

(Trich “Tap chi Kvant — Nga”)
Bai giai
a) Xac dinh cadm ng tu tai diém M

uuu uu uu U uu

- Cam {mg tir tai M: B,, =B, +B, (B,,B, cing chiéu)



_ u,Ir ) uylr
Véi B = 5132 ’Bz 51372
20 +| = +x 21rF 4| =- x
u I’ 1 1
BMT 2 5 3/2 + 2 3/2 (1)
d
o+ E+x o+ 57
Vay: Cam tng tir tai diém M la:
2
_ Ml 1 1
BM - 2 P 3/2 2 3/2
2 2 d _
rH| —+x rH| - x
2
b) biéu kién dé B khong phu thudc *
- Bién d6i (1), ta duoc:
3/2 -3/2
I 2 2 2
g =t r2+T+x2+dx + r2+7- dx +x°
d2
-bat 7, =, [r +T ta duoc:
[ -3/2 -3/2
3 _ulr? { dx  x° L x?
Y= tots it
rO rO rO rO rO

- Ap dung gin dung, bién doi ta duoc:

2 [ 2 2
B:AUOI:;V 1+x_ 15614 _iz (2)
o 2| 4 7
2 . X 154 3 , 5,
- bé B khong phu thudc X, thi: a7 - g—Oz 7y _Zd
2
o P+l =24 4 =r

4
- Luc @0, thay vao (2) ta dugc: B zgﬂol

. 4
Vay: bé B khong phu thudc X thi d =r vakhi do B zgﬂol



9. Mot thanh manh tich dién déu véi dién tich tong cong Q (Q >0) dit trong mit phang thiang ding sao cho
mot dau tua trén buc tudng thing dung, dau kia tua trén san nam ngang. Thanh duoc dit trong tir trudng déu
j; ¢6 phuong nam ngang vudng goc voi thanh. Nguoi ta kéo dau dudi cta thanh ra xa tudng voi van tdc
khong d6i v. Tim Iyc tir tac dung 1én thanh & thoi diém thanh hop véi san mot goc @ .
Bai giai

Chon hé truc toa @ nhu hinh vé.

- Xét mot phan tir M trén thanh cach dau A mot

doan / c6 chiéu dai d/ va dién tich:

dl ‘
dq :QT (L 1a chidu dai thanh).

- Phan tr nay ¢ thot diém dang xét co van toc:

VM =Vx+Vy
1 L-1
v, —zv, v, = 3 v,

- Lyc tur tac dung Ién phén tir ndy theo hai phuong: dF, =v Bdg; dF, =v Bdq

- Lyc tur tac dung I1én thanh theo hai phuong:

L L L

L
FX_ :J’.dF; = vaqu :J'vagdl ZJ‘L_“VAQd[ :M
A g L ¢ L L 2

L

L L L
0 1 0 BvQ
Vi F. =|dF =|v.Bdg=pWBZdl = |—v,=dl =
4%y J va i afv-* L J L’

2

v :F_BVQ

- Mat khac: v, = =
tan o 2tan o

- Lyc tur tac dung 1én thanh khi thanh hgp v6i phuong ngang mot goc & :

F=JF+F = +[BVQ] _Bv0 ! 1+1:B?)Q
! 2 2 \(tane) 2sina

Vay: lyc tir tac dung 1én thanh & thoi diém thanh hop véi sin mot goc @ 1a:

BvQ

2tan @

10. Hai vong day dan gidng nhau c6 ban kinh R dugc dit song song c6 tryc tring nhau va hai tim O,, O,
cach nhau mot doan O,0, =a.
a) Cho R =10 cm, a =20 cm . Xac dinh cam {ng tir tai O, O, va tai trung diém O ciia 0,0, trong hai trudng

hop:

- Dong dién chay trén cac vong day c6 cudng do 1, =1, =34 va cing chiéu nhau.



- Dong dién chay trén cac vong day c6 cuong d6 1, =1, =54 va nguoc chiéu nhau.

b) Bay gio gia st dong dién chay trén cac ddy co cing cudng do I va cing chiéu. Mo ta cac bién thién kha di

r d Ca aeR Ar 13 4o ‘ , s a ae g A
theo ti sO — cua cdm Ung tir B tai mgt diem M bat ki trén doan 0,0, véi OM =x. Ti sd X phai o tri sO
bang bao nhiéu dé dam bao tir truong 1 déu (B c¢6 tri s6 gan nhu khong thay doi tai 1an can diém O)?

