Bai tép chuyén nganh QHQP

V¥ W WL ITTNCH Y VL OOy
Dich tiéng anh chuyén nghanh khoa hoc
v nhién va ki thuat.
Dich cac bar giang trong chuong trinh
poc hi¢u mo cua hoc vién MIT, Yale.

im va dich tai liéu ph'uc vu cho sinh
1en lam semner, luan van.

Tai sao mo1 thir deu mién

nhi va chuyén nghiép 77?

Trao doi truc tuyén tai:
http://www.mientayvn.com/chat box li.html

Ban danh may nay chwa dwoc kiém tra.

Chuongl0
THE VA TRUONG

Bai tap 10.1

., OL oV 0 oV 0 1

W+ ==V - uyg,—+—(V. == —(V.A)=—=

UV + - VA — w8, = o (V.A)+ pee, e VA + - (V.A) - P
) O*A oV
PA-VL=V*A- e —V((V.A)Jr,uogo E] = 145J

Bai tap 10.2
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Ho

(@) w=1/2 [gOEZ e szdr.At.tl —d/c,x2d=ct, dod6E=0,B=0,vadodé[w(t)=0

Tai T,=(d+h)/c,ct,=d +h:

Mo A 1y N
E=— h-x)2,B== h—
5 (d+h-x)Z, - (d+h-x)9¥,

Do do: B2 =L E?, Vé[goE2+iszzgo(E2+ ! %EZJZZQOEZ

¢ Hy Ho&y C
Do:
1 ﬂgaz(dm) 2 sotiea’l @ (d+h—x)3 .
W(tz)ZE(ZEO) 4 !(d+h—x) dx(lw)= . - 2 d
_ g pta’l oh®
12
1 1 R R 1 . ,LlOlz )
b) S(x)=—(BxE)=——E?|-2x(%y) |=+—E*% =|£-2—(ct-
(b) S(x) /Uo( xE) r [ 2x( y)] e ac (ct—|x) %

(Déu cong doi voi x)0, nhu ¢ day). B0i vai |x)ct,S=0

Vi vay nang luvong trén mdt don vi thoi gian vao hop trong khodng thoi gian nay |&

dw _uePlo 2
—=P= da=—""——(ct—d)".
& P IS(d) da . (ct—d)

Cha y rang khong c6 nang lwong chay lén phiatrén, bdi vi S(d+h) =0

d+h)/c

(d+h)/c
(C) W:TPdt :M( J' (Ct_d)zz/loa2|a) (Ct_d)3 =,uoa2|a)h3
t 4c d/x 4c 3c 12¢

d/c

B&i vi 1/¢® = e, , k€t qua nay phu hop véi bai gidi cau a.

Bai tap 10.3
OA 1 q
2

E=-VVW-—=
ot Adreg,r

f. B=VxA=0
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Pay la tap hop céc thé ngd nghinh ddi véi dién tich diém g ding yén tai goc toa do. (Tat

nhién, v = 41 9 A=0 < lalya chon thang thudng). Hién nhiénp = gs°(r); J = 0.
TEy I

Bai tap 10.4

E=-VV - 22— A cos(kx- ot) §(~) = [Acos(eat) 5.

B =V A= 22 [ Asin(loc—at) | S Akcos(lx—at) 2

Do db6: VE=0,VvB=0

oB

VxE= 2%[Ap)cos(kx—a)t)} =—Awsin(kx—at) ZE: Ajwksin(kx—ot) 2,

Do do: VXE=—§
ot

VxB= —%[Abkcos(kx—wt)] = Ak’ sin(kx— at) 9,%: A’ sin(kx—at) §.

. ki E], .
Do d6 Vsz,uOgo% mién lajk? = e, —| hOAC ¢ =1/ uys, , [@ = ck]

ot
Bai tap 10.5
V':V—%:O— Lot ﬂ; A=A+Vi=- 1 q—;[r“+ _d gt [—izr“jzo
ot Are, v ) |Arey 1 Arg, 1 4re, r

Ham gauge nay chuyén cac thé ngd nghinh clia bai tap 10.3 thanh thé binh thudng cla
dién tich diém ding yén.

Bai tap 10.6

Vi du10.1:v.A=0;

oV

=0 ICa Coulomb va Lorentz)

Bai 10.3: vaA--—& V.(sz:—god?’(r);&:o | Khong céi néo|
Adre, r ot

Bai 10.4: V.A=O;%—\t/=0

Bai tap 10.7
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ov

Gidstt V.A= ,uogo (E)at VA + pyey— P = ¢- ham chua biét nao d6). Ching ta can chon

oV’

A4 sao cho A vaV (phuong trinh 10.7) tuan theo V.A = -6, —— -

ot ot? =~k

V.A + ,uoeo% =VA+VZA+ e, — v — UoEo—> A
Biéu thirc ndy s& bang khong néu chiing ta chon 4 thdéa man phuong trinh 1221 =—¢, qua

gia thuyét (va qua thuc) ching ta biét cach giai.

Chiing ta co thé tim gauge dé v' =0, chi bang cach chon ﬂ:det'. NGi chung, ching ta
0

khdng thé chon A = 0 - diéu ndy s& 1am cho B = 0. [Tim mdt ham gauge nhw thé chang

qua la biéu dién A bang -v, va chiing ta biét rang nhitng ham vector khong thé duoc

biéu dién theo gradient - khi chiing ngau nhién c6 curl bang khéng, con A khéc khéng.]

Bai tap 10.8
T quy tac tich:

v.(%) =%(V.J)+ J (v%), v'.(%} =%(V'.J)+ J (v'%).

Nhung : v%:v'% trong khi % =r-r' do do:

o) r- v 5 e ()

0J aJ
Nhung : vy Oy 9, _al. ot oyt dd, ot
ox oy oz o, ox ot oy ot oz’

ot lor ot lor ot lor

Vé. r:———, r:———’ r:___
OX C OX oy coy oz coz
. 0J
Do d6: va--lon Bdom @,0n) 180 gy
ot, ax ot, oy ot oz C o,
Twong tu: vy op 10 (V')
ot cot
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[S6 hang dau xuét hién khi ching ta lay vi phan theo r', va dung phuwong trinh lién tuc]
V(ij:l _1d) (v){) +i _@_lﬂ_(v'm) _V_i:_la_p_v(iJ
R) R| cat, R| ot cot R Rt RN
(Hai s6 hang con lai triét tiéu bdi vivk =-v'R). Do do:

Ho| O p (J ol 1 ¢p Mo I

VA= = [Edr— (V| = |dr | =g, —| —— [Edr |- 22 [~ da
47[[ )] (m} T} ”"g"at[ngojm i

S6 hang cudi & trén bé mat tai v cung, @ d6 J = O, vi vay nd bang khong. Do dé

oV
VA = —u,6,—.
Ho&o ot
Bai tap 10.9
(@) Nhu trong bai tap 10.2 v@i t(r /c,A =0; V@i t(r/c
Je' - k(t—~r2+2z*/c (ct)~r2 (ct)*r2
A(r,t):(ﬂijz ( )dz_ﬂ0 j e 1 I dz
47 ° r’+z° o Nrf+z2 C g

T r C

=(§_°k2j “n[m o }l (ct) —r®|. Vivay,

OA
E(r,t)=——
(r,t) p
2 2
ok o], | cty(ct) T r 1 1 2c% 1 2c%
=— 2(;[ z{In » +t > . F C+§—22 _Z_C—Zz
ct+.4/(ct) —r (ct) —r (ct) —r
_ MK )L O (ct) -r? Lo d
27 r \/(ct)z—rz \/(ct)z—
ct+ ctz— 9 , -
= ’2‘°k|n (r) ]2 (ho#c 0 voi t(r/c)
v/
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B(r,t) = —aa—pr‘l

E&_ t —/(ct)? =r2
k) {rZN/(ct)zrz T L ;
27 | | ct+ (ct)z—

re 2c ((:t)z—r2
I e e
r\/(ct) —r c\/(ct) —r? 27 ¢ (ct)*—r?2

— /’lok /(Ct)Z_rZ&
2rre

(b) A(r.t) ”0 j t wic) z nhung R=+r?+2%, vi vay biéu thirc dwdi dau tich phan

|a ham chan theo z:

A(r,t):(—’tjqo 2]2I4d§(t _;R/C) z
4 0

1 2 _ RAR
2\/9{2—I’2 \/ERZ—I’Z

VOi z=+R*’+Z*> = dz=

Vaz=0=R=r,z=0,= R=0, do do:

A(r,t)= AZ)% z_[—é(t—ﬁ]\/;};ﬂ
Voi §(t-R/c)=cs(R-ct) (vidu1.15); dodo A= ”Oq" 2 j diR Vi vay:
\/7
Moy 5 3 A .
A(r,t)= z (hoac 0 néu ct(r);
( ) 20 \/(Ct)z—rz
E(r,t)=—%=—”°—qoc(—1j 2t 5o HoC 2 (hodc 0 néu «r/c)
ot 2r 2 [(ct)z—rz} 27Z|:(Ct)2— 2
B(r.,t)= _a_AZ(/; ﬂ;qoc (_%) = 9= _ﬂOZqOCt 779 (hoje O néu t(r /)
z () =r?]" 2r|(ct)-r
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Bai tap 10.10

A= ”Oj—oud kj(t_wc)m:“ok{tjd—'—l dl}.
4 R 47 R C

Nhung d6i véi vong kin hoan toan [di =0 do d6 A= T { [di —J' di +2% } o]

day [ di =2ag (vong bén trong), [di =-2bx (vong bén ngodi), vi vay:
1 2

A=t o0 Lo iambray g = [A=Linprayz| o2 |- HKinpras
4z | a b 2 ot | 2x

Tl trvong thay doi cam (ng dién truong. Bdi vi ching ta chi biét A tai mot diém (tam),
chiing takhéng thé tinh vxA dé tim B.

Bai tap 10.11

Trong trwong hop nay p(r.t)=p(r,0) va J(r,t)=0, vi vay phwvong trinh 10.29 =

1 ¢ p(r.0)+p(r0)t, p(r.0).
E(r,t)—lmof[ e e 19T Nhung tr:t—% (phwong trinh

(10.18), vi vay
1 I[,o(r',o)+p(r',0)t+ p(r,0)@/c) p(r O)} e 1 Ip(r t)SRdT

Are, R N2 R dre,? R

Bai tap10.12
Trong phép gan dung nay, chang ta bd céc dao ham bac cao cla J, vi vay J(t,)=J(t) va

phuong trinh 10.31 tré thanh:

Mo g 03 D+ 2300 1) [xhaT =R i
B(r,t)—4ﬂjm2{\](r D+ -DIH+30 ,t)} ®dT nhung t —t - (phuong  trinh
10.18), vi vay

J- (I’ t)x
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Bai t4p10.13

Tai thoi diém t, dién tich & tai r(t)=a[cos(wt)X+sin(et)y], Vi vay
v(t)=wa[ -sin(wt)X+cos(wt)y]. Do d6, R =2z2-a[ cos(at, )X+sin(at,) ] va R* =7* +a*(tat
nhién) va s =JZ 2.

N

m.v=%(m.v):%{—wa2 [—sin(at, )cos(at, ) +sin(et, )cos(at, )]} 0 do do [1—&}:1.

C
Do do
1 q . gqoa . - N ) A
V(zt) = P A(zt) = —sin(at, )X+ cos(at, )Y, 0j da
Are, N7 + @ 47[80C2\/22+a2[ (et (1)) Y
. _t_\/zz+a2
r— C '

Bai tap 10.14
S6 hang du6i dau can bac hai trong phuong trinh (9.98) la

| =c*t?—2c’(r.v)+ (r.v)2+czr2+c“t2—v2r2+vzczt2
=(rv) + (=2 +c?(vt)’ —2c?(r.vt).18p vao vt=r - R?
(rv) +(c-v%) p
:(r.v)z+(cz—v2)r2+cz(r2+R2—2r.R)—202(r2—r.R):(r.v)z—r2v2+czR2
Nhuwng:

(rv)’ —rav? =((R+Vt).V)2—(R+Vt)2V2

= (RV)? + V% + 2(RV)V’t — RWV? — 2(RV)tv? —vt2Vv?
= (Rv)? - RV = R%’cos’d — RV* = —-RV* (1 cos’6)
=-RZ’sin’ @

Thanhra:
2
| =—R»?sin® 0+ c’R? = c°R? (1—\/—zsin2 9}
c

Do do:
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V(r 1) = — g . Qed
4re, Vo,
1- 5 sn0

Bai tap 10.15
Nhu da thdy, tlr diém cho trwdc, hat sé ding yén mai méa — lam né bién mat sé phai di

chuyén nhanh hon anh sang.

[Light rays in 4 r direction]

A person at point
« first sees the

particle when this point is reached
Le at z = -ct, or
t = ~a/e

Region below wavy line represents space-time
points from which the particle is invisible

Bai tap 10.16

Pau tiéntinh t, : t=t—|r=W(t)/c
= —c(t, —t) =x—b? +c%,* = c(t, —t)+x=4b* +c*,7;
1
0] K i
| w(t)
[ I —
2ct, (x—ct)+(x* - 2xct + ¢’t*) = b?;
2 _ 2
2ct, (x—ct) =b*—(x—ct)*, hodc t, D o(x=at)
2c(x—ct)
Béy gio :
1 qc N
V(xt) = , VaARc=R. v=R(Cc— =c(t—-t
0= e (o, VA e= T v=3i(c-v) M=c(t=t,)
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ol 1 o ¢t  c, (c-v)= c’t, +c(x—ct)-c’t,  c(x—ct)
2 prect? ot -t)+x ct+(x—ct)’ ot +(x—ct)  ct +(x—ct)’
SRC—R.V= C(t _t,.)C(X—Ct) = C2(t _tr)(X_Ct) ; Ctr + (X—Ct) = M+ (X—Ct) — M’
ct, +(x—ct) ct, +(x—ct) 2(x—ct) 2(x—ct)
(Lt - 2ct(x—ct)—b? +(x—ct)®> _ (x—ct)(x+ct)-b* (x*-c’t>-b?)
T 2c(x—ct) ©2c(x—ct)  2c(x—ct)
1 b® + (x—ct)? 1 2c(x—ct) _ b® + (x—ct)?
Re—RVv 2(x—ct) |c*(x—ct) [th(x—ct)—b2+(x—ct)2] c(x—ct)[th(x—ct)—bz+(x—ct)2]'
S6 hang trong ngoac vuodng don gian bang

(2ct + x—ct)(x—ct) —b? = (x+ct)(x—ct) —b* = x* — c*t* — b’

b? + (x— ct)2

Dodo: V(xt)= 47:50 —a0C )

Trong khi dy

_V.,. c’t, Vg b’ —(x—ct)> | 2(x—ct) q b? + (x—ct)? p
¢t +(x—ct)c? 2c(x—ct) |b*+(x—ct)? 4rg, (x—ct)(xX* —ct*-b?
1 q b? + (x—ct)? -

Are,C (Xx—ct)(X* —ct*-b?

Bai tap 10.17

T phuong trinh 10.33 ,c(t-t, ) =% = c*(t-t,)" =®* = %R . LAy vi phan theo t:

ot,
ot

9
R ow_ wadt, _ at; m( 8t]:_mvai

AL RV & 1-Zo .
o a ot ot et ot ot

262 (t ~1,)( iy

hoac  ci(

=r-w(t,), do do

; CR= r(ciR iRv)_ (i}{u)(phuong

trinh 10.64), vado d6 2 = X ged
ot Ru

V6i phuong trinh 10.40 ndi: A(r,t) :C—VZV(r,t) ,do do

oA 1(5\/\/ av] [avatwva_vj

ot c ot ot ot, ot ot
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:iz gt 1 a1 _qczg(i}{c—iﬁ.v)
c*| " ot dms, Ru - dzg, (Ru)” ot
1 gc| a ot Vv OR OR ov
= —|——"- Sl c———-v-R—||.
c” Arme, | Ru ot (*J%v) ot ot ot
Nhung :*J%:c(t—tr):a—mzc(l—%),m:r—w(t,) :a—mz—v% (nhv & trén) va
ot ot ot ot
v oo
ot ot ot ot
Bai tap 10.18
-4 ™ 5[ (2 -v?)u+9tx(uxa)|.& day v=vka=ak,va ddi voi cac diém & bén phai
dre, (ﬁ{u)
| . - s I
| wit ) o
R=%.Dodbé u=(c-v)k,uxa=0, va Ru=R(c-V). e

_ 2
=4:g ms(?_v)s(cz_vz)(c_v)f(:4:29 %(CJ}V)(C 3V) 2:4q iz[civj;(;
0 0 c—v) ey R\ C—V

B=19?{><E=o.qed
C

D6i voi cac diém truong bén trd, R=-% va u=—(c+v)% do d6 Ru=%R(c+v) va

__ 9 R
Arg, R(c+v)°

Bai tap 10.19

P
A s

R dx
1— 2/ 2\ ) dg=hde
( v°/C )J. R? [1—(V/C)28in2 (9]3/2

- 1 -
(® —V)(C+V)X=|— g —Z(CJFVJX;B:O.
drey RO\ Cc—V

(8)E-

4re,

Céc thanh phan ngang triét tiéu, thanh phan thdng ding clia R 1a sing (xem hinh v&). O
d

sin’ o

. 2 _
day d=Rsne do do %=M;szcot6’, dx = —d(~csc? 6)dé =

do;
R d?
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P (1—v2/cz)ﬂzjj sine 5>d0. Cho z=cos¢,do d6 sin*9=1-27"
4 0[1-(v/c)’sin® 6]

h 1
= Ared I 5 > - 5702
7, S[1-(vie) +(vIc)*Z |
A=)yl 1 7
4re,d (v/c) (212 -1 (v/c)? -1+ 2
ﬂ(l—VZ/CZ)C 1

2 A
drsd V-GV Jelvy 11

41 Zd_’Iy (Tuong tw nhw deong thang mang dién tich & trang thai nghi).
&,

+1

-1

(b) B Zc—lz(Vx E) d6i v6i mdi doan dq=Adx. Bdi vi v khdng dbi, n6 duoc dua ra ngoai tich

phéan va cong thirc tuong tu ding cho dién treong toan phan:

1 1 1 24, . 1 24, uy 2Av .,
—(VvxE)==vV —(XxY) = pgje N———2=-20"""—17
C2( ) c® 4ng, d (oY) = tofo 4re, d 4z d

B=

Nhung Av=1 do do B:Z‘_ozd_'(; (giong nhu ching ta nhan duoc trong tinh tlr, phuong
7T

trinh 5.36 vavi du 5.7)
Bai tap 10.20

w(t) = R cos(et) X+sin(et) ¥ |;
V(t) = Ro[ —sin(wt) X+ cos(at) ¥ ];
a(t) = —Rw?[ cos(wt) X+sin(wt)§ |- o’ (t);

R=-w(t);
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R=R
t =t—R/c;
R = —[cos(at, )X +sin(at,)9];
u=cR—V(t,) = —c[cos(at, )X +sin(at,) §]- @R[ -sin(wt, )X+ cos(at, ) J]
= —{[ccos(at,) - wRsin(at, )] X+[csin(at, ) + wRcos(at, )] ¥} ;
Rx(uxa)=(Ra)u-(Ru)aRa=-w.(-o'w)=o’R*;
Ru=R|[ccos’ (at,) - wRsin(at, ) cos(at, )+ csin’ (at, )+ wRsin(at, )cos(et, ) | = Rev? = (0R)*,

Do do6 (phuong trinh 10.65);

q R

2 2p2 2 _R
"4z, (Rc)3[u(C ~0°R)+u(wR) —a(Rc)}: q cu-ha

4re, (Rc)®

q 1 |-[c’cos(et,)-wResin(at,)]X—[csin(at,)+wRccos(at,)] ¥+
4zs, (Ro)® | R%w? cos(at, )X+ RPa’ (at,) ¥

N———

= 47(380 (R](;)z {[(Q)ZRZ _C2)COS(a)tr)+ a)Rcsin(a)tr)] )’Z+[(a)2R2 _Cz)Sin(COtr)—a)RCCOS(a)tr)} 9

1 1 202 A2\
:—RE 47?50 5% cos(a)t,){[(a) R°-c )sm(cot,)—a)Rccos(a)tr )]

~sin(at, )[(a)sz —c?)cos(at, ) + oResin(at, )J} i

_- 9L T GRecos’ (at,) - @Resin? (at, ) | 2= —

Ang, R°C?
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Chay rang B khong déi theo thoi gian.