. . -1
Cho biét néu b 1a mot s6 nho thi (1+5b)" ~l+nb+ n(nT)b2 +
(Trich “Tap chi Luong tr” — Nga)
Bai giai
a) Cam tng tir tai O;, O, va tai trung diém O cta O,0,.
Ap dung cong thirc tinh cam tmg tir cia dong dién tron, nguyén i chong chét tir trudng, quy tac “Ndam tay

phai”, ta dugc:

- Truong hop cac dong dién chay trén cac vong day co cuong d6 1, =1, =34 va ciung chiéu nhau, ta cé:

wl| 1 R’
B(0) =B(0,) = ; E+(R2+a2)34
-7 -142
- B(OI)IB(OZ) :4.71’.10 .3 1_1 + 1(10 ) — %2,1.10-511
2 100 o'y #2107y
2 -152

B(O) :2'“51. R 471073 a0) - ~1,35.10°°T
Va , dt | . 10y )"

Ny R+ a0y + Z10)° 12 )

- Truong hop cac dong dién chay trén cac vong day c6 cuong d6 1, =1, =54 va ngugc chiéu nhau, ta co:

wul | 1 R?
B(O) =0 | —-
( l) 2 | R (R2+a2)3/2]
-7 =142
@3(01)24110 5 1_1_ (10 0T
2100 Jaoty +@10ty |
. wl| 1 R?
va B(0,) =5, Eﬁ]
47107, 1 10°")?
- B(Oz): JT. 0 5 _ - + - ’( O ) — = - 1’7.10-5]*
2 107 [0y +(2.107')]

Va B(0) =0 (vi UBI(O) va ;-32(0) nguogc chiéu nhau)



Vay: Cam tng tir tai O, O, va O trong hai truong hop lan luot 1a: Trudng hop hai dong dién cing chiéu
(B(O,)) =B(0,) ~2,1.107°T; B(0) ~1,35.107°T) ; nguoc chiéu

(B(O,) ~1,7.10°T; B(0,) ~-1,7.10°T; B(0) =0).

b) Trudng hop dong dién chay trén cc day c6 cing cudng do I va cing chiéu

- Vecto uBM ¢6 phuong 0,0, va ¢6 do 16n: B,, =B, +B, .

_ U,IR’ 1 N 1
2 [R2+(x- a!)zr/2 [R2+(x+a!)z]3

= BM B
- Céc trudng hop bién thién kha di:

Truong hop cac vong day rat gan nhau (hinh a): B ¢c6 mot cuc dai duy nhét tai O (x =0 : hai vong day
trung nhau; dong dién trong hai day la 2I).

Truong hop cac vong diy & xa nhau (hinh b): B ¢6 hai cuc dai tai lan can Oy, O, va mét cuc tiéu tai 1an
can O.

Truong hop trung gian (hinh ¢): Piém O 14 trung diém cta “phan ngang dudng cong B(x)” tai lan can

diém x =0 ; B bién thién theo X chi v&i bac 4 cua X, khi d6 c6 thé thoa man dicéu kién “déu” toi da cua B.
v a0 A A LA e £
bé tim ti sO R thoa man dicu kién do, ta thay:

-3/2

- _2 + 2
B, ~[R2+a2- 2ax+x2] ¥ ~‘1+%
R +a
\ 2, 2 21732 2ax +x° -3/2
Va B, ~[R +a” +2ax+x ] ~ 1t ——
R +a

. 2 . s A s - 3
Tai lan can di€ém O, X 1a nho nén ap dung cong thuce dé bai cho voi n =- 5 ta duogc:

1+5)%2 =1- 2p+ 207 4.
2 8
B —B+B —1-° -2ax + x° A5 S2ax+ x|
M 1 2 2 R2+a2 8 RZ +_a2
3[2ax+x2] 15[ 2ax+x2 ]
+]- | ——— | +—
2| R*+d’ 8| RP+d’
QBM ~2- ‘>3x_ ot }5a~'p ‘:x2+-'- ’“2+#[5a2-(1‘€3+a2)]+m
1 (R"+a”) (R +a°) (R* +a*)?