Dé tim trudng tai tdm cla vong tron mang dién tich, cho q— 1(2zR); d6i véi vong nay dé

mang dong |, ching ta canl=Av=iwR do d6 A1=1/wR va vi thé
q— (1 /oR)(27R) =271/ w. V1 thé B= 27 15 hoic 1/ C% = gyt g=tol 5 tvong tw nhu
4rg, RC? ' 2R '

phuwong trinh 5.38 trong trvong hop z=0
Bai tdp 10.21

A(t)=2lsin(4/2)|, & day 0=¢-at.Vivay, thé vd huong (bi tré) tai tam Ia

2 Jyl8in| (¢p—at, )/ 2
V(O)--L[Za L] ofsin[(¢-at,) ]d¢
dre,” R 4re, o a
ﬂ/ 27 2’ 2z
=0 in(0/2)dg=—-|-2 012
Are, .([sn( ) 47[50[ 00s{ )} o
Ao A
= 2-(-2)|=—"%
47[6‘0[ ( )] g,

(Chay, tai t, co dinh, d¢g=de, vano di qua tron mdt vong tron clia ¢ hodc 4.)

Trong khi d6, I (¢.t)=Av = Aywalsin[(¢-wt)/2]|4., tir phuong trinh 10.19 (mdt 1an nita)

A(t):;l:—o %dllzf_ojoz,, ﬂowa‘sin[(¢a—a)tr)/2]‘¢?ad¢
T T

Nhung t =t-a/c lai 1a hang s6 khi ldy tich phan theo ¢, va

A

¢ =(—singX+cosgy).

:ﬂoj:oa’aj‘;”‘sin[w_wtr)/2]‘(—sin¢§(+cos¢§/)d¢.Lai d6i bién 6=¢-wt, va ldy tich
74

phantlr =0 dén =2z (vi vay ching ta khdng can quan tdm dén gia tri tuyét doi).

_ Hohowd

; ["sin(012)[~sin(6+ at, ) %+ cos(0+ at, ) §]d6.
74

Bay giv
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2z ) 1 2z
jo sm(6‘/2)sm(¢9+a)tr)d0:§jo [cos(6/2+at, )-cos(30/ 2+ at, ) |d6

2z

:%[ZSin(HIZJra)tr)—%sin(SH/2+a)tr )}

0

=sin(z+ot, )-sinaot, —%Sin(37z+a)tr)+%sina)tr
=-2snat, +Esina)t, =—ilsina)tr
3 3

2z . . 1c2r . -
[ sn(@/Z)sn(9+wtr)d0:§I0 [-sin(@/2+at,)+sin(30/ 2+ wt, ) [do

2r

= %{2005(6?/ 2+ o, )—%cos(S@/ 2+ at, )}

0

= cos( 7 + wt, ) —cos(at, ) —%cos(&r +ot, )+ %cos(a)tr )
2 4
=—2cos(at, )+ 3 cos(at, ) = 3 cos(at, )

Do

HoAoy@
3

{sin[o(t-alc)|x—cos[ w(t-alc)]F}.

A(t) :%(gj[sn(aﬁ, )X—cos(at,)¥]=
TT

Van dé 10.22
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POTENTIALS
L]

-1 &V
(v-B=zh 3

| | =valiate at the retanded
i f,

Bai tép chuyén nganh QHQP

N

Bai tap 10.23

Duing quy tic tich #5, phuong trinh 10.43 tré thanh
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-2

VA= Z—;qcv.v [(czt - r.v)2 +(c?=v?)(r? —cztz)}

_ ‘;ro—jzv.{—%[(czt - r.v)2 +(c?=v?)(r? —cztz)T/2 V[(czt - r.v)2 +(c?=v?)(r? —cztz)}

- —ﬂg—:jc[(czt—r.v)2 +(c?=v?)(r? —cztz)} v.{—Z(CZt— rv)V(rv)+(c? —VZ)V(rZ)}.

Quy tc tich #4 trd thanh

V(rv)=vx(Vxr)+(v.v)r, nhtng vxr =0,

(v.V)r = [Vx%JrVya%Jer %}(xfw W+ 2)=V,X+V, ¥+Vv,2=V, va

V(rz):v(r.r): 2rx(Vxr)+2(rv)r=2r do doé

Do do ;

VA = —'”g_qc[(czt - r.v)2 +(02 —vz)(r2 —cztz)rl2 v.[—z(czt - r.v)v+(c2 —v2)2r]
T

-3/2

- _‘Z—gc[(czt - r.v)2 +(c?=v?)(r? —cztz)} {(czt —rv)vi—(c? —vz)(r.v)}.
Nhung s6 hang trong ngodc nhon l& c®tv? —v? (r.v) —c?(r.v)+v? (r.v) =c* (vt -r.v).

_ ,quCS (Vzt—r.V)
8 [(czt—r.v)z+(cz—v2)(r2—czt2)}
Trong khi doé tv phwong trinh 10.42,

ov 1 1 2 2 2 g2 2N
U E—=—UE,—(QC(—— ct-riv)y +(cc—-v)(r-—ct X
Hobo == ~Ho ° de, ac( 2)[( )"+ ( ) )]

32"

9

" [(czt —r-v)?+(c?=VA)(r? —cztz)]
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— B (v (V) -] 22T )E (@ V)]

:_yoqc (Ct—r-v—Cct+ Vi _V. A

4T [(c-1-v)? +( ) (2 —ct) ]

Bai tap 10.24

q1q2 1 >
Fo X
(2) 4, (BP+ct)

(Bay la dinh luat Coulomb bdi vi g, déing yén.)

0

(b)|2 _ 4,9, J'w 1 dt = 4,9, {E —l(Ct b):l —

%% [ tan™ (o) —tan (o) |

Are, = (0 +Ct?) 4ne, 4re be
:&[1_(_1)}: 4% 7
4rebc| 2 2 4re, bc
() Tirbai tap (10.18), E-- % % Xi(;_“) . & day x va v dugc tinh tai thoi gian tré t,

242 ]2

b " cha y: nhe chiing ta da

la c(t—t ) =x(t)=+b*+c* = c’t*—2ctt +ct> =b*+c’* =

thdy trong bai tap 10.15, trwdc hét g, xuat hién (ddi véi q,) tai thoi diémt = 0). Trudc do,
N6 co thé khong téc dung luc 1én gy, vakhong cé thoi gian tré. Tir do thi t theo t, ching ta
thdy rang t chay tlr—w dén « khi t)0

2ct? —ct?+b*  b*+ct? 1 2ct c’t

X(t )=c(t-t )= = voi  t)0). v(t)==——=-— do dob
(t)=c(t-t) 2ct 2ct ( )0) (®) 2. 0% +c? X
ct’ - b2 2ct c’t’—b? .
( > j +C2t2j=c[czt s j(vmwo) Do do
v (ct?+b%)- (ct -b*) o w2, . q,  4t® b
2 2 22 22(V0|t>0)'E:_ 5 5.0\2 (22
c+v  (c?+b?)+(ct?-b?) 2c%* ¢t 47z, (2 +ct?) C1
t(0;
:}F = q 4b2 A
171 % _%, 1)0.

4z, (b2 + )
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(d)1, = oﬂqM j 4dt Tich phan bang
A4re (0% +ct?

2

T L
ct o[(b/c)2+t2}2 Tt 2p? (b/c +t2‘ o[b/C +t )} 220?20 ) ach®

(e)F, =F,, vi vay vi pham dinh luat 111 Newton. Mat khac, trong trvong hgp nay I, = -,
cho thdy rang dong luong toan phan dugc phan phat tir (1) sang (2) bang va ngwoc dau
vGi dong lvgng toan phan dwgc phan phat tir (2) sang (1), va vi thé dong lvong co hoc
toan phan duoc bao toan. (NGi chung, truong cé thé mang di mot dong lvong nao do, dé

lai dong lvong co hoc thay thé; nhung diéu dé khdng xay ra trong tredng hop hién tai.)

Bai tap 10.25
S=i(ExB);B =C—12(V><E) (phuong trinh 10.69)
Hy
Dod6: s= [Ex (vxE)]=&| E*v—-(VE)E].
HoC

Cong sudt qua mat phang 1a P = j Sda, va da=2zrdrx (xem hinh vé). Vi vay

P =¢,[(E*v—Ev)2zrdr; E, = Ecosd, Vi vy E*—E} =E*sin’0.

A

= 27,0 [ E?sin*ordr. Tir phuong trinh (10.68) E = g ziz R — 0 day
7 7 R 1-(vlc) sin" 0 |
7/ Z;
V1-v?/c? .
_ cosd

dH— ——

dr. By gi0 r=atand=dr=a
cosé? R «a

3

1 rsin®é
:272'800[4(:] J _2.[ )
o) TV R“[ —(v/c) sinze}

_v q° ijmz sin® @cosd
2" Ams, a *0 [1-(v/c)’sin?0)|

~do. Pat u=sin®g, vi vay du = 2sindcosddo.
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S Il - du = vq” () _ovd
167,a%y* 0[1_(0/(:)2 UT 167, y*

Bai tap 10.26

1 qg, -
F.(t)= .
(a) 12( ) 471'6‘0 (Ut)2 Z

(b) Tl phwong trinh 10.68, vOi #=180°,R=ut VA R =-2:

1 q1Q2(1_UZ/C2)A
- 5 Z.
47[80 (Ut)

Fo(t)=

Khong, n6 khong tuan theo dinh luét 11l Newton: F,, = F,,, boi vi thita s6 (1-0°/c¢?).
(c) Tu phuong trinh 8.29, p=¢,[(ExB)dr .V6i E=E,+E,, & ddy B=B, do
dé ExB=(E,xB,)+(E,xB,).

Nhung sau do, khi lay tich phan trén toan khéng gian, khéng phu thudc thoi gian. Ching

ta chi mu6n phan phu thudc thoi gian: p(t):goj(Elez)dr. Béy gi0 E, = 41

&,

%f,trong
khi do, tv phuong trinh (10.69), Bzzc—lz(vsz),vé tr phuwong trinh 10.68

E2 _ a, (1— 1)2 /Cz)
Ane, (1— 02?6 /c2)

R
o Nhung R=r—vt: R* =r? + %% - 2rout cosd;

. i , 1-v?/c? r—vt e < , . Y
sineer'FZ'Q.Do 46 E,=—2 ( ) ( ) cusi cung, chld y ring

e, [1— (vrsing/ C)ZTI2 R
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o, (1-v?/¢?) vrsing
4re,C? [Rz—(ursinelc)z}

vx(r—vt)=vxr =orsingg, ching ta dugc B, = —¢. Do do

q qz(l—uzlcz)u 1 rsinH(rx&)
Are, ArgC° Ir_z[Rz ~(or Siﬂ@/C)z]s/z '

p(t)=80

Nhung 7 x g =0 = —(cos cosgk + cosdsin gy —sing2), va c&c thanh phan x, y tich phan bang

khong, vi vay:
1-0v%/c%)z in?
p(t):ouqzu( UZ ) I - sn"0 : —5! sinodrdodg
(47¢)" 2 r[r2+(ut) —2rvtcosd—(vrsing/c) ]
_qau(l-v?/c?)2 rsin®e drdo
- 8rC’c 2 2 - o
0 [r +(ot) —2rutcos€—(ursn6/c)}

Chiing tasg lay tich phan theo r truéc. Theo cac bang CRC

T ~ 2(bx+2a) w:_ 2 {L_ﬁ}
0 a+bx+cx) (4ac—b*)Va+bx+cx’ i 4ac-b?*[Jo +a
2 (2\/5—b) 2
=————(b-2 —(2 b|.
x/E(4ac—b2)( \/7) x/_(Z\/7 b)(2J70+b) \/E( Yac+ )
Trong treong hop ndy x=r, a=(vt)’, b=—-2vtcosd, va c=1-(v/c)’sin?g. Vi vay tich phan
theo r bang
2 _ 1
\/1—(ulc)zsin2H[Zz)t\/l—(ulc)zsinz6’—ZUtCOSHJ ut\/l—(u/c)zsinz9[\/1—(u/c)zsin29—COSHJ
[\/1— (v/c)’sin®6 + cos@} 1 oSO
= = 1+ .
ut\/l—(u/c)2 sin®@[1-(v/c)*sin*0—cos’ 6 | vtsin®0(1-(v/c)?) \/1—(u/c)2 sin?6

Do do :
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Qa0 (1-0v%/c?)2 ” cosé .
) At T e e
0 v?/c? os'” \/1—(u/c) sin’ég
__9%? jsnede —j cosfsing gl
 8rcisyt \/C/z) —sin’@

Nhung :[singdo=2. Trong tich phan tht hai, dat u=coss, do db
0

V4 - 1
du=—sinadg: [ 2030 g u du=0 (Biéu thérc du6i dau tich phan

0\/(C/U)Z—Siﬂ29 —1\/(0/0)2—1+u2

1&, vakhoang thi chan)

Két luan: p(t):%‘ﬂtqzi (cong mot sd hang khong doi theo thoi gian).
JT

(d)
2.2
F +F. = 1 qqu"_ 1 qlq?(l_u /0)2: 4% 1_1+U_2 5_ 4% izﬂoqﬂ:bz
PR Age, 02T Ane v’ 4re t? c? 4re,Ct° 4rt®
0 0 0 0

d q
di) ;14-07?_122 F12 + I:21 qed

B&i vi g; dirng yén, g, di chuyén vai van tdc khong doi, phai cé6 mot luc kKhac ( Fren ) tac
dung Ién ching, dé can bang F, +F,,; nhitng gi chlng ta phai tim |a F=dpey/dt, didu do c6
nghta la xung luc dugc truyén cho hé bdi lvc ngoai chuyén thanh dong lvong cua trwong.
[Mu6n hi€u thém vé bai tap nay, hdy xem J.J.G.Scannio,Am.J.phys.43,258(1795).]
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Chuong 11
BUC XA
Bai tap 11.1:

TU phwong trinh 11.17, A :—ﬂo—powlsin[a)(t—r /c)}(cos@?—sin@é), do do:
ar r

VA = HoP® { Z [r lsm[co t-r/c) }cose} 1 ¢ { sin elsm[a) —r/c)ﬂ}
Az (r?or| r rsing oo
o 2singcosd _.
- ﬂo47: {r (sm[a) —r/c]——cos[a) —r/c)]jcose—z—,esn[a)(t—r/c)]}

r’sin
= ﬂogo{z‘f (rizsin[a)(t—r /c)]+r—a;cos[a)(t—r /c)]jcose}.

0

Trong khi do, tvv phwong trinh 11.12

ﬂzw{_w_zcos[w(t-r/c)]-$s'n[w(t—r/ C)]}

. Amef ) c do d6 v.A:_ﬂogO%_\t’. ged
P, @ . ®
:_47(;«90 {r—zsm[a)(t—r/c)]+r—ccos[a)(t—r/c)]}cose.
Bai tap 11.2
. _ @ Pyt N )
A4 V(r,t)= A7
Phuvong trinh  11.14 (rt)=- pr— )] phwong trinh 11.17
1 Py . | L .
A(r,t)=— 4 sm[ (t-ric)].| Bay gio P, xf = p,Sin@ ¢ va
7T
Fx(poxT) = posing(F x¢)=—p,sin0, do do phuong trinh 11.18:
po@” Tx(PoxF) .
E(r,t)= Zﬂ rO cos[ m(t-r/c)]. PT 11.19:

2 2 4 ~\2
_ M@ (poxr) _ 5 gy = Ho®@ (poxr) o
B(r,t)= P cos[a)(t r/c)}PhU’CYng trinh 11.21: (S) P .

Bai tap 11.3:
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P=1’R=qj0’sin*(ot)R (phuong trinh 11.15) = (P)z%qngR. Can bang phuong trinh

242 _4 2 2
11.22 : L porro Bl g sl hoic boi vi
2 127c 67C
_ 2rcC
ﬂ/ )
1, o ud?4r’c? 2 dy 2 . a(dY . o(d) 2
S0 R = Sl —§E(47r><10 )(3x10°%) —| =807%| = | @=7896(d/2) Q.

Trong day radio thuwong, vOoi d=5x10?m va 1=10°m,R=790(5x10°)* =2x10°Q, khdng
dang keé so vai dién tr¢é Ohm.

Bai tap 11.4:

Bang nguyén ly chdng chét, ta co thé cong thé clia hai ludng cwc. Trwdc hét, biu dién V

(phwong trinh11.14) trong toa dd D& cac:V (x.y,zt)=- Po® ( z Jsin[a)(t—r/c)].

Arec\ X +y? + 2
Do la lwdng cuc dao dong doc theo truc z. Boi voi ludng cwc dao dong doc theo truc x
hodc y, ching ta chi can thay d6i z bang x hodc y. Trong truong hop dang xét

p =P, [ cos(at)X+cos(awt-z/2)y], Vi vay ludng cuc dao dong doc theo truc y bi tré mot

goc pha 7/2: sin[w(t-r/c)] > sin[e(t-r/c)-x/2]=-cos|w(t-r/c)] (chi can dat

B p,® { X . y
V=- — 2gn[w(t_rlc)]—ﬁcos[a)(t—r/C)]}
ot—wt-z12). Vithé NS .X Ty nrye
_ P Sn9{005¢sin[m(t—r/C)]—Sin¢cos[a)(t—l’/0)]}.

dreC 1

_ L P (. . .
Tuong tu: A-= —ﬁ{sn[w(t—r /c)]|%—cos| w(t-r /c):|y}.

Chiing ta c6 thé tim dugc trudng bang cach 18y vi phan nhiing thé nay, nhung toi thich
lam viéc voi phuong trinh 11.18 va 11.19 bang nguyén |i chdong chat. Boi vi

2=cosdf —sinfh, va cosd=z/r, phwong trinh 1118 cd thé viét Ia

2
E :%cos[a)(t—r /c)](z—?zfj. Do dd, trong treong hop lwdng cuc quay
T
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E=%":‘)2{cos[m(t—r /c)](f(—?xfj+sin[a)(t—r /c)](f/—lf)}

r

1.
B=—(rxE).
L xe)
S:i(ExB):i[Ex(fxE)]:i[Ezf—(E.f)E]:E—zf (chG y rdng Ef=0). Bay gio:
Ho HoC HoC HoC
2\2
EZ:[%] {a?cos’[w(t—r/c)]+b*sin*[ w(t—r/c)]+2(ab)sin[w(t-r /c)]cos[ w(t-r/c)]},
T
¢ day: a=x-(x/r)i va b=y—(y/r)i. Cha y rang %r=x va yr=y, ta co
2 X2 2
a2:1+r—2—2r—2:1—r—2,

= [%j {[1-;(_] cos[o(t-r1/c)] {1-?’_22}%2 Co(t—r/c)]
2N sinfo(t-r/c)Jeoso(tr /c)]}

_ (%":’2] {1—%(% cos’[ (t—r/c)]+2xysin[w(t-r/c)]cos[ w(t—r/c)]+y*sin’[(t-r/c)]

_ [,Uo P’

2 y%(xcos[a)(t ~r/c)|+y[o(t-r /C)])Z
4rr r

Nhung x=rsindcosg va y=rsinésing.

E2— (—”ﬁf}j {1—sin2 0(cosgcos| w(t—r/c)]+singsin[ o(t-r /C)])}

_ (ﬂo P’

At T{1_(Si'r]6’cos[“’(t—lr/c)—(/ﬂ)z}.
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1- smecos -rlc) }A.
( 4rr } { [a) ¢])

a-2(a2) )

2
P=j<s>.da=ﬂ( Py j j%@-%gnmjrzgneded(/ﬁ

c\ 4xnr r
2 2 4
:,uopoz Isnedg__jsn ede IquO (2_14) ;uopo
167z°c 8rzc 23 6rzc

Giatri nay bang hai 1an cong suat duoc phat ra bdi hai lwéng cuc dao dong (phwong trinh
11.22). Noi chung
1

S= ,Ll (ExB)

= [ x(B,+B,) ]_—[ B,)+(E,xB,)+(E,xB,)+(E,xB,)]|=S,+S,+crossterms Tt
Mo

Trong trudng hop cu thé nay, céc truedng cla 1 va 2 [éch pha nhau 90°, vi vay céc s6 hang
chéo ciing tién t¢i khong khi ldy trung binh theo thoi gian, va cdng suat toan phan bic xa
rachinh labang t6ng clia hai cong suét riéng biét.

Bai tap 11.5:

. N ) oMy (sing )\ [1 . ~
Quay lai phuong trinh 11.33: A =%(Tj{Fcos[a)(t—r /C)]—%sm[a)(t—r /c)]}¢.

Bai vi & day V = 0:

E__O0A _ _ﬂ(ﬂj{i(_w)gn[a;(t— r /c)]—%a)cos[a)(t— r /C)}}(}

ot 4r r r
. ind\[1_ ;
:%[%){?Sn[w(t —r /C)]+%cos[a)(t —r /c)]}¢
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1

0 . ~ 10 ~
rsineﬁ(p}” sing)f ——E(r@) 0

r

tmy ] 1 2sinfdcosd| 1 o i
- Zﬂ {rsine : {Fcos[a)(t—r/c)]—zsn[a)(t—r/c)ﬂr

_éne{

B=VxA-=

r r C

—izcos[a)(t —r /c)]+r—a;sin[a)(t ~r/c)] —%(—QJ cos| w(t-r /c)ﬂ 67}

UMy, [2cosé| 1 @ r
-4 (200 Lt )] Lan{ o -1

r

. 2
—ﬁ{—%cos[a)(t—r/c)]+r—a;sin[a)(t—r/c)}+(%j cos[a)(t—r/c)]}é}
Pay dung la nhitng trvdng ma chung ta da nghién ctu trong ba tap 9.33, voi

2
A— Y \sector Pointing 1a

47cC

2 3/ 2 ~
_ KM@ (sn@j{ZcosHKl_ ¢ 2jsinucosu+£(cos2u—sin2u)}@

167°c? | r? r 2 wr

w*r
. 2 ¢ c : .
snf|| -+ —— ~(cos’u-sin’u) |7 ¢,
r o’ c or

Lmw* sin HA
3272 r?

f,|twong ty nhe phuong trinh 11.39.

O day: u=-w(t-r/c).Cudng dd laj(s) =

Bai tap 11.6:

b4 4
HP D 1 hoie: w—%

21141 2 4
IR =12Rcos? (a)t):><P>——I R_”Om)“’ Ko D 'ga’ , do d6 |R=£"
127¢? 127c 6c

u,rb* 167°c* 8 b)* 8 _ 4 4
=eZ =§7f5ﬂ00(ﬂ =§(n5)(4ﬂx107)(3><108)(b//1) =3.08x10°(b/ 2)* Q

BGi vi: bu 4...(b=5cm va 1=10°’m), R=3x10°(5x10°)" = 2x102Q,
Bai tap 11.7:
VO a=90°, PT: 768 =E =cB,B =-E/c, q,=-cq, = m,=q,d=-cq.d=-cp,. Do do :

E-ZC{_ﬂo(_%/C)wz(gnejcos[a) r/c}¢} HoTh (Smejcos[a) —r/c)](/ﬁ

47cC r 4rcC r
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1 uo(—nb/C)wz(sinﬁ] eV d __ﬂo%wz(ﬂj Criené i
B = c{ = : cos| w(t-r/c)| 6= o cos| w(t-r/c)| 6. Nhiing

cai nay gidng nhu cac trwong cua luéng cuc Ampe (phuong trinh 11.36 va 11.37), n6 phu
hop véi kinh nghiém thong thwdng ctia ching ta rang hai mé hinh tao ra cac trwdng giéng
nhau ngoai trir ngay tai lwdng cuc (khéng lién quan & day, bdi vi ching ta & trong vung
blrc xa).

Bai tap 11.8:

p(t) = p[ cos(at)X+sin(wt)y ] = p(t) =—ap, | cos(at)X+sin(wt)y |

" 2 4,2 2 2 2 4 . . ﬂop§w4 sin?6 .
=[B(t)] =o' p}[ cos’(at)+sin’(wt) = pie’.PT 11.59 cho ching ta S= i

(Diéu nay khong phu hop voi bai gidi cia 11.4). Nguyén nhan la trong phwong trinh
11.59, céc truc cwc nam doc theo hudng clia p(t,); khi ludng cuc quay, cac truc cling

quay. Vi thé goc ¢ & day khdng gidng nhu trong bai tap 11.4.). Trong khi dd, phuong

2 4
trinh 11.60 cho chiing ta P:%. (Didu ndy phu hop véi bai tap 11.4, bdi vi bay gid
T

chang taldy tich phan trén tat cd cac gbc, va huéng cua truc cwc khdng lién quan).
Bai tap 11.9:
Tai t = 0, momen lwdng cuc cua vong la
2z 2z
po= [ Ardl = [(4sing)(bsingy +bcosg X odg =/10b2(9j sin® gdg+ % | sin¢cos¢d¢j
0 0
= b (7§ + 0X) = 7b* 4.y .

Khi n6 quay (nguoc chiéu kim dong hd) p(t)= p, | cos(at)y-sin(et)X],do d6 p=-»’p va

444 42
(p)’ = @*pZ.Thanh ra (phuong trinh 11.60) P :%w‘*(ﬂbz%)z :%_

Bai tap 11.10:
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p=—ey,y= % gt?, do dé: p= —% get®y; p=-gey. Do do (phuong trinh 11.60): P = %(ge)z.
T

Bay gi0, khoang thoi gian nd mét dé gidam qua khoang céach h:%gtz = t=4/2h/g, Vi vay

2
nang lvgng bic xa qua khoang cach h la u =Pt=“°é—gce)1/2h/g. Trong khi do, thé
7T

2.2 2
nang bi mat la U, =mgh.Vi vay ti s6 la O N B S )
U 67C g mgh [6zmc\ h

pot

 (47x107)(16x107)’ ((2)(9.8) _Z76x107]

~ 67(9.11x107)(3x10°) | (0.02)
Tat nhién, hau nhu tat ca nang lwgng chuyén thanh dong nang (nhu t6i da gia thuyét khi
. 1 .,
noi y==gt®).
y=5at")

Bai tap 11.11

_ cosd, | .
(a)V+=+4?:gwc( r —]sn[a)(t—n/c):'.
0 +

Vi, =V, +V ., =\/r2+(d/2)2$2r(d/2)c059 =rJ1¥(d/r)cosd = r(li%cosej.

F 2
cosé, = rcosé?+(d/ ) =r (coseiijl(liicosej = cosé?iicos2 911
1.1 d - r, 2r)r 2r 2r 2r
r_:F 1J_rEcose . _d g
* - cosHTr—(l— cos? 9) = cosOF—sin?é.
2r 2r
sin[a)(t—n/c)]:sin ® t—L(Eicos&j =sin(wt0iw—dcos¢9) 0} day:
- c 2r 2C
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. od . (ad . wd
t,=t—r/c.=sin(wt,)cos| —cos@ |+cos(awt,)sin| ——cosé |=sin(wt,)+——cosd cos(awt,).
2c 2c 2c
Vv

7P (1+icosej(coseiisi n’ ej[sin(a)to)J_rw—dcosecos(a)to)}
- 47rgocr 2 2r 2d
d ) : od
= c056?+—sm @+—cos’ @ || sin(wt, )+ —cosd cos(wt,)
47zgocr 2r 2d

+I

cos@sin(at, +—dcos 2 0 cos(at, )+ d (cosze—sinze)sin(a)to)}.
4;zgocr 2c 2r

V,, = 47rgocr wcd cos’ O cos(at, ) + ?(cosze—sinz H)Sin(a)to)}
:_;:Tog—a(;i{coszHcos(a)to)+§(cosza—sinze)sin(a)to)}.

Trong vung bic xa, ru w/c, s6 hang thi hai

2
Vo= 4?::(; cos’ dcos| w(t-r/c)].
Trong khi do:
P 5
A, :Jrﬁsm[a)(t—ri Ic))z
— 1%—poa){(1iicosej [g n(a)to) + a)—dCOSH COS(a)tO):|} z
47y 2r 2c

_ o . d d : A
= +%{sn(aﬁo)iaz)—ccosacos(a)to)iEcosesm(a)to)} z

A :A++A ILlOpO

wd d . N

ot ot { . cosd cos( wt, )+?cosesn(a)to)}z
w’d c . .
——%cose{cos(a}to)+Esm(a)to)}z.

2
Trong viing biic xa, A = —#oPe@d

o cosé cos[a)(t —r/ c)] 7.

2 2
(b) D& don gian ki hiéu, dit o =-2P? 9 Thathi v =05 ?

47 r

cos| w(t-r/c)];
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VV = aa—VA 32—99_ cosze{—izcos[a)(t—r/c)]+ﬂsin[a)(t—r/c)]}?
T | ' (trong vUing birc xa)
+ w os[w(t-r/c)|0= ac;;co? esm[a) (t-ric)]f
Az%cor—secos w(t—r/c)](cos@f—sin@é).
%——%@sn a)(t—r/c)](cos@f—siné’é).
ot c r
E——V—a—Az—%sm o(t —r/c)](coszaF—coszahsiné’coseé)
ot cr

__ce 0 0 t— / 9
- sinécos sm[a) r c)]

_vux AL 9 Ay A |-
B=V A_r{ar(r%) 89%

_1{66 (cosécos| w(t-r /C)](_gne))_%{cosz Hcos[a)(t—r /C)ﬂ}é

cr r

:%(—sinecose)%sin[w(t—r/c)]é (trong vung btic xa) = —C—rsnecosesn[a) (t-ric)]g.
ChU y rang: B_l(er) aEf=0.
1 1 o 1 ~ ~ E? .
S=—(ExB)=—Ex(fxE)=—| E¥ —(Ef)E |=—
,Uo( ) HoC ( ) ﬂoc[ ( ) ] HoC
2
—i{a—smecosesm[a) —r/c)]} F.
HoC
2
| = 1 (—smecose]
2/4,C
2 2
P=| <s>.da=i(%j [ sinzecoszesinededqﬁ:i(%) 27 (1-cos’ 0)cos’ 9singde.  Tich
HC\ C 2u,c\ C 0
. 3 pnl* 5 n|”
phan bing _cos 9| +cos 9| :g_g:i.
, 5], 35 15
1 o u 2 40 4 Uy
= d 2 = d
" 2uc & 167 167 (Pod) @' 2730 =g ()
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Cha'y rang né cé dang «° , trong khi birc xa lwdng cuc c6 dang «*

Bai tap 11.12:
O day V = 0 (bdi vi vong khéng mang dién), va dong dién chi phu thudc vao t (cht
A s e, < A ~ X < N U |(t—SR/C) ,
khong phai vi tri), vi vay thé vector tré (phuong trinh 11.52) la A(r,t) :4—0&le :
T )

Nhung trong trudng hop nay, chwa di dé thay % bang r @ mau s6 - no s& tré thanh
phuong trinh 11.54, va vi thé A = 0 (bdi vi p = 0). Thay vi vay, dung phuong trinh

(11.30): %;%(u?sinecosﬁj.ﬂong khi do dI':bd¢'g3:b(—sin¢'§<+cos¢'§/)d¢' va

| (t-R/c)=1(t-r/c+(b/c)sindcosg ) =1 (t,+(b/c)sinfcosg )= I (t,)+ I'(to)%siné’cosﬁ

(mang tét ca cac sd hang sang bac nhét theo b). Nhw moi khi t,=t—r/c. (Tl bay gio, toi

S8 bo gia thuyét: I, I', tat c& déu duoc tinh tai t,). Thé thi

Art)=e [

70

[1+Esinecos¢'j(l + I'Esinecos¢'jb(—sin¢§<+cos¢'9)d¢'
r c
u b . . b : A A\
;—I | +1=sin@cosg +1 =sindcosg’ |(—singX+cosgy)dg.
4rr v, c r

Nhung fs’n¢'d¢' :fcos¢'d¢' = fsingzﬁ' cosgdg =0, trong khi fcosz pdg =n

b, b b . } 1b* . ( r -jA
= | —sn@+1—-snd |= snd| | +—1|y.
47[I’(7[y)l: Cc Cc 4r? c y

NGi chung (ttrc 12 ndi chung d6i véi cac diém khong phai & trén mat phang xz) ¥ — 4;

hon nita, trong vung bic xa, ching ta khéng quan tam dén cac s6 hang cé dang 1/r?, do

do A(r,t):ﬂZ—Ez[l’(t—rlc)]ﬁ&
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()~ e £ (o ¢) Y,

8t 4c
1 0 . ~ ~
B(r’t):VXAzrsinH%(A’jgne)r_FE(rA“’)e
2 3 N 2 N
:ﬂ{ _I lZs'né?cosé?f—ll"( 1) m%?} He |£‘99.
4c | rsn@r r (o 4c? r
1 1 (up?..sn@),; -~ = 28N .
S =—(ExB)= iy x 0 bl .
yo(x)yo(% r}((é )160( ) 7
Y7, sin’é y 4\  u,r 2
P =J‘S.da=ﬁ(b2 ) ——rfsingdodg = ¢ (b2 V(2 )(éj i~ (0%1")
_
6rc?

(Chl y rdng: m=17b?, = izb?)
Bai tap 11.13:

2,2
(a) Pz%, vathoi gian dé n6 dén trang thai ding yén |a t=u,/a, vi vay ning lvong
7T

duwoc bic xaralau,, =Pt= “060' o o Pong nang ban dau lay,, = ;mug. Vi vay ti s6 blrc
7TC a

xa la f zﬁzﬂza_
' U, 37moc

n

2 2 2
(b) d=tarr=2a% - % dod6 a=o. Thé thi
2 2 a° 2a 2d
_ . 2
o VR o, (47x107)(1.6x10™)"(10°)

- — —-10
= 3rmu,c 2d ~ 6rmed 6”(9-11><10731)(3x108)(3x10*9) =2x10

Vi vay birc xa bi mat do va cham trong day binh thuong c6 thé bo qua.

1 q v 1
F= M=M= o= . Tai luc bat dau (r, _05A)
4re, 1 r 47150 mr

. (1610 Tl s
C | 47(885x10"2)(9.11x10%)(5x101) | 3x10° T

SVTH: Bau Thi Ha - Lop 48B-Ly 33 thanhlam1910_2006@yahoo.com


mailto:thanhlam1910_2006@yahoo.com

Bai tap chuyén nganh QHQP
Vakhi ban kinh bang mot phan mot tram clia v/c nay chi I6n hon mudi 1an (0.075), vi
vay trén toan bo doan duwong, van téc khong twong ddi tinh.