32 ‘
#2)2(4612 - R*) +... T d6, By khong phu thudc vao X (tir truong déu) khi

< B, ~2+
. (R* +a

44 - R* =0 = 2a =R, nghia 1a khi diém O cach tdm hai vong ddy mot khoang bang ban kinh vong day.
B

8 N\ kB N b

Hinh a Hinh b

Hinh ¢

11. Mot vong day hinh tron ban kinh R =10 ¢m , dudng kinh tiét dién day  =0,1 mm dugc dit nam
ngang trong mot tir truong déu cd cam tng tir B huéng thiang ding. Cho dong dién 7 =10 4 chay
qua vong day.
a) Tinh luc cang F dat 1én vong day do tac dung cua tir truong khi B =0,2 T
b) Vi gia tri ndo cta cam tng tir B thi vong day s& bi luc tir kéo dut? Cho biét gidi han bén cua day
1a 0, =2,3.10(N /' m?).
(Trich Pé thi chon doi tuyén du thi Olympic Quéc té - 1999)
Bai giai
a) Luc cang F dat 1én vong day do tac dung cua tur trudong
- Luc cang F tac dung 1én vong day
tuong tng voi luc tu uQ tac dung lén mot
phan tr vong diy, doan AB chiang han.
Xét doan day rat nho dl, luc tir tac dung
1én doan day d/ 1a: dO =IBdl ,

- Luec tur tdc dung lén c4 doan day AB la:
0=)do, = [d0cos 0 = [IBcos bl

V6i: [ =R6 nén dl =Rd6, do do:
/4

Q= [ IBRcosbdd =J2IRB =+/2.10.0,2.0,1 =0,283 N

-7/4
Vay: Luc cang F dat 1én vong diy do tac dung cua tir truong la £ =0 =0,283 N.

b) Gi4 tri cua cam tng tir B dé vong day bi luc tir kéo dut



/2

- Lyc tir tac dung 1én nira vong day ABC: F, = f IB,Rcosfdt) =2IRB,

-/2

ad’o,

xd®> _xd’o,

- Mat khac: F, =0,.25 =0,.2 1 = 2IRB, =
2 -45\2 8
ﬁ@zﬂdq:&MﬂO)lﬁw 18T
41R 4.10.0,1

Vay: Gia tri cia cam ung tir B dé vong day bi luc tir kéo dit 1a B =18 T,
12. Hai day din thang khong c6 tir tinh C* va
C céch dién v6i nhau va mang dong dién [
theo chiéu duong va chiéu am cua truc z.
Tiét dién cua day din (phan ké vach trén
hinh v€) dugc gidi han bdi cadc duong tron

duong kinh D trén mét xy, cac tam cach

D
hau —.
nhau =

Tiét dién ctia moi day co6 dién tich

% + é\/g J D* | dong dién trén mdi day dan phan b déu trén
tiét dién.
Xac dinh tir truong B(x;y) trong khong gian giira hai day dan.
(Trich Dé thi Olympic Quéc té, Na Uy — 1996).

Bai giai
- Vi mién giita hai day din khong c6 dong dién chay qua nén xem nhu c6 su chong chat cta hai
dong dién chay nguoc chiéu nhau c6 cuong do bang nhau. Vi thé tir trudng tai diém M trong
mién giita hai day dan 1a chong chét cua tir truong gdy boi hai dong dién thang dai vo han ngugc
chiéu nhau, tiét dién tron c6 truc di qua O, va O, (hinh v&).
- Ap dung dinh luat Ampe vé luu s6 cua vecto cam ung tu, ta duoc:

Y BAl= [B.dl

(©) &)



(B,.27O,M) =y, ;.;zole
T \/g 2
—+—|D
12 8
= B, =y, ]'Oi/j\{ ; * X
2| L3 | p2
12 8
B,, =- B;sin6; B,, =- B, cost
siné :L; cos =4
oM oM
B, =y, ]'02\?_4 ;B,, =B,sinf'; B,, =B, cos 0’
va 2 N3 D?
12 8
D y
sinf' = Y ;c0s¢9'=4
o,M o,M
, TRNTRT
- Cam Ung tr tong hop tai M: B =B+ B> = B=,/B; +B,
le Bx :le +BZx
— ].OL/A{ .0);‘/[4_‘“0 ].02\]/\_/[ .O);W ~0
2| T V3 2| T V3 p2
12 8 12 8
B =8, n, <O 4T, 10T 4
2£+—3D2 : 2£+—3D2 :
12 8 12 8
1 1
© B =6u,——= B =B, =6u,——F+——
Y 2 +33)D : "z +33)D
VA C» 1 - h M ,d,\lr B—6u 1 \hr th A r
ay: Cam wrng tu tong hop tat M c6 dd 1on Ao—(2ﬂ+3\/§)D va hudng theo truc y (vuéng goc

v6i 0,0,). Do 16n cam mg tir tong hop tai M khong phu thudc vao vi tri diém M va luén hudng

theo truc y nén do 1a tir truong déu.