2/, 2\? 2 2 \?
Tir cong thirc Larmor, p=49[ V7] _ A9 [ 1 9 | (haivi a=0?/r), va P=—du/d,
6rCc\ r 67C \ 4ze, mr

& day U la nang lvgng toan phan cula electron:

2 2 2
ol 1o 1o Do do:
dre, 1 dre, 1 8rg, I

2
U=U, +U, :%mf-41 Q_:%[
zg, T

2 2 2 \? 2 )2
W rgd p a1 a ) e s oqay Yo 1 _d
dt 8re, r° dt 67¢,C” \ 4me, mr

2

2
dt = —3(:[ Zﬂgomcj r2dr
q

2 2
— t= _30(272‘:_%”“] Ir:rzdr _ C(Zﬂ;‘gmcj s
27(8.85x10%)(9.11x10**)(3x10°)

(16x107)

_(3><108){

](5x1011)3 =1.3x10 s (....)

Bai tap 11.15;

i a2
Theo phwong trinh 11.74, cuc dai xuét hién tai d L‘QS =0. Do do:
dé| (1- Bcosh)

2sindcosg  5sin’@(psind)
(1-8 cos@)5 (1-8 cos@)6

= 2co0sf(1- BcosP)=54sin*0 =58 (1— cos’ 9); 2c0s0 -2 cos’ @ =58 -5 cos’ 6, hodc

—24./ 2
36 cos’ & +2cosf—-56=0. cosd = 2% :,;GOﬂ =é(i\/1+15,82—1).

Ching ta mubn dau cong, bdi vi 6,—-90° (cosg,=0) Trong khi g—0 (hinh

2
11.12)10,.. - cosl(—vlﬂsﬁ_l}

M 3ﬂ
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PGi vbi v~c,B~1; Viet p=1-¢ (6 day :cu 1), vakhai trién s6 hang bac nhét theoe:
1+156°-1| 1 R o)
[ + }3(1_8)[ 1+15(1-¢) 1}3(1*8)[’/1*15(1 26)-1]
1 1 1 15 .
=§(1+5)[\/16—3Og—l]=5(1+5)[41/1—(155/8)—1J=§(1+5){4[1—E5j—1} Hién

=l(1+ 8)(3—E8j =(1+ 5)(1—55) ;1+g—§g =1—18.
3 4 4 4 4

. . 1 1 1 y
nhién ¢ ~0, do do cosé, ., zl—Eeriax =1—Zg = 02, =3¢ hodc 0., =Vel/2=/(1-5)/2.
. dP/dQ|b,, in2 . N N
pat  f= ( %), | sin®6,, _| . Bay giv sn’0_=e/2, VA
(dP/dQ|6,) . | (1-Bcosb,,) r

11 L Veq (1. 1.5 cLe_ &l 4y 1 _
(1- Bcosb,, ) =1-(1 5)(1 45)_1 (l & 48) 25 Do do : f (58/4)5(5] A Nhung:

1 1 1 1

_ 1 _ ~ 1
” J1-5° \/1—(1—5)2 - \/1—(1—25) J2e 2y°

, ANE] s 1(8Y
Dodd f=|=| =(2%) ==| = | y*=2.62/°.
(sj (2r°) 4(5% 4

Bai tap 11.16:

dP q2 S)A?x(UXa)‘Z

Phwong  trinh 1172 cho ching ta =— -
dQ 1677, (ERU)

bat

B=vic.u=cR-v=CcR-0vZ = Ru :c—u(if{.i):c—ucosQ:c(l—ﬁ’cose);

au = ac(i.i}{)—au(ki) =acsingcosg; u* =uu=c’- ZCU(SR.Z)H)Z =c”+ v’ — 2cv cosé.
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Fx(uxa) =(Ra) P —2(ua)(Ra)(Jtu)+(Fu) &
=(¢ +1° —2wcost)(asindaosg)’ —2(acsindcosg)(asindcosg)(c—voosd) +ac” (1- foost)’
—a| (1~ Boust) +(sn* oo’ 9)(¢*+v” - 2000080~ 207+ 200 080)) |
~&C| (1~ Boust)’ —(1- ) (sinocosg)’ |
P e 2| (1~ pooso) ~(1-7)sir? eooszﬂ

dQ 167%c (1-poost)’
Cong suat toan phan dwoc birc xa theo tat ca cac huéng la

e [1 S cos6)’ (1—,82)sin290032¢}
167 c” (1- pcosd)’

j Q= j— sin6dodg = singdodg. Nhung

27[d . N 2 > d B
jo ¢=2r vaj0 cos? gdg = 7

_ g ”T [2(1—,80059)2 ~(1-p?)sin’ 9}

= 5 3 singde.
167°c 3 (1- Bcosb)

Pat @ =(1-pBcosd). Thé thi (1-@)/p=cosd; sinzez[ﬂz—(l—w)z}/ﬁz, va mau sb tre

2077 - (1_; )(ﬂz 1+20-o°)= %[szﬂz +(1-p) —2(1- )7+ (1—,82)}

- 2 e )|

thanh

dw = fsinodo = sin9d9=%dw. Trong khi: =1, a=(1-p):

(14

O=rn,@=(1+p).P= ﬂoqa L

1 2 2 2 e A N
167c 47, [(1 B2) —2(1-p*)a +(1+ ) }dw. Tich phan 1a

SVTH: Bau Thi Ha - Lop 48B-Ly 36 thanhlam1910_2006@yahoo.com


mailto:thanhlam1910_2006@yahoo.com

Bai tap chuyén nganh QHQP

Int =(1—52)2j%dm—2(1—ﬂz)j%dw+(1+ﬁ2)j$dw

I S )

1+ 4

1-p

i 1 _(1—2ﬂ+ﬂ2)—(1+2ﬂ+ﬂ2)__ 48

o2 » - (1+ﬂ)2 (1_ﬂ)2 - (1+ﬂ)2 (l—ﬂ)z - (1—/5’2)2'

I 1 _(1—3,B+3ﬁ'2—ﬂs)—(1+3ﬂ+3ﬂ2+ﬂ3)__2ﬂ(3+,6’2)

i » - (1+,3)3 (1—,5)3 - (1+,3)3(1—ﬂ)3 - (1—ﬂ2)3 .
A 1 _(1—4ﬂ+6,6’2—4,B3+,B4)—(1+4ﬁ+6,82+4ﬂ3+ﬂ4)__8/3(1+ﬁ)2
i » - (1+,8)4 (l—ﬂ)4 - (1+,B)4 (1—,3)4 - (l—ﬂ2)4 .

Int=(1- %) (%j[_?lLﬂt)ﬂf} -2(1-p° )(%){%] +(1+ 2 )(%j{ (1:26)2

__2F [(1+ﬂ2)—§(3+ﬁ2)+(1+ﬁ2)}=g £ 2

N—

(1-p7) (1-5°)
P— :quza-2 iﬁ ﬂa _ ﬂoq2a274
~ 16zc B° 3(1- ﬂz)z ~ 6rc &
day: y= :
1- 52

Cé nay co phi hop voi cong thic Lienard khong (phwong trinh 11.73)? O day
vxa=va(zxX)=vay do do az—(%xaj =(1—,32)a2=i2a2, vi vay cong thtc Lienard cho
y

2,6 52

Ay a_
6rc y°

chingta P=

Bai tédp 11.17:
(@) BEé trung hoa phan (ng birc xa (phwong trinh 11.80) ban phai tdc dung mot luc

2
Fe:—%a Cho chuyén dong tron: r(t) = R[ cos(wt)% +sin(wt)y], DGi voi chuyén dong
T

tron, V(t) =T = Rw[ -sin(at)X+cos(wt) |; a(t) = V =—Re?| cos(at) X +sin(at)y | = -or;
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2 2
a=-0 =-w’v. do do: |F, =Ml ey, P=F.v Sl X HPCNES Pay la cong suat ban phai cung

67C 6rC
cap.
2,2
Trong khi d6, cobng sudt blc xa (phwong trinh 11.70) P, :%, va
7T
2
a’ = 0'r’ = 'R’ = 0*?, do do: P, =%a)202, vahai biéu thic phu hop.
T
(b) Doi voi chuyén dong diéu hoa don,

r(t)=Acos(wt)z; v=f=-Awsin(at)Z, a=Vv=-Aw’cos(at)z=-0’; a=-0 =-w’v. Vi vay

2 2
F = szv; P = Ma)zu2 . Nhung lan nay a’=o0'’=0"Acos’ (a)t), 0 day:
67C 67C

2 2
w’v* =w'Asin’*(wt), do do R, = PR i cos’(at) = F, :ﬂa)“Azsinz(a)t);
67C 67C

Cong suat ma ban cung cdp khong bang cong suét birc xa. Tuy nhién bai vi trung binh
theo thoi gian clia sin?(wt) va cos’(wt) bang nhau (d8u bang %), trén tron mdt vong, nang
lvong blrc xa ra giong nhw nang lwong dau vao. (trong khi ay, hién nhién nang luvong

dwoc lwu trir tam thoi trong cac truong bén canh)

(c) Trong roi tw do, v(t) =%gt2§/; v=gty; a=0. Do do:

2
F.=0;| Phan (ing bic xa bang khong, va vi thé [P, =0.. Nhung cd bic xa: [P, =—g°qc g*
7T

Hién nhién, ning lvong dwoc 18y ra lién tuc tir cac truong bén canh. Nghich Ii nay van
con trong nghiém chinh xac (¢ day ching ta khong gia st v ¢, nhu trong cdng thirc
Larmor va cong thirc Abraham-Lorentz)

Bai tap 11.18:

(@) y=w?r, va r=6x10*s (d6i voi cac electron). y @ (nghiala U 1/w)? Néu o @

trong vung quang hoc, o =2zv = 2;;(5><1014) =3x10"; 1/ & =(1/3)x10"° =3x10"°, n6 1&n hon
nhiéu so v&i 7, vi vy su tit dan thuc sw nho.

SVTH: Bau Thi Ha - Lop 48B-Ly 38 thanhlam1910_2006@yahoo.com


mailto:thanhlam1910_2006@yahoo.com

Bai tap chuyén nganh QHQP
(b) Bai tap 9.24 cho ching ta Aco;yza)ozr=[27z(7><1015)]2(6><10’24)=1><101° rad/s. B@i vi

chang ta 6 trong vung w, ~ 4x10*rad /s, d6 rong cla vung tan xa di thuwong rat hep.

Bai tap 11.19:

(@a=ra+ = 9 F j@dt_r%dt —det.
m dt d m dt dt

[v(t,+e)-v(t,—¢) |=7[a(t, +&)-a(t,—¢) ]+ F... 0 0y F,. & luc trung binh trong

khoang thoi gian. Nhwng o lién tuc, vi vy mién 1a F khong phai 1a ham delta, khi ¢ -0,

ching tacon lai [a(t,+¢)-a(t,—¢) |=0. Vi thé a cling lién tuc.

(b)(i) a=ra= [da_da_ 1y da 1jdt Ina——+constant = |a(t)=Ae",| & day
dt dt z'
A 13 hang s6
(i) azrarr BB P _d 1y :>In(a—F/m):£+constant
m dt m a-F/m T
F 2 A \ A v ~ s \ 7
a-_Ber o a(t)=E+ Be'",| & day B la mdt hang s6 khac nao do.
m

(iii) Tuong tv (i) |a(t)=Ce'",| & day C lahang sd thi ba.

(c)Tait=0,A=F/m+B; Tait=T, F/m+Be"" =Ce'" = C=(F/m)e"" +B.Do do:

[(F/m)+B]e", t<0
a(t){[(F/m)+Be" |, O0<t<T;
[(F/m)e™ +B]e", t=T.

Dé triét tiéu su chay trat duong trong vung (iii), ching tacan B=—(F /m)e™"; dé tranh su
tang toc sém trong vung (i), chiing tacan B = - (F/m). Hién nhién chling ta khdng thé lam

ca hai cung Iuc.

SVTH: Bau Thi Ha - Lop 48B-Ly 39 thanhlam1910_2006@yahoo.com


mailto:thanhlam1910_2006@yahoo.com

Bai tap chuyén nganh QHQP

(dd Néu ching ta chon triet tiéu sy chay trat duwong, thi

F/m[l ’T”]e“’, t<O;
a(t)= (F/m)[l—e(”)”], 0<t<T;
0, t>T.

0) u:(F/m)[l—e’T”Me“Tdt:(Fr/m)[l—e’”f]e“f+D, & day D la hang s6 dwoc xéac dinh

bdi diéu kién v(-»)=0 = D=0.

(i) v=(F /m)[l—re(”)”}+ E, & day E lahang s6 dwoc xéac dinh bai diéu kién:

(i) o la mot hiang s6 gigi han bai tinh lién tuc cla o lic t = T
(Fr/m)[l e”’]e"’, t<0

u=(F/m)[T+r—r] (F/m)TU = F/m[t+r el ] O0<t<T,;
(F/m)T, t>T.

uncharged particle:
(N radization rewction)

o bl ) /
F el

T — charged partiche

| {with radiation reaction)

sreaceeleration

(e) = - i

guit)

-::l::-u'gv.fi particle

uncharged particle

bd

Bai tap 11.20:
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. 2)° ,
(@ Trong phuwong trinh 11.80, F e :%a, do do
T/
o |1 (1) | ped
F =FMt+2F0 =200 3 —+2(—] o2 a
6zc | 2 4 )| 67C

L% N
(b) F, :12%# { j 2/1dy2}2/1dy1. Cho tich phan y, chay dén y, dé ddm baordang y,>y,, vi
0(oO0

vay ching ta khdng tinh cung mot cap hai lan. Ngoai ra, cho ca hai tich phan chay tr 0

dn L - tinh ha lan c¢6 chdt y - va chia k& qua cho 2)
2

(4/12)L =t (qLya=£d 4
2 b6rc 67C

a
I:rad #— I yldyl

127z 12

Bai tap 11.21:

(@) Pay la ludng cuc dién dao dong, véi dd I6n p,=qd vatan s6 o=+k/m. Vector

Pointing (tinh trung binh) dwgc cho béi phuong trinh 11.21: (S) :[”0 Poc2 jsn O , Vi vay

327%c r2
N e A A A e L ra ~ [ ppPie* \sin®6coso
cOng suat trén mot don vi dién tich cua san nhala |, =(S).z= 3?2 °2C = . Nhuwng
T
sinH:B,cosﬁzh, var?=R*+h’

r r

_ 1, °d’e” R’h
3272_2C ( h2 )5/2

dl d R? 2R 5 R
R :‘ﬁ{mlO:’(Rz+hz>5f2‘z<Rz+hzyf22R°

(R2+h2)—gR2:0:> hZ:gRZ — [R=+273n| cho cuting do t6i da.

_ _ (o) 0t )t R ) e
(b) P_jlf(R)da_jlf(R)zyszR_zﬁ( 0327[2(: hJ;(R2+h2)5,2dR. Pat x=R?"
[t e I 2
| 5’2 2°(x+h2)5’2 “2h r(5/2) 3h
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_272_ /uOd izluodzafl’
327%c )3h 24rcC

SE bang mot nira cong sudt birc xa toan phan (phwong trinh 11.22) — tat nhién gia cham
san nha
(c) Bién do la x,(t), vivay U :%kxé la ndng long tai thoi diém t va dU/dt = - 2P la cong

- , 1,.d
suat blc xa: =k— =
T2 dt (X") 127rcq % =

d )
%)=- ﬂgjkg( 6)=—k¢ = x; =d’e™  hodc

2_12zkc , _12zemt’

327%c ) r

t)= d 7kt/2. =t
XO( ) © o k /quzk2 i :quzk
Bai tap 11.22:
R o | sin? 0. R
(@ Trong phuong trinh 11.39, <S>:(”°m’ ] - . O day smH_ =JR*+h*, va

cong suat bic xa toan phan (phuong trinh 11.40) la P= ’ioznbc Vi vay cuong do la
v

I(R)_(lzpj R 3P R
82 (Re41?) 87 (R4p?)

(b) Cuwdng dd bén dudi Ang ten (R = 0) & bang 0. Céc KT su s& do né tai vi tri cwong

3 ..d 3P| 2R 2R 3P 2R o o ooy -
do cuc dai : ﬁ&fLRZmZ)Z (o] 2R}8ﬂ—(Rz+h2)3(R +h’-2R*)=0 =
3P h 3P

Tai vi tri nay cuong do la 1 (h = .
Y J (h)= 8r (2h2) 327h?

3(35x10°
( - )=0.026W/m2:2.6y\N/cm2. ( 6, KRUD ¢ trong tinh thuan) .

(C) Imax :W

Bai tap 11.23:

(8) m(t)=M cosy z+M siny [ cos(at)X+sin(at)y |. Nhu trong bai tap 11.4, cong sudt birc xa

<& 16n hon hai lan cdng suét bl xa cla lwéng cuc tr dao ddong véi moment lwdng cuc co
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2 4 12
d6 16n m, =M siny. Do d6 (tham khao phuong trinh 11.40): p =M 6‘0;“ Y (Ngoai ra,
T

chuiing ta cé thé nhan dwoc diéu nay tir bai giai cla bai tap 11.12).

(b) Tw phwong trinh 586 v6i r—-R m—>M, va 0=ri2: B=2M 4o do6:
TT

E’

4R 47(6.4x10°) (5x10°°)

M - =1.3x10% An?.
Ho 47 x10
47 %107 )(1.3x10%) sin?(11° 4 . .
@ p-! J(1.3-107) sin’| )( 2 j _ 4x10°W (khong nhidu).
67r(3><108) 24x60x 60
/10(47rRsB/,uo)2 o'sn’y  gr 2 . L. . .
(d) P= / = ——(»’R°Bsiny)". Dung gia tri trung binh cla sin*y
6rC 3u,C
8 27\ ‘1
bang 1/2, P= z . ( ”sj (10*)°(20°) | = =2x10%W. (nhidu)
3(471'><1077)(3><108) 10 ?
Bai tap 11.24:

i (K(L) w2 K)oz K[ )
A(xt) =—j da= '[ 27zrdr = j
4z’ R Az ¥ r? + x? 2 r?+x°

bdi cong thirc t—~r?+x*/c=0; r_ =~ct*—x* (vi K(t) = 0 khi t(0).

KoZ m
r :/1020 [r2 42

rdr. Cuc dai r dwoc cho

i _ H4KZ
(i) AC =725

:,LJOKOZ( 2_ 2 ):ﬂoKo(Ct_x)z
2 2 '

T S re—X —X
2 r2+ %2 0
KCr ax: s e
E(x,t):—%:—ﬂo—ocz, d6i vai ctyx vao, di véi ct(x
ot 2

B(x,t):vXA:_%&y:%y, @i voi  oyx  va 0, d6i VoI cix
X

ﬂoairm(t_\/erer/C) waz o 1%
A(xt)= rdr = tI dr——J'rdr
2 3 r’+x° 2 70 Jrigex? Co
~ ~ 2
:ﬂO_aZ|:t(Ct_X)_i(Czt2 _Xz)} :/JO_OZZ(XZ —2ctx + CZtZ)ZMQ
2 2c 4 4c
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). axe e
E(xt)=—22 _ H2(X=) 5 4 v ctyx va0 ddi V6i ct(x
ot 2

B(xt)=VxA =_%9 —~#5% (x-ct)g, d6i Vi ctx Va0 dBi VG ci(x

r

< 1 . 1 1 1 N
(b) bat uE—(\/r2+x2—x), do do6 du [ 2rdr} —dr va
2\r?+ % 2

C X

2 2 Z7
t_\/r + X =t—§—u,vékhi r :0— o, u:0—o0. Thé thi A(x,t)=_'u°TCZIK(t—§—u]du.qed.
c c 0 ¢

E(x,t):—%: ﬂOCZr 0 K[x———ujdu Nhung gK(t———u]:iK(t——— ]
ot 2 0ot c ot c ou c

_ HhC zj 0 K(x—z—ujdu:ﬂ—oci K(X—E—uj
2 0 4du (o 2 c

_ _”700 K(t-x/c)z, [néu K (-x)=0]

°° :—%‘)C[K(t—x/c)—K(—oo)]i

0

Chay rang (i) va(ii) pht hop véi két qua nay. Trong khi do

B(x,t):_%g/= HoC yIO aK(t—z—ujdu Nhung —K[t———uj:%a%K(t_g_u)

OX OX (o

Ho o[ O X Ho o X
=——y| —K|t——-u|du=——Yy|K|t——-u
2on ou ( c ] Zy{ ( c ﬂ

=%K(t—x/c)§/, [Néu K (-e0)=0]

o0

=22[K(t-x/c)-K(=)]§

0

S:ﬂio(ExB):ﬂio(%’cj(%jK(t—x/c)[—i <9]= 5K (t-x/c)]'x

Pay la cong suét trén mot don vi dién tich dat dén x tai thoi diém t; n6 roi khoi bé mat tai

thoi diém (t-x/c). Hon nita, mot luong nang luong twong dwong blic xa xudng phia
duwéi, vi vay cong suat toan phan thoat khdi bé mat tai thoi diémt la %‘)C[K(t)]z.

Bai tap 11.25:
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o , 1 q . 1 40 . ucq’ .
t)=2qz(t);p=20Z; F=mz=— —— Z2=— =— p=-22"—=.. Dun
P(t)=202(t): =29 4z, (22)° Are, Amz® 167mz? . J

phuong trinh 11.60, cdng suat birc xa la

4

.. 2 3
P— Mo P _ Mo | _ ,Uoczq3 _ ,ancaq6 _ /v‘ocq2 1 _
6zc 6zc| 8rmz 6(47[)3 mz 4r 6m?z*

Bai tap 11.26:

V@i a=90° phwong trinh 7.68 cho E' =cB, B :—%E, q., = —cg,. DUNg nhitng diéu nay dé

“hiéu” cac phuwong trinh 10.65, 10.66 va 11.70:

E zc(éﬂ%xE]:‘Rx(—CB'):—C(EIAQXB').

.__l __l 0. R 2 2
B'=-"E= c—4ﬂeo(m.u)3[(c v*)u+9ix(uxa)]
1(-tn/c) % ol R
3 gl e A (]
CH@ , pd (1 2_,ua2 2
Pt i) g

Hodc bd cac dau phay:

B(r,t):ﬂjr—:’“ﬁ[(cz—uz)u+9%x(u><a)].

E(r,t):—c(if%xB).

2,42
P — ﬂoqm?
6rC

Bai tap 11.27:

@ W= Fdx:FIOTu(t)dt. Ty ba tap 11.19, U(t):%[m_feﬂﬂﬁ]. Do d6

T

2| T 2 2
W, =F— Itdt+rr dt—fe_T”J-Te”rdt :F— t—+Tt—Te_T”re”’
misy 0 0 mi| 2

0

2 2
:F— 1T2+7T—Tze’m(ewr—l) =F— ET2+IT—72+TZG’T/’ .
mi{2 m\ 2
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2 272
(b) Tir bai tap 11.19, van t6c cudi ciing 14 v, =(F /m)T, do dé W, Z% i FZT |
m’ m

2,2
(C) W, =[Pdt. Theo cong thitc Larmor | Pz%, va (1ap lai tir bai tap 11.19):
7T

F/im)[l1-e"" |, t
a(t)z{i el

F /m)[l— e(”)”] (0<t

IA

0);

IN

T).

I e N I SN ER i ]

_.E {(1 e ) (;ez”’]

(1_ e Tl )2 +T—2% 7T/T(Teur)

3| ™M

+ j dt—2e ™" j e dt +e?"" j ez“fdt}

.

T - T T T
e (_em j }

0 2 o

(1 26T 4 2T/T)+T 27" (eT/z' _1)+ 2e—2T/T (eZT/‘r _1)}

N
/__/H
NS

2

z'e’T”+1 N N T T—Te’zm :i (T—z‘+re’m).
2 2 2 m

N
| =

|
N N N
3‘1’1 3‘11 3‘1’1
N
1 1
NS

N

Bao toan nang lwvong doi hoi rang cong duoc thwe hién bai luvc ngoai phai bang voi

tong nang cudi cung cdng véi nang lugng toa ra:

2012 2 2
Wiin + W, = FT +i (T—2'+2'e’m):E 1T 24 T-r2+72% =W,,.
2m m m\2

Bai tap 11.28:

.k e B k 3 B k

(@ a=ra+—s(t)= [ a()dt=o(s j £ it + j tdt=z[a(e)-a(-e)]+—-
N&u van t6c lalién tuc thi: v(s)=o(-¢), do dé a(g)—a(—g)z—%.

Khi 0, a=ra= a(t)=Ae"; khi t)0, a=ra= a(t):Be“’;AazB—Az—L :B:A—L,

mr mr

do dé nghiém tong quat la

A g

[A-(k/mr)]e", (1)0).
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PéE loai bd sy chéch hudng ching ta can A=k/mz, dé loai bd khad nang tang toc trudc

ching ta can A = 0. RG rang ban khong thé lam hai viéc d6. Néu ban chon loai bd s

k/ t/t O ’
chéch huéng thi: a(t):{( mr) e (t0)
0, (£)0).

t

_Ker @i wei o wo);  dsi e
m

U(t) = ija(t)dt — %J.tw ' dt = %(Tet/f)

—00

H0.u(t)=v(0)+

0 m

k , (k/m)e™,  (Ko);
a(t)dt=v(0)=—. Do do u(t)={(k/m), (£)0).

Doi Vi mot hat khong mang dién chdng ta co co:
0, (K0)

a(t)zﬁﬁ(t), o(t)=] a(tt :{(k/m), ()0)

Céc do thi:

charged

nevtral
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Y1)

1F

k
"‘llﬂ‘ I

charged !
)
|
T e e D _-._t
!
neutral
k2
W, = [ Fax= [ Fodt=k[&(t)o(t)dt =kv(0) =
1 1 (k) K
b) W, =—mv?==m|=~| =—.
() kin Zm)f Zm(mj om
0
o0’ 0 QT K° (7 _oue k> r  Kk°
W, = jP,addt_ 0 j[a ]dt_rm£ jjw dt = mf(ze L o

RG rang, W,, =W, +W,_

Bai tap 11.29:

Nhiém vu cla ching ta la gidi phuong trinh azra+U—n:’|:—5(X)+§(X— L)], theo cac diéu
kién bién:
(1) x liéntuctai x=0 va x =L;
(2) v liéntuctai x=0 va x =L;
(3) Aa=+U,/mrv (dau +tai x=0, dau —tai x =L).
Ba phuwong trinh sau day c6 duoc tir viéc tinh tich phan cac phwong trinh chuyén dong:
do da
IEdt: jd dt+—j[ ~5(X)+8(x—L)Jt,

Av=ma+ 2 [[-6(x)+ 6 (x-L)] k=0,

SRR

meo
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O mét trong ba ving ndy, lvc bang 0 (N6 chi ddng tai x=0 va x = L), va nghiém téng
quét lac a(t)=Ae"; o(t)=Are” +B; x(t)=Ar’" +Bt+C.
(TGi s dat cac chi so dudi vao A, B, vaC dé phan biét ba mién)
Mién iii: (x)L): dé tranh sy chéch hwéng, ching ta chon A; = O; thi a(t) = O,
v(t)=B,, x(t)=Bt+C,. Bat van téc cudi cung la v, (=B,), chon thoi diém sao chot =0

khi hat & tai x =0, va ddt T lathoi gian dé hat chui qua hang rao, nén x(T)=L=0,T+C,,

vavithé c,=L-ou, T.Thi |a(t)=0; v(t)=v,, X(t)=L+v,(t-T),| (KT)

Miénii (0(x(L): a=Ag€", v=Are" +B,, x=Ar’€" +Bt+C,.

U U
3) = 0-Ag/"T=——"0 — A=_"0 gl
€ AST e o Ao
U U
2) = v.=A7e""+B=—"24+B = B, =p, ——2,
@ = v~ A B =, > B2
1) = L=Are +BT+C,= 2 4p, T 001 C, =0, T+ 0 (¢ -T)+C,

f f r‘nUf

U
= C2:L—UfT+mUO (T-7).

a(t) _ _e(t—T)/r;

3 Uy 1 yemie 47,
o(t) = v +— E | (oK(T).

U -
ty=L+ t—T)r—0 | etV T
X( ) Uf( ) f [re Z':|

[Chiy: néu hang rao da rong (hay cao) hat c6 thé di vong trwdc khi dén L, nhung & day
ching ta chi quan tam dén vung né xuyén ham]
Dac biét, doi voit= 0 (khi x=0):

Uo
mo;

Uo
mo;

O=L-0T+—2[re™ +T-7|= L=0,T-—2[re"" +T-7]. qed
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Mién i: (x(0): a=Ae", v=Are"+B, x=Ar’e"+Bt+C. Dat v la van toc toi (tai
t » —o0); thi: B =v,. Diéu kién 3 cho chung ta:

UO e—T/z’ _ A — UO
mro, mro,

O day o, la tbc dd hat khi né qua x=0. Tir cac nghiém trong mién (ii) suy ra

U
_ 0 ~T/t
vy =0, +—2(e
f

~1). Nhung ching ta cling c6 thé biéu dién né theo cac nghiém trong

mién (i): v, = Ar+0,

Do do:

U, 1
=0, — 1- . ged
f muf{ 1+(U0/muf)[e””l]} q
NéEu %muf :%UO, thi

L=v,T - [Te_m +T—T] =0, I:T—Te_T/T —T+T:| =10, (1—e’T”);

L, =U; —U; |:1_T:'II'-/T_]:| =Us (1—1+ eT/T ) =U¢ eT/T.

bat chung cung nhau:

Loemrmemro b o eT’T:;:ui :U—f.qed
TV, TV, 1—(L/wf) 1—(L/Ufr)
Ernuz 2
Pic bist, d6i V6i L-vcido-—0 -2, do d6 KE_2 " _[u|_ 10
1-1/4 3 1o (o) 9
f
16 161 8
K :—KE :——U :—U .
E| 9 f 92 0 9 0
Bai tap 11.30:
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(27;:0)(;Z)B[(cz—uz)u+(91.a)u—(iR.u)a]. O day

(@ T® pheong trinh 10.65, E,=

u=cR-v, R=Ix+dy,v=0% do d0 Rv=Ilv, Ra=la, Ru=cR-Rv=ch-lvo. Chlng ta chi

mudn thanh phan x. Chly rang u, =(c/%)l —v=(d —vR)/R, chling taco:

S R ; {%(d—uﬂ%)(cz—uz+la)—a(cﬂ%—lu)}

O (@R -l nhung ®?=1%+d>.

q 1 2 2 2 2
= | —UR — |“a—uvRla—acR“+aluvR |.
87[80(CER—|U)3|:(C v )(c u)+c a—vRla—ach? +alv ]
q 1 2 2 2
= | —oR)(c?-v?)—acd? |.
8rs, (CSR—IU)3 [(C v )(C v ) % ]
q2 1 2 2 21 A N N 2 , s ~
F .= | — R —v?)-acd Piéu nay ton uat hdéa phuwong trinh
= 8, (C‘J{—IU)3[(C (o) e ]X ( Ve " !
11.90)

Bay gio x(t)- x(t,) =| :uT+%aT2+%aT3+..., & day T=t-t,, vav,a va a déu dugc tinh tai

thoi gian tri hoan t,.

1 1 2 1 1
(cT)2:SRZ:I2+d2:d2+(uT+§aT2+gaT3j :d2+z)2T2+uaT3+§uaT4+Za2T4;
CZTZ(l—uzlcz)zcszlyz=d2+uaT3+(:—1gua+%a2jT4. Giai d6i v6i T nhw mot chudi Iy
thtra theo d:

T:ﬁ(1+Ad+Bd2+...)
C

2 242 343 . 2 4
& 79 (14 2Ad +2Bd? + Ad?) = 0 +val D (1+3Ad)+| B+ 2 | gt
2 c? c? 3 4)c

So sénh chubi clia d:
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3 3 2 4
A=tial ;B a2 =¥ ”—a+a—j7—4
C 3 4)c
gL 7 Ly vAY' @Y _vayt yf1 vt vty
- 3 3 6 4 4 = 4 4 2 2 6
c 2 ¢ 4 C 3 c 4c 3 4c" \y° ¢ 2 cC

11.93)

3 4 . 2,2 2 242 3 3
_vyd {1+U_a7_3d+7/—{u—a+y a (1+4U—ﬂd2}+la7/ d |:1+Uay—3d}+%ay—d3
C C
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4 5 4 2,2
R —lo=cyd+ —2-d?+L Wy qo_ 10|, Sura |y
c 2c 2c 2c°|3 4 c
V) o 1 v*) va 5vy%a’
—opd|1-2 |+ L |28 2 — 2 |22 d°
7/[ 02J+203[3+ (4 2] 3 4 ¢
542
=£d+7/i d’+( )d*+
e
4 2 4 2
| —uoN =uyd+al 2+7/—2 §+§07/2a 3 —U—a7—3 2—0—74 va, e 1+U—2 d?
2c 2c°\3 4 ¢ C 2c| 3 4 c
4 2 5 . 2,2 2,2
& 1—U—2 d2+7/—2 a,svra Uza—w/za 1 0_2 d’+( )d*+
2c c 2c°|3 4 c c° 3 c 4 c
4 5 . 2,2 2
A 7/2 a2+uy2a §—£—U—2 d’+( )d*+...
2c 2c° | 3y C 4 4 c
4 3 . 2,2
=a27 d2+272[%+072a }d3+( )d*+...
c c C
6.2 -3 3 6.2
(csn—w):“:{ﬂ(lﬂ"j dzﬂ {QJ [1—3@&}...
% 8c ¥ 8c
2 3 . 2,2
» ( j ?/a Gl PES A W ) L
87zgo 2c 2c°\3 ¢ 7?
2 E_FZ E+ﬂ d 5\(
87&90 2 2(3 ¢
2 2,2
_8q Lda{ —ac+ y(2+07;2a ]d+( )d2+...1§<
e, C
2
:8q { P 4:2d +j,/c (2+”7Cza ]+( )d2+...}2 (Khai quat héa phuong trinh 11.95)
7,
Chuyén sang t: o(t,)=o(t)+0(t)(t, —t)+..=o(t)-a(t)T =v(t)-ayd/c. (Khi nhan véi d -n6

khéng quan trong — d6i v&i bac nay, cho du chiing tatinh tai t hay tai t, )

—2ayd/ c}

CZ

SR

C
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y{l—[@ﬂ :y(t)(l_&fd} a(t,)=a(t)-Ta=a(t)-Ld.

C C

Bay gi0, tinh moi thit tai thoi diém t:

2 1-3vay®d/c®)(a-ayd/c 4 (4 2,2
F, = q [_73( Y )( ' ) /4 (E+U73-J+( )d2+...]A

11.96)

+

4re, 4c*d 43 ¢

2 3

3 . 2. 2 4 . 242
o —7/2a+7/2 %+30a37/ +7/3 §+uy2a +()d+...|X
dney| 4c°d 4ct| c c 4’3 ¢

2

3 4 2.2 2,42
:4q - 72a + 73(a+3"a27 +uy2a J+( )d+..1§(
ne,| 4c’d  4c c Cc
q2 73a 74 Ua2]/2 kh h h h
= —~ +-—a+3 +( )d+.. X ai quat hoa phuong trin
47:5([ 4c*d 303( c? j ) } ( f P .

S6 hang dau tién la kh6i lwgng dién tlr, chinh phan (ng bic xa la s0 hang tht 2:

Fig = £l e
127c

2 2 2
phuong trinh 11.100 1& |F.,, :ﬂy“(a%’)a 4 J

(b) I:rad = a74

2.2
v (a+3”i Y ] (khd qué hoéa phuong trinh 11.99), do d6 t6ng quat hoéa

2

2

6rzc c

2,2 2
(aﬁt# , trong do: AE%. P=Aa’* (phuong trinh 11.75). Chlng ta
7T

c

N 2 2 ~ 2 2y? 2
phai chiing to ring: [*F, dt=—[" Pdt, hodc | y4[a+30a27 jdt:‘f a’yCdt

(Ngoai trir cac 0 hang bién —xem phan 11.2.2).

.~ - A~ w A t, 4 .« _tz 4 da_ 4
Viét lai s6 hang dau tién: L yravdt _L (7 U)E—y va

do:

2 2 d
=) o (7 v)adt.

3
Bay gio: %(y4u)=4ys%+y4a-%_1(;}_1 Lol -22]-2%" po

2

C 2

ot Cdt dt\ 1 p?/c? c

2(1-07/¢)
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J‘:z y*avdt =y*val

2
- j:z yta’? (1+ BU—ZJ dt vavi thé:
1 C

b4

2 2

2
| t2{—y6a2 (1+ 3”—2j+3y6 av }dt - y'va
b 4 C C

5 j:z y®a’dt. qed

4

2,2,.2
Jt274(au+37a20 Jdtzy“ua
4 (o

Bai téap 11.31:

@ pP=£927  (phwong trinh 1175). @=+b?+c*® (phuong trinh 10.45);

67C
: ct . c? c’t(c?t) & v
V=w :W, a=v= \/bz +C2t2 N (b2 +C2t2)3/2 = (bz +C2t2)3/2 (b2 +C2t2 _C2t2) :m,
2 1 _ 1 _ b? + c?t? _i s )
Y 1-02/c? _l—[Cztzl(b2+Czt2)]_b2+02t2—02t2 T (b +ct ) Do do:

2 it (b2 2 2 P A <
_ M9 b"c ( )_ c1‘32_(Véung, no btrc xa) (Thuc té vai tde dé khdng doi)

- 6rc (b2 +Czt2)3 b° - 6re b
(b) Fuy = %W[aﬁazv}- Lo 3 () gt
rad 7TC c? 2(b2+02t2)5/2 (b2+02t2)5/2
2,2 2 4 b2+czt2 44 ) \ A |
(a+3]/ ?U]:_ 3th 5/2+32( 2 ) bC 3 Ct :0 Fradzo (VI Vay phan
C (b2+C2t2) Cc b (b2+C2t2) (b2+02t2)

(rng btrc xa bang 0)
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Chuwong 12

PIEN BONG LUC VA THUYET TUONG POl
Bai tap 12.1:
Pat u lavan téc cua hat trong S, T lavan téc cila n6 trong S, vav lavan téc cua S doi
véi S. Quy tic cong van téc Galileo cho biét: u = u + v. B6i véi mdt hat tw do, u 1a hdng
sO (B4 la dinh luat | Newton trong S).
(@ Neéuvlahang séthi t = @ - v cling lahang s6, vi vay dinh luat | Newton diing trong
S, vavi thé S laquan tinh.
(b) Néu S laquén tinhthi o cling lahdng s8, do d6 v = u - T lahang s6.
Bai tap 12.2:
(@

MU, + MU = MU + MU U =T + V. M, (T, + V) +mg (Tg + V) =me (T +V)+my, (T, + V),
MO, + MO, + (M, +my )V = MmO + MU, +(m. +m, ) v,
Gia st khoi lwong duwoc bado toan: (m,+my)=(m.+m,) cho ching ta
m,U, + mg, = m.G. + myu,, do dé dong lvgng duoc bao toantrong S.
(b)
Lz imee =tz + mu
2 AYA 2rnB B Zn‘k C ZrnD D
:>%mA(UAZ+ZUA.V+L)2)+%WIB(U§+2UB.V+1)2)=%%(U§+2UC.V+UZ)+%IT‘ID(Ug+2UD.V+UZ)
1, 1 _ _ 1
EmAu,erEmBué+2v.(mAuA+mBuB)+§uz(mA+mB)
1 __2 1 —2 —_ — 1 2
=§m:uc+§mDuD+2v.(rncuC+mDuD)+§u (M. +my).
Nhung céc s8 hang gitta bang nhau do bdo toan dong lvong, va cac sb hang cudi bang

nhau do bao toan khéi lrgng, do dé: %mAU,f +%mBU§ =%mcug +%mDU§ qed

Bai tap 12.3:
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) Upg + Vg UpgUpc Ug —Ug _ Upglpc ;
Vg = Upg +Upe j0g = —28—BC —~p | 1- = = : Trong mi/h,

1+ U pgUge / € c? Ug c?

c= (186,000 mi /) (3600 sec/ hr) = 6.7mi / hr . -, 2 —7€ — (5)(60) S=6.7x10" = 6.7x10 %
bs  (6.7x10%)

sai O (kha nhd)
(b) [1c+§cj/(1+1.§j:(%j/(l—lzgc) (Van nho hon c)
2 4 2'4) \ 4 8 11
(c) BE don gian hoa ki hiéu, dat g=uv,. /c B =v,/c, B,=v./c. ThE thi phuong trinh

12.3 chochungta: p= M,

1+ Bp,
g BB B Veapp e gy (WABBFE) | (CA)R)
(1+288,+ B2B;) (1+2B8,+BB;)  (1+2B,8,+B5;) (1+B8.8,) '
day A=(1-47)(1-B2)/(1+8,3,)° ro rang last duong. Do d6 (1 vavi thé u,c|(coed
Bai tap 12.4:
(8) Van téc clia vién dan doi voi mit dat L+ ic=2c-0¢
2 3 6 12

Van t6c cua chiéc xe hoi: %c=%. Vi rang v,)v,, (vién dan dén bia)

, , lode Sog

(b) Van t6c cha vién dan d6i voi mat dit 2—3- -6 _2c—=¢ Van t6c cla xe hoi
1.1 7 7 28
23 6
3 21 - n " a L
258 Virang v,)v, (vién dan khong dén bia)
Bai tap 12.5:
X 7 N A n , . 90X109m . 2 ~ A N A \ = -
(@) Anh sang tir dong ho thr 90 mat m=3005=5m|n dé dén toi, vi vay thoi gian
X m/s

t6i thay trén dong ho 1a11:55 am).
(b) T6i quan sat muoi hai budi trua.

Bai tap 12.6:
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Tin hiéu anh sang roi a tai thoi diém t ; t¢i mat dat tai thoi diém t, =t +d, /c,
Tin hiéu anh sang roi b tai thoi diém t,; T¢I mat dat tai thoi diém t, =t, +d, /c

o - . (—vAt'coso
.'.At:tb—ta:tb—ta+M:At +(U—)

= At [1— Ecose}.
c c c

(& day d, lakhoang cach tir a dén Trai dat, vad, lakhodng cach tir b dén Trai dét).

As=oat'sing = SRy USRT Javan toc biéu kién.
(1-v/coose) (1—Ucosej
C

au u[(l—Zcos@j(cos@)—sine(';sineﬂ :O:[

1—200519j(cos6') —Ydn?e

do (1—0 cos&’)2 ¢ ¢
c
:>C086’:2(Sin20+00829)=2
c c
_ 2 2 . .. .
6. —cos*(v/c)| Tai goc cuc dai, u=21"V /¢ _ Y Khi vosc,u— B Vi

1-v*/c® J1-0%/¢?

mau s6 — 0, cho du o(c.

Bai tap 12.7:
Sinh vién khong tinh dén s gian né thoi gian ctia dong hé bén trong clia muon. Trong

phong thi nghiém, muon tiép tuc kéo dai thém mot thoi gian yr=——-——, & day - la
J1-0?/¢c?
thoi gian s6ng “riéng”, 2x10°s. Do do: 0:4:9\/1—02/&, ¢ day d = 800m.

rl\J1-0v%/c® T

2 2 2
(&) (5] r3 r e
d C d) ¢ r/d) +(1/c)

(
V1w (210°)(340°) 6 3 0 1 16 4.
c? 1+(,c/d)2’ d 800 8 4" ¢ 1+9/16 25’ 5
Bai tap 12.8:

SVTH: Bau Thi Ha - Lop 48B-Ly 58 thanhlam1910_2006@yahoo.com


mailto:thanhlam1910_2006@yahoo.com

Bai tap chuyén nganh QHQP

(a) Bong ho tén Ikra chay cham; vi vay dong ho trai dat chi t= dhr. O day

1
V1-0v?/c?

1 1 5 ,am o e mn i Len - . ,
= = == . Theo cac dong ho Trai bat, tin hiéu dwoc guri 1 gio 15 phut
4 Jviic ioim 4 g . 0C g g P

sau khi cét canh.

(b) Qua nguoi quan sat & Trai Dat, bay gi¢ tén I(ra & khodng cach (gcj(%(lhr)j:gc hr .
Do do, tin hiéu anh sang mét % gio dé quay lai Trai Dat. Bdi vi né roi lic 1 gio 15 phut
sau khi khéi hanh, tin hiéu anh sang dén Trai Bat 2 gio sau khi khéi hanh.

(c) Bong hd Trai bat chay cham: t, ., = .(2hrs) = 2(2 hrs) = 2.5hrs.

Bai tap 12.9:

2 2 2
L-2t;-b do de: 2-1- 1—(% :ﬁ; g 3 vy 3.1
Ve Vo Yo Vo 2 4y c- 16 c 16 16

Bai tap 12.10:

Gia sr chiéu dai cot budbm (luc dirng yén) la I. B6i voi mot ngudi quan sat trén thuyeén,

chiéu cao clia cdt budém la Ising, hinh chiéu theo phwong ngang l1a 1cos@. Dai voi mot

nguoi quan sat & dudi thuyén, cai dau khong anh hwéng, nhuwng cai sau bi thu nho

Lorentz mét lwong L\ coso. Thanhra: tand = |sing = ytand. hoac tanézﬂ
V4 1' COSH \/1—02/02

v
Bai tap 12.11:

Mot cach tho so, chu vi/dwong kinh =1(27zR)/(2R):7z/y=;z,/1—(aoR/c)2 - nhung diéu
Y

nay khong cd nghia. Van dé & day la mdt vat cé gia toc khong thé gilr nguyén tinh ciing
mot cach twong doi. B quyét dinh diéu gi thuc s xay ra, ban can mot mo hinh dac biét

doi v&i cac luc bén trong gilr dia voi nhau.
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Bai tap 12.12:

(iv)=t="1+2% Dit cai ndy vao (i) vatim x:
y C

t wc . 1 - X -
izyx—yu[—+u—2J:7X[l—U—2J—ut =yX——uvt =—-ut; X=7(X+Ut).
v C ¢ v v

Twong tw, (i) —t=tiut bat cadi nay vao dwa vé (iv) va tim t
4

— yw (X V') v_ t v_ (_ U_j
ot Xt |=pt|1-2 |- Zx=L Pxlt=y[T+2x|.
4 Cz(}/ j 7[ CZJ e y & 4 o2

Bai tap 12.13:
Pdt si cO cla anh trai xuat hién tai goc toa do, thoi diém khong, trong ca hai hé quy

chiéu. Trong hé S (clia Sophie), cac toa dd cla tiéng la clia Sophie & tai x=5x10°m, t=0.
Trong hé S (clia nha khoa hoc), T = y(t—%x} =—yox/c?. Vi no co giatri am, tiéng la cla

Sophie xuat hién truéc khi tai nan trong S. }/=\/ ! 2=J16;3144=1_:' Nén
1-(12/13) -

t= —El—:X% cj(5><105) /¢ = —12x10° / 3x10° = —4x10°°. |4x10sdm horn

Bai tap 12.14:
(@) Trong S né di chuyén mot khoang cach dy trong khoang thoi gian dt, trong khi d6 S

nd di chuyén mot khoang cach dy = dy trong thoi gian df = y(dt —%dxj.

Trong truong hop nay:
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u, =—Cccosd; u, =csingd = tam?:i(ﬂj. tanézi(Lej. (So sanh
y\ —ccosé —v y \ cos@+vlc
tand = 7% trong bai tap 12.10. Véan dé & day la van téc khong chi nhay vaéi si chuyén

doi khodng cach macon vai thoi gian.
Bai tap 12.15:

3 1

—C-—-C
= ae e wr e A A e e s , 1/4
Vién dan doéi v&i mat dat: §c,ten toi pham doi voi canh sat 4 2 :(/ )
7 1_§} (5/8)

4°2

_2¢ Vien
5

5 3
—C——C
e 7 = A~ A= - 1/ 28 A ~ 2 e s = v \ A
dan doi voi tén toi pham 74 _ ( ):—ic. [Van toc cua B dbéi voi A bang trir van
1. 53 (13/28) 13
74

toc clia A ddi voi B, vi vay tat ca cac doi twgng bén dwéi dwong chéo latam thuong. Cha

y trong rat nhiéu truong hop: v, (v,

outlaws ?

do d6 ban nhin né nhv thé nao khdng quan

trong, nhitng ga xau nay di roi]

Toc do | Mat dat Canh sat Vién dan Tén t0i | CO 16i thai
clia: —» pham khong?
baéi
VoIl
Mdtdat |0 1. 3. 5. Co
2 4 7

Canhsat | 1. 0 2, 1. Co

2 5 3
Viéndan | 3 .2, 0 R Co

4 5 13
Tén i |_5_ 1, 1 0 co

7 3 13
pham

Bai tap 12.16:
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1
1-(415)°

(@) Bong ho chuyén dong chay cham mot thira s6 y = _2 Boi vi 18 nam troi

qua trén dong hod dang chuyén dong, 2><13=30 nam tréi qua trén déng ho dang dirng yén.
(b) DGi voi dong ho & trai dat, phai mat 15 nam dé dén do, tai gc, nén

d =%c><15n m = (12 nam anh sang)

(¢) t =15 ndm, x = 12c ndm

(d) T=9n m, ~=0.[CO dy dén tai gbc toa dd trong S, va dabay doc theo S, vi vay co ay
van con & tai géc toa dd. Néu ban nghi ngd nhitng gia tri ndy, ding phép bién doi
Lorentz, v&i x vattir (c)]

%=y (x+uvt)

(e) Bién ddi Lorentz: ( v j (Chay rang v &m ,vi S di sang phiatré).
Y

t t+—X
C2

SX=

wlo

(12yrs+ gc.15yrs) = 2.240 yrs=

. 5 4 c 5 48
t=—|15yrs+——.12c yrs |=—| 15+ — | yrs=(15+16) yrs=41n m
3( y 5 c? y j 3( 5 j y ( ) y

(f) Quay dong hd ctia cé &y sém hon 32 nam, tir 9 dén 41 (T — ). Quay lai chuyén di mét
9 nam (thoi gian di chuyén), vi vay bay gio dong ho cla co dy sé chi 50 nam khi co ay
t¢i. Cha y rang day 1a 5/3 nhan 30 ndm, ding bang gia tri ma cd dy sé tinh néu & tai nha
datirng la khach du lich, khodng 30 nam cudc doi anh ay.

%x+t_:§.9:2_57:5.4n m, va anh ta bt dau lic

(9) () T =9yrs, x =0.tlathé ndo? t =
(o y 5

21 tudi, vi vay anh ta 26.4 tudi (tré hon nguoi di du lich béi vi nguoi di du lich & tai nha

dang di chuyén)
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123

(i) xt=41yrs, x=0. tlagi? t= :2.41_?:24.6n m, anh ta d& bat dau Iic 21 tudi,

t
7
do d6 anh ta 45.6 tuoi.
(h) N6 s& mét 5.4 nam cla thoi gian trai dat dé quay lai, vi vay khi co ta quay lai, co ay sé
néi véi cd ay tudi clia cap song sinh 1a 45.6 + 5.4 = 51 ndm — d6 la két qua ching ta da
thdy trong cau a). Nhung cha y rang dé né ding theo quan diém ctia ngudi di du lich, ban
phai tinh dén sw nhady trong tudi nhan thirc clia & tai nha khi cd ay thay doi toa do tir S
sang S
Bai tap 12.17:
-a’b’+a'h'+a®h?+a’h’ = —y*(a’ - par) (b’ - pb)+ 2 (a - pa°) (bt - pb°) + a%b? + a’h?
=—y*(a’h° - pa’' - pa'h’ + pralb' —alb' + palb’ + pa’h' - Aa’b’ )+ a’h’ + a’h’
=—y*a’h’ (1~ p*)+ p*alb'(1- B°)+a’h’ + a’’
=—a%’ +alb' +a%? +av°. qed [Cha i (1-p%)= 1.]

Bai tap 12.18:
ct 1 00 0)fct
X| |- 100 \ fas o - < f ok
(@ fz P X (S dung chu giai cua phuong trinh 12.24, dé so sanh tot
y O 010(vy
Z 0 00 1z
nhat)
y 0 -y O
0 1 00
(b)|A = :
- 0 7 0
0O O 0 1
(c) Nhén cac matran:
y 0 -yB 0 vy -y 00 w 7B -0
A 0O 1 0O O} -y y 0 O | -8 1 0O O
-3 0 'y 0| 0 0 10 |78 mpp ¥ O
0O O 0 1 0 0 0 1 0 0 0 1

Vang, thir tv rat gquan trong.
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Bai tap 12.19:

sinh@
cosh @

Y= 1 3 1 3 cosh
V1-0?/c2 1-tanh?2@ +Jcosh?6—sinh?6
coshd —-snhd 0O O :
_ cosp sSng O

—sinhd coshd 0 O , .
A= . Sosanh R=| -sing  cosp O |.
0 0 1 0

0 0 1
0 0 0 1

)

(@ Vitanhg= , Va cosh’ @ -sinh*# =1, taco:

=coshd. yf =coshfdsinh@d =sinhé.

tanh ¢ —tanh @
1-tanhgtanhd’

(b) ©- u-v Ez(ulc)—(ulc
- ¢

tanh6 =(v/c); tanhg =T /c.Nhung mot cong cobng thic lwong giac cho cac ham

= tanhg = day tanhg=ulc,

. tanhg—tanh@ — . -
h I =tanh(¢—@). ..tanh¢ =tanh(¢— h =¢-
yperb0|cl_tanh¢tanh6 tanh(¢—0). . tanhg =tanh(¢—6), hoac ¢ =¢—-0
Bai tap 12.20:
(@) (i) | =-C*At? + AX + Ay?* + AZ> = —(5-15)" +(10-5)" +(8-3)" + (0—0)* = —100+ 25+ 25= -50.

(ii) Khong. (Trong hé nhu thé, AT =0, do d6, | phai duvong, la khdng dung)
(iii) C6. S di chuyén theo hwéng tir B t¢i A, hoan thanh hanh trinh trong thoi gian 10/c.

)
8 -

>
>

1
&

_ X5y Sy Sy 2 4 6 8 10
10/¢c 2 2
v 2 7 g 9 s
Chay rang U—2=l+1=1, do do u=ic, chac chan bé hon ¢
¢ 4 4 2 J2
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(b) (i) 1=—(3-1)°+(5-2)"+0+0=—4+9=5.
(ii) Bing. Bang bién ddi Lorentz: A(cT)=y[A(ct)-p(Ax)]. Ta mudn: at=0 do dé

A(ct) = A(ax); hose 2= 3712 b 44, _ 2 ctheo hutng +x.
c AXx 5-2 3 3

(iii) Khdng. (Trong hé nhu thé: Ax=Ay=Az=0 vi vay | s& am, la diéu khéng dung)

Bai tap 12.21:

S dung phuong trinh 12.18 (iv): At_:;/(At—%ij 0= At :%Ax, hodc:

p=lez_tota 2
AX Xg—X,
Bai tap 12.22:

world line

of player 1"‘*“~-H,h world line of

_‘,,.-"""F player 2

- I

world line of
the ball
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(@) Su that l1a ban khdng bao git giao tiép voi nguoi khac lGc nay — ban giao tiép voi

mot nguoi anh dy/co dy s & do khi tin nhan dén do; va dap ng quay lai va gia dan va

thdng minh hon ban.
(b) Khong 16i thoat. Bung la mdt nguoi quan sat dang di chuyén cé thé noi co dy dén B

trede khi ¢d 8y roi A, nhung déi vai toan bd chuyén di, moi ngudi phai dong y rang co ay

sE quay lai sau khi c6 ay dagui ra.

Bai tap 12.23:
(@
L0
] C’, 4_‘1
: }4\
Y0
& A
&%
&7 9
&z
x
(b) = hé s6 goc = 92 gc:o,%c.
87 9.2

4 3
5°"5°_ (7/5c 35

.4 5
C)v=—c dov= c=0,95
(© v =g dov L A3 (@B 37 -
55
Bai tap 12.24:
2
1+
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1 1 cosh @ 1 .
(b) = = =cosh@; n = ———=——=u=cosh@ctanhd = csinhé.
\/1_112 Ji-tanh?@  Jcosh?@-sinh?@ V1-u?/c?
CZ

Bai tap 12.25:

1 2 2
a u=u =ucos45°=——c:\/:c.
& w=t 725V

1 1 J5 u
b = = = 51 = — = = =\/§C.
® V1-u?/c? J1-415 5-4 K NEr AR

(c) 7°=yc=+/5c.

_u-v  ~2/5c— 2/50_0
X u.L 1-2/5 '

(d) Phwong trinh 12.45; =

o=t W | o2 V25, pra
y

Yy uwe 1-2/5 3/5
C2
(© 7,=7(n.-pn’)=v1-2/5(N2c-2/5V5¢c)=0. 7, =n,=~2c
1 1 ﬁX:\/i—%u_x:O.
(f) = =3, 7= =
Ji-w?/c \1-(2/3) 7, =30, =/2c.
Bai tap 12.26:
iy — (9 2:;_2 2:_2ﬂ:_2
Oz (77) g 1—u2/cz( ¢ +u) ¢ (1—u2/cz) '
Bai tap 12.27:
NV , 1 1 dt b
a) Tu ba tap 11.31 ta cO: y ==+b?+c’?. .7 =|=dt =b| ———==In(ct +vb? +c%? |+ k;
(@ AP ’=y +C ij j\/m Cn(c+ +c )+
tai t = 0tamudn =0; O=%Inb+k, do d6 k:—glnb; T:%In %(ct+x/b2+c2t2)}.
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(b) /X _b2 + X = be cr/b I - be crib X XZ_b2 =b2e20r/b 2xbe cr/b+x2; 2xbe crlb b2 (1+ cr/b)

eC‘[/b + e—C‘r/b N . .. .
X= b(TJ =bcosh(cz /b). Ciing tir bai tap 11.31:
v=Cct/Vb*+ct? .
C 40 . \/cosh (cz/b)-1  sinh(cr/b)
=YX - =———— [o? cosh? (cz /b)—b? = =
v bcosh(CT/b\/ cosh” (er /b) - cosh(cr/b)  cosh(cz/b)

= ctanh(c—r).
b

(©) 7" = 7(c.:v,0,0) yzgzcosh[ibfj, do do:

n" = coshz(c,ctanhz,o, Oj = c(coshz,sinhz,o, Oj.
b b b b

Bai tap 12.28:

u+v
(a) MU, + MU = MU + MpUp; U = — o\ "
1+(Td/c?)
u,+v Ug +v U +v up, +v

ML (0ol @) PGl ) 1 (Gl ) O L (0wl &)
Thoi gian nay, bai vi tit cd mau s6 khac nhau, ching ta khong thé két luan rang:
m,U, + myu, = MU, + myu,
Chang han nhw ching ta xét mét vi du, gid st tdt ca khéi lvong bang nhau, va
u, =-U, =v;u. =u, =0. DAy la va cham ‘hoan toan khéng dan hoi’ déi xrng trong S va
rdé rang dong lvgng duoc bao toan (0O = 0). Nhung dinh luat cong van tdc Einstein cho:
U,=0, U, =—2u/(1+u’*/c”), O, =T, =-u, Vi VAy trong S (duoc xéc dinh khong chinh xéc)

dong lvong khdng bao toan:

-2u
m ——— |#-2mu.
1+u‘/c

(b) Mz, + My = Mure +mym s =y (7 + Ai77). (bién d6i Lorenz nguoc.)
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mAy(ﬁA+,8772)+mBy(ﬁB+/J’773)=mcy(ﬁc+,Br78)+mD;/(77D+,Bﬁg). (gidn  wéc  gama):

M7 + My, + A(Ma7,C + My770) = M7, + My 77, + Am7.° + myi’). Nhwng mp? = pe = E /¢, do d6 néu nang

7

X&C):
M7 + Myl = M7 + My B, . CJed
Bai tap 12.29:

yme? = me® = nmc? :>y=n+1:; :>1—U—Z:L
Vi-u?/c? ¢ (n+1)?

“—2—1— 1 _n2+2n+1—1_n(n+2).u_ n(n+2)C

¢ T (n+1?  (n+1) (n+1)° " (n+1)

Bai tap 12.30:

E-=E+E+.; pp=p+P,+... Br=y(p-pE /c)=0= f=vl/c=p,c/E,.
v=C’p 1E =c*(p+p,+..) [ (E+E, +...).

Bai tap 12.31:

E}zwcz:mczjyz(mﬁmﬁ): 1, 01

L 2m, ' 2mm,  \1-p%/2 ¢ )
oy oot g () (o)
c’ y (mj+m;)2 (mj+mfl)2 (mj+mfl)2’ m’ +m’

Bai tap 12.32:

Bong lvgng ban dau: E? - p*c® =méc* = p*c®= (2rr102)2 —méct = 3m’c* p=+/3mc.

Nang lugng ban dau: 2me® + me? = 3mc?.

Ca hai déu duoc bao toan, nang lvgng cudi cling la 3me?, dong lugng cudi cling l& +/3me .
E2— p%c? = (Srncz)2 —(\/§mc)2 cZ=6m’c* =M%* = M =+6m=~25m

(Theo céch nay, mot lvgng dong nang dwoc chuyén thanh nang lvong nghi, do dé M)2m.)

pc’ _Bmee® ¢
E 3mc® 43
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Bai tap 12.33:

Pau tién tinh nang lwgng pion:

E? = p*c® +m’c’ = 9 et 1 mict = 2t = E=me2,
16 16 4

Bao toan nang luvong: %mc2 =E, +E,

B&o toan dong luvong: %mcz = P,+ Py 5 B S E,—E;
Cc C

Suy ra2E,=2mc’.

Bai tap 12.34:

Co dién: E :%muz.Trong thi nghiém chum va cham, van toc ty doi (co dién) gap doi van

toc clia ca hai cai. Do do6 nang luong ty doi 1a 4E.
bat S lahé trong dé 1 ding yén. Téc do » cla nd, ddi voi S, chinh latdc dé cla 1 trong
Sp’=y(p’-5p)

r)ozyx(po—ﬂpl):%:y(%—ﬁpj, O day p la dong lwgng cla 2 trong S.

E - (E
Ez;/McZ;/:MCZ; p=—-yMov=—yM fc; E:y(z+ﬂ7Mﬁch:7(E+yMC2ﬂ2).
2_ _ 2
7/2: 1 5 = 1—ﬂ2:i2 ﬂzzl_iz:y 21; E= E2 E+ ( Ezj ~1Mc”.
1-p5 ¥ 4 4 Mc Mc
2 2 2
E= E2+ EZ—MCZ; _:ZEZ—MCZ.
Mc® Mc Mc

. . ., — (2)(900
V&I E=30GeV va Mc?=1GeV , Taco: Ez%—lzlSOO—lzl?ggGeV:GOE.

Bai tap 12.35:
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M6t photon la khong thé dwoc, bdi vi trong hé toa do ‘tam dong lwong’ (bai tap 12.30)
chuiing ta con lai mot photon & trang thai nghi, trong khi dé cac photon phai di chuyén véi
toc d6 c. Bao toan ndng lugng: /p,c? +mPc’ +mc? = E, + E,.

Bao toan dong lvong

+ Theo phwong ngang: p, _ Ea cos60° + Eecoso = E,cos6 = poc—%EA,
C C

+ Theo phuong thang ding: 0=Ersne0e—Eesing = EBsin9=§EA;
C Cc

Binh phuong va cong cac vé voi nhau ta duoc:

Ez (cos’0+5in” 0) = p,c” — p,CE, +% E? +g E2

= E; = p,c*— p,CE,+E: :[WJr mc’ — EAT
= p,C% + mc’ + 2\/W(mc2 ~E, )+ m’c’ - 2E,mc* + E3.
Hodc:

—P,CE, = 2m°c* + ZWZW— 2EA\/W— 2E,mc’;

, (mc%JW) (mcz—m——poclz)

(mc2 + pac? + mict - poc/2) .(mcz —\/W——poclz)

(ot pict it -2 pe = BT | (o 2, 4 R v

== :

E,=mc

2

=mc pZCZ 3
[mzc“— p,mc’ + Z - pic? —mzc“j (mc+4 poj
Bai tap 13.36:
du 1 du
— - 2u—
p_dp_d mu ) +u(_1) ¢t
dt dty1-u?/c? V1-u?/c? 2 (1—u2/cz)3/2

m u(ua)
= . ged
Vi1-u?/c? [a+(czu2)J q
Bai tap 13.37:
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Mot luc khong dbi téc dung Ién ban khi ban di trong quy dao hypebol. Photon A
rovi goc toa do tai t < 0 bat kip ban, nhung photon B, di qua gdc toa do tai t > 0, khéng bao

gior bat kip ban.
Bai tap 13.38:
(a)
o_dn, dp, dt | d c 1
o0 = %
dr  dr dr | di\ -2/ ) |Vt /&
1
o H( e
Vi-u?/c?\ 2)(1-u /c oc 1 u /c
Ly
_dy_dtdy 1 g[ u _1} ete
dr dr ot Ji_u?/c dt \/1_u2/c \/1 U2/ 2 \/1 u?/c? 2)(1-w21c?)”
! s u(ua)
_(1—u2/cz) (¢ -u?)
(b)
2 2
a/,a”:—(a°)2+aa— 1 (ua) 1 {a(l—u—2j+i2u(ua)}
¢ (1-u?/c?)  (1-u*/c?) c) ¢

2\? 2 2 2
___ 1 az(l—u—zj +(u'?) (—1+2 2t UZJ
(1-u?/c?) c c c c
-5
2
1 ua
= 2 a2+(2 )2
(1-u?/c?) c’-u

(€) n*n, =—c*, Vi %(77"77#) =a“n,=n"a,=2a"n,=0 do dd|a“n, =0.
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dp” d ,
d) K“= = =ma”. |K* ma“n = 0.
( ) dr dz-(mﬂﬂ) Mo N, = up
Bai tap 12.39:
2
K, K" = —(Ko)2 +K K. Tt phwong trinh 12.70, K K =(1FTZ). Tu phwong trinh 12.71:
~u’lc
ko 1dE _ 1 g[ mc? ]: me 1 (—1/02) | M ua
cdr cfi-u?/c dt\V1i-v?/e? ) 1-w? e 2(1_u2/02)3’2 ' (1_u2/C)2
Nhung phuong trinh 72.3: uF = uFcosf =——2 | (ua)+ w(ua) | m(ua) 4o
9. U. /1—u2/CZ . cz(l—uzlcz)_ (1_u2/02)3/2’

d6 Ko = _UFCosO . wu_ F?  uFlos’d _ 1—(u2/cz)c:osze_|:2 e

oi-w/e 1 (1-dPe?) (1-u?ic?) (1-u?/c?) '
Bai tap 12.40:

F =\/1_umZ/C2 {a-k sz(g'jz}zq(E+u><B) = a+ 22(332 =% ll—UZ/CZ (E+U><B).

Tich vb hwéng voéi u:

[u.a+ cz(li(tlj:)cz)Jz(l(ll;al)c 7 % (1-u?rc )I:U.E—i—U.(uxB)];

=0

Do d6: a=3 (1—u2/cz)[E+uxB—i2u(u.E)}. ged
m C

Bai tap 12.41:
Mot cach dé hiéu né la quay lai cong thirc tong quét clia E (phuong trinh 10.29). Doi

vGi mat phang vo han mang dién déu, di chuyén véi téc do khong ddi trong mit phang

J=0va p=0, trong khi d6 p (hodc thay vao d6 o) khéng phu thudc vao t (vi vay su tri
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hodn khong [am gi). Do d6, truong giéng nhw tredng d6i véi mat phang ding yén (mac
du chinh o dwoc thay bang su co Lorentz).

Mot 1i luan tinh té hon kham pha ra rang E 1a mdt vector (trong khi dé B 1a gia
vector). Diéu nay cd nghia la bat clt thanh phan cho trudc nao doi dau néu cau hinh dwoc
phan xa trong mit phang vuéng goc vai hwdng dé. Nhung trong hinh 12.35 (b), néu
chiing ta cho phan xa trong mit phang xy, cdu hinh khéng thay déi, vi vay thanh phan z
clia E phai gitt twvong tw. Do d6 n6 phai thwc sy bang khong. (Theo quy wéc, néu ban
phan xa mdt mat phang vudng goc voi huéng y, dién tich déi huéng, vi vay thanh phan
y cla E ddo nguoc dau la diéu hop Ii).

Bai tap 12.42:

(@ Truonglao,/e,. Vanovudng goc vai ban duong, nén:

EO:2—2(00545°>?+sin45°9):\FT‘;O(—R+§/).

(b) Tr phuong trinh  12.108: EX:EX"Z_\/%(;O;EyzyEy":y\/%I)EO' Do dé6
E:\/%ZO(—)AH;/)?).
(c) Tuba tap 12.10: tand =y, ,0=tany.
(d Cho A la vecto don vi wvuong goc véi ban & S - hién nhién
A =—SiNOX + Ccosby:; |E|:\/ggo\/1+7.
Do dé, géc & gilta i vaE la

E—'a:cos¢:L(sinH+;/cose):ﬂ(tanﬁﬂf):icos@.

E 1+ y? 1+ y° 1+ y°

H [ _ 2
Nhung: yztanezsmg = 1-cos¢ = / 12 -1 = 12 =y?+1 = cosf =
cos@ cosé@ cos¢ cosd

1
JL+r?

Nén Hién nhién truong khong vudng goc véi ban trong S.
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Bai tap chuyén nganh QHQP

1-0%/¢?) R .
_ 1 q< ) R (Phwong trinh 12.39)
drsy (L2 ¥ R
(1—02sin20j
1-0v%/c? ,r 1 R
:jE.da:q( 2 )2”.[0 92n0d9 —. Cho u=cos#, néndu=-singde, sin’9=1-u’
TTE,
(1—225inzej
_Q(l—UZ/CZ) 1 du _Q(l—UZ/CZ) C 3 1 du
- 280 .[_1 R 32 280 ; J._l 7 312
{1—02+Czu2} [Cz—l+u2)
+1
2
Tich phan ta duoc: u = 2 =(3j 2 .
c? c? , u v (1—02/0)
v v A N
,1 2
1y 19

q(l—uzlcz)

2¢,

Do do: IE.da:

Bl

2

(¢) St dung phuwong trinh 12.111 va phuong trinh 12.92,

1

S:—(Ex B)

Ho

Bai tap 12.44:

(@) Truong cla A tai B: E=

F — 1 qA(Z:IB 9 .
4re, d

SVTH: Bau Thi Ha- Lép 48B-Ly

2(1-p2 /) 0SNG , . .
e L)
o R“(l—uzsinzé?] 5

-0

¢ (-v¥c*fusing 5
167°, R*(1-v?/c?sin

1 Qas.
4re,
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(b) (i) T phwong trinh 12.68: F = 4y q,an y (Cha y: day la hat con lai trong S) (ii)

TTE,

\ \ g B L G0 1y g
TU phwong trinh 12.92: 9=90°: E—4”80 (1A—uz/c2)3/2?y dgy (diéu nay cling

tuan theo phuong trinh 12.108).

B =0, nhungvi v, =0 trong S, khéng c0 lvc tr, va F = 47 q/an y (nhu trudc)
TTE,

Bai tap 12.45:

O day 0=90°,R=y,%=r,do do (st dung c? =1/ ue, ):

Chiy réng: (E2-B%?)= [ﬁ“‘”j }/2( -Z_J :( ”‘l r] |abét bién, bdi vi nd khdng phu thudc
0 0

vao v. Chuing ta cé thé str dung diéu nay dé kiém tra.

HeA: v, =0, dod6 E=——1 2 g B=—-3 Y75 véi 7=
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2

F=qE=—1 7—2[1+§]9. (+q di*ng yén = khong luc tir). [Kiém chirng phuong trinh

dre, 1

12.68=F, = 1F.]
/4

. _ q° 1
§; B=OF=qE=-———

HEC: v.=0. E=- g iz
dre, 1

drg, 1 Y
[Van t6c trong d6i clia B va C & 2v/(1+Vv?/c?), va trong tng  1a 7%(1+v?/c?) Do dé

- 1
phuong trinh 12.68 = F. = PP Fe. ]

Béang tom tat:

q )4 a o,V qa e
— — 1+ — —
[ 47zgor2] ( 47zgor2j7/ ( CZJy ( 47zgor2j
q V. 2s q AP
- - =27
( 47rgor2ch ( 47zgor2]027 0
G V). G , v2) . q A
- 1+— - 1+— -
[ 47zgor2j]{ chy [ 47zgor2Jy( e ) Arceyr?
B 1
1-v?/c?

Bai tap 12.46
(@) Tw phwong trinh 12.108:

c

V2 v V2
. EXBX+7/Z{EyBy+ Z/IZCEZ—UBYBZ——ZEZBZ+ EZBZ——Z%EZ+U yBZ——ZEyBy}
C C C C

2 2
E By[l—U—J+ E Bz(l—u—zﬂ —EB,+EB, +EB -E-B
C

I — — — Y Y
E-B-EB,+EB,+EB -EB, +/%E, —VBZ{By t Ezjﬂ/(Ez +vBy{BZ ——ZEyj

(b)
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=2 2R? 2, .2 2 2| p? 2 v ’ 2 v ’
£ [z + (e, ~oB.F (-8 Pl B+ B+ 2E.) (B~ 2E,

C C

2
—E2+ yz(Ei —2E uB, +v?B2 + B + E,B, +v?B2 - ¢?B? — c*2— B E, - ¢ = EZ — ¢*B?
c C

2

v v
+Cc*25BE, —c*— Ejj—CZBf

C c

1)2 U2 U2 1)2
= Ef —CZBE +7/2|:E5(1—§J+ Ezz(l—?]—czBs[l—yJ—CZBZZ(l—Fjj|
— (E2+ E2+ E2)-c?(B2 + B? + B?)= E2 - B*c%.qed
(c) Khong. Néu B = 0 trong mét hé, thi (E*-c’B?) la duong. Tl d6, nd labét bién, no

c6 thé la dwong trong bét ctr hé nao. Do d6 E =0 trong tat ca cac hé.

Bai tap 12.47:
(@ Thuc hién mdt sw diéu chinh thich hgp trong phwong trinh 9.48 (vachon § =0
cho thuén tién), E(x,y, zt) = E,cos(kx—at)y, B(x,y,zt) :%cos(kx—a)t)i, & day k z%.
(b) S dung phuong trinh 12.108 dé bién dbi cac truong:
E =E,=0, E,=y(E,-uB,)= yE{cos(kx—a)t)—%cos(B— cot)} = aE,cos(kx— at),
B,=B,=0, B,= y(BZ —C—Uz Eyj = yEOEcos(kx—wt)—%cos(kx—a)t)} = a%cos(kx—a)t),

¢ day: |« E;/(l—gj: 1-vlc

Béy gi0 bién d6i Lorentz nguoc (phueng trinh 12.19) = x=y(X+ut) va

t=y(t‘+i¥j,do dé

CZ

lox— ot :y{k(i+u‘[)—a)[t—+§iﬂ:y[(k—%ji—(a)—ku)t_}: k% - @t

& day (nh6 rang k=w/c): Esy(k—%j:yk(l—ulc):ak va @ =yw(l-v/c)=aw.
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K&t luan: E(X,,z,T) = Ecos(kx - at )y, B(Y,V,Zt_):%cos(l&—ét_)i,

i
.

L 7

> %: ¢ Yup, day dang la diéu tdi mong dei (van toc
T

Van téc cla séng trong S la o

song anh sang la nhu nhau trong moi hé quan tinh)

1+vlc

Il
]

(d) B&i vi curdng do 7 18 voi E2 ty 6 1a 'I_:

|

Kinh gl*i moi nguoi,
Bién do, tan s6 va cuong do cla song anh sang sé giam vé khong khi ban chay ngay
cang xa. N6 s tr¢ nén qua yéu dén ndi ban sé khéng thdy né, vavi vay kinh nhin dém
dich chuyén dé ctia ban ciing sé khong thdy. Nhwng né van l1a 3.10° m/s d6i véi ban. Xin
16i vé diéu do.
Thén chao,
David
Bai tap 12.48:
T% = AJAZL = AQAZ® + AJAS? = % + ()17 = (1% - Bt?).
T% = AJASE = AGAR® + AJASES = 1% + ()t = (1= pt°) = y (1% + pt™).
T2 = A2A7 = AZA%% =t
T3 = ASALLY = ALAGE™ + ASAt™

( ﬁ)tSO +]/t31 ]/(tsl t03)

(—7,B)t02+}/t 7(t ﬁtoz).

T2 = AJAZY = AGASE” + ATASE?

Bai tap 12.49:

Gia st t* =+t* (+ ddi xtng, - phan ddi xirng)

Tk _ Ak A Apuv
T = AfA A
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T* = AZA = AZAKt™ [BOI Vi cd x4 va v dwoc cong tir 03, céi nao la x4 vaca nao
la v khéng quan trong]

= AfAj (2t*) [TOi duoc st dung tinh d6i x(ng cla t** va d&viét cac A's theo thir tw

Bai tap 12.50:
FvaﬂV — FOOFOO _ FOlFOl_ F02F02 _ F03F03_ FlOFlO _ F20F20 _ F30F30 + FllFll
+ F12F12 + F13F13 + F21F21+ F22F22 + F23F23 + F31F3l+ F32F32 + F33F33

=—(E Jc) ~(E, Ic) —(E,/c)’ ~(E,/c)’ ~(E,/c) —(E,/c)’ + B2+ BZ + B2+ BZ + B? + B?

2
:252—252/&:2{52—'5—2}
C

nod, ngoai trlr hé s6 khong doi - 2 la bét bién ma ching ta tim thdy trong bai tap

=z
12.46(b).
G“G,, =2(E*/c’-B?) ( cung bét bién )
FG,, =-2(F"G™+ F*G” + F®G™ )+ 2(F*G" + F*G" + F¥G”)

= —2(5 EB +2 E,B, +5EZBZ]2[BZ(—EZ/C)+ B,(-E, /c)+B,(-E,/c)]

= —%(E.B)—%(E.B) = —g(E.B),

Trong do, ngoai cac hé sd 4/c bat bién trong bai tap 12.46 (a). [Chang ngau nhién 1a

céc bat bién co badn maban cé thé xay dung tir E va B]

Bai tap 12.51:
: 2 . 0 ¢c O
E-= 1 ﬁx:ﬂﬁx
Are, X 2w X pav _ M| =C 0 O )
2zx{ 0 0 O O
Both2Mg o AUg
4r X 2w X 0O v O 0
Bai tap 12.52:
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0,F* = u,d*. LAy dao ham o,0,F* = u0,3*. Nhung 0,0, =0,0u (két hop la doi xing)
trong khi  F* =—-F* (phan d6i xtng) ..¢,0,F* =0 (Tai sao? Vi cac chi s6 nay déu duoc
cbng tr 0— 3, vi vay chung ta goi cai nao la x, cé nao la v khéng quan trong. Nhung
nfu modt dai lwong bang trir chinh ndé, n6 phdi  bang khong
0,0,F* =0,0,F*=0,0,(-F")=-0,0,F".

KEt luén 6,3 =0. ged
Bai tap 12.53:

Chiing ta biét rang 2,G6* =0 twong duong v6i hai phwong trinh Maxwell dong nhét,

HovA

. oB . “ i : ~
VB=0va VxE=—E. Chung ta can phai chitng minh ¢,F,, +6,F, +0,F,, =0 cling tuong

dwong v@i ching. Luc nay phuong trinh nay dai dién cho 64 phwong trinh riéng biét
(u=0-3,v=0-53 1=0—-3 va 4x4x4=64). Nhung nhiéu phuong trinh trong s dé
hoac du thira hodc tam thuong.

Gia s rang hai chi s6 déu giong nhau (x=v). Thé thi o,F,, +a,F,, +a,F, =0. Nhung

AT U pA
F.=0VvaF,=-F,, vivay dieu nay tam thuong 0 = 0. D& c6 duoc bét ctr diéu gi dang
ké thi u,v,2 phdi khac nhau. Chlng cé thé c6 dwoc cac khong gian (u,v,4=1,2,3=x,y,z
hoac mot s6 hoan vi chung), hoac moét khong gian va hai khong gian (2 =0,v,4=1,2 hodc
1,3 — hodc mot s6 hoan vi). Chang ta hay xét hai truong hop riéng biét.
Tat ca cac khong gian: gid st =1, v=2, 1=3 (cac hoan vi khac dwa dén cuing cling
mot puong trinh hoac trir no)

0 0 0
OsF, +0,F3+0,F, =0 = E(Bz)‘F&(BX)ﬁ-@(By):OE vV.B=0.

Thoi gian: gid st #=0,v=1, A=2 (Nhitng hoan vi khac cla cac chi s6 nay mang lai
két qua twong tw hodc trir nd)

o( E o o(E
0,Fy, +0,Fp+6,F,0 =0 = @(—f}a(d)(sm_[_y}o,
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X _ VJZO, do la thanh phan z cla _B_v«E (Néu x=0, v=1 1=2
oy oX ot
chang tanhan dugc thanh phan y, d6i véi v =2, 4 =3 chang tanhan dugc thanh phan x)

Két luén: ¢,F, +0,F,+0,F,, =0 twong dwong vGi VB = ova%}VanG”V 0. ged.

A uv uova

Bai tap 12.54:

K®=q,F” = q(n,F* +7,F 2 +7,F®) = q(n.E) /¢ = %yu.E.

T phwong trinh 12.71 ta biét rang K, =%O;—W & day W la nang lwvong cla hat. B&i vi
T

1 dW g aw
dr Z—dt taCO —y—=— E _—= E).
o o/ WE) = i =aluE)

y
Diéu nay c6 nghta la cong suat duoc cung cdp cho hat bang luc (qE) nhan van téc (u)-

no phai nhu vay

Bai tap 12.55:;
%:i:_li _ 1 %at+6¢6x a¢ay a¢az
0%, cot clot ot oxot oyot 82 ot
Tw phuong trinh 12.19 ta co: ﬂ_=y, x_ 7, y_oz_
ot ot ot ot
o 5¢ o¢ )
Do do: ¢ hoac (b&i vi ct=x"=-x,):
0% = ( p axj ( C %))

KEt luan: go“ bién ddi giéng nhv a* (phuong trinh 12.27) — va do dé la 4 vecto phan bién
ged.
Bai tap 12.56:

8GV

Theo nhuv bai tap 12.53 =0 la twong duong v@i phwong trinh 12.129. S dung

phuong trinh 12.132, chL’lng tatim dwoc (theo quy wéc cua bai tap 12.55):
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oF oF,,
£ 8FVML =0,F, +0,F,+0,F,

oxt  ox” 8x ATy D Tp A
0,(0,A-0,A,)+0,(8,A -0,A)+0,(3,A,—0,A,)

:( 0,7 —8,0,A)+(0,0,A,-0,8,A)+(0,0,A,—8,,A,)

uov

_0°A  O°A , . )
[Chiy rang: 6,0 A= o o =0,0,A,, quasy twvong dvong cla dao ham cheéo]

Bai tap 12.57:
Budc 1: quay xy dén XY, st dung phuong trinh 1.29:

X =cosfd x+sind y
Y =-sin@ x+cosé y

Buwdc 2: bién doi Lorentz tir XY dén XY sl dung phwong trinh 12.18:

=y (X —ut) = y[cosgx+singy - Bct]
=Y = _s|n¢x+ cosgy
Z=

N '<I X|

ct =y ct—,BX):;/[ct—,Bcos¢x+sin¢y]
Buéc 3: quay XY dén xy, st dung phuong trinh 1.29 véi ¢ am:
X =cosgX —singY = ycosg[cosgx+singy— fct]—sing[—singx+ cosgy]
=(ycos’p+sin® ) x+(y ~1)singcospy — yBcosp (ct)
y=singX +cosg Y =y sing(cosg x+sing y— fct )+ cosg(—singc+cospy)
:(y—l)sin¢cos¢x+(ysin20+c0529)y—y,Bsin¢(ct)

/4 — yppcosg —ypsing 0
—yBcosp (ycos’p+sin®g)  (y-1)singcosp O
0

1

Q

Du(¢i dang ma tran:
—yBsing (y-1)singcosp  (ysin®@+cos’0)

0 0 0

N < X

Bai tap 12.58:
Trong hé toa do tam dong lvong, ngudng xuat hién khi nang lvong dén dd dé bao trim

nang luvong nghi clia cac hat cubi cung. Do d6, trong hé phong thi nghiém, ching toi

mubn Kva ) diracd cung van toc, tai ngudng.
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m
O— +O before (CM) o . o
p

CO—
T K X
o0 after (CM)
K X Before After

Bong lvgng ban dau: p_; nang lugng ban dau 7: E? - p*c® = m’c* = E? =m’c* + p2c’.
T6ng nang luong ban dau: m.c®+m’c’ + p’c®. Pay ciing 1a ndng lvong va dong luong
~N= AY 2
Cculi cung: E*- p°c? :(mK + M. ) c*
2 2 4 2.2 2 2.2 2 4
(mpc +4mic* + pic ) - pic =(mK +Ms. ) c
4 2mpc2 2.2 2 4 2.2 2.2 _ 2 4
m,c* +———/m;c”+ p;c+mc” + p.c° - p;c” = m+ms | C

C
2m

2
mec? + p? :(mK + M. ) —m —m

(m§C2+p) (mKerZ) (m+m)(m<+mZ)2+m3+m,‘l+2mﬁm§
oy e -
" J(m‘ ey | -2 e ne){mcemy ) oo

- (zmplcz)c\/(mKC2 My 02)4 - 2[(mpcz)2 +(m,,c2)2}(m,<c2 +my. CZ)Z +[(mpcz)2 _(m”C2)2j|

2

_ —20(300) \/(1700)2 ~2[(900)° +(150)’ | (1700)" +  (900)° - (150)° |
-2 (8.35x10) - (4.81x10% ) +(0.62x10?) =L(2.04x106) =1133 MeV /c.
1800c 0
Bai tap 12.59:

Trong CM pla dd Ién clia ba déng lvgng trong CM, ¢=CM lagoéc tén xa
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Y
p p |
O— ) I
Before
Trong phong thi nghiém:
7
O— O 7
Before g

Bai tap: tinh 6 theop, ¢.
Bién d6i Lorentz: 7, =y(r,-pr°); T, =1,; 5, =7(s,-B5"): §, =5,

Bay gi0: E=ymc®; p=-ymw (v Xét tir phia trai); E* - p°c® =m’c*, do do
ayg P

,B:—%. AT = ;/( pcos¢+%%) = yp(1+cosg, ); T = psing; §, = y p(1-cosg); 5, = —psing.
y°p’(1-cos’p) - p*sin® 4
\/[72 p?(1+cosg)’ + p*sin’ ¢} [7/2 p?(1-cosg)’ + p*sin? ¢}
_ (7°-1sin’¢
\/[7/2 (1+cosp)’ +sin’ ¢}[;/2 (1-cosp)’ +sin’ ¢}

) )

b il

(6 day: w=y>-1)

=
vl

cosd = =

=
7]

COS¢ =

(0]
(1+ cot? 4 + @ cot? ¢)(1+ tan® ¢ + wtan? ﬂ
2 2 2 2
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a)singcosg
= @ _ 2 2
(cscz+a)cot2¢j(1+tan2¢+a)tan2¢) (1+a)cosz¢j(1+a)sin2¢j
2 2 2 2 2 2
1 .
1 1 2 2
\/ 1+ o1+ cos¢)} [1+a)(1— cos¢)} \/K+1j+cos¢} K+1j—cos¢}
2 2 0] o
B sing B sing B 1
2 . 2!
| R
@ o
§day =24
w w
. T 2 4 4 2 2y ¥ N
sing = = = , do do tang= Hoac i
sng”" o*(tre) (1)’ (7 -1)sing '
7/ sin ¢
1 % 2¢?
2 1) =92 1-= | =25, [tand =
(7/ ) 7/( J/ZJ /4 2 7uzsin¢
Bai tap 12.60:
dp X ~ dp dt dt 1 mu
=K han s0 — — =K. Nhun ——— P
dr (hang ) ~ dt dr J dr  J1-u?/c? P JV1-u?/c?
d u K PURDIFEN o | S |
—=—————=—1/1-u?/c?*. Nhan v6i —==:
dt  J1-u?/c2 m dx u
dt d u _d u _ Ky1-u?/ctu Cho
dxdt{y1-u?/c®) dx{(y1-u?/c®) m '
u do K1 do 1d , k d(@®) 2« A 2K
v J1i-u?/c2 dx ma wdx 2dxw m  dx m:> (w) m(x)
-~ =2 %\ const. Nhung tai t = 0, x=0 vau =0 (do o =0) va do d6 héng s6 IA0.
m
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, 2K u? , 2Kx 2KX , 2Kx) 2Kx
T = X=——— U= WP I+ |= .
m 1-u“/c m mec mc m
2 2 / 2
u? = 2Kx/m _ ¢ L Ox_ J. 1+ — dx E)at =a’; ctz.f—XJra dx.
2K Jx

~ . 2Kx 2N T 2
14 2KX 1+(mCJ dt 1{ ]
mC 2KXx 2K X
Dat x=y?; dx=2ydy; Vx=y.
’ 2 2
ct=J.—y ‘a 2ydy=2fx/y2+a2dy=[y y2+a2+a2In(y+1/y2+a2)}+const_
y

Tait=0, x=0 = y=0
do dé

0=a’lna+const = const=-a’lna.

2 2
=y y2+a2+azln(y/a+ (y/a)2+1)=a{(lj (Xj +1+In[(lj+ (lj +1H.
a/\la a a
it z=y/a=+x,| 2K2 =4/2—K§. Thi: &:zx/h zz+ln(z+\/1+ zz).
mc mc mc

Bai tap 12.61:

(@ x(t)= a( 1+(at)” - ) & day: a:%. Luc do +q tac dung Ién —q £ la &nh qua guwong

cta luc do —q tac dung Ién +q (trén trucx), vi vay luc toan phan theo huong x (luc twr

toan phan bang 0) . Chang ta can thanh phan x cla E.

Trwong tai +q do —q géy rala (phuwong trinh 10.65):
RN

- S u(c?-0?)+u(na)-a(u) .

4re, (ER.U )

Uu=cR-v= U, = c%—u:%(d —UR); Ru=cR-Rv=(cR-Iv); Ra=la
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q R
E, =- .
47[80 (Cﬂf{—l)|)

%(C‘R—ul)(cz—uz)+%(cﬂf{—ul)Ia—a(ciR—uI)

Do dé
(|2 nz) —cad?/R
SR

q 1 i 2 2 2
- CR—ul)(c”—v")—cad”.
4re, (ciR—uI)3 ( )( ) }

Lwc tadc dung Ién +qgla gE, vaco mot luc twvong dwong trén —q , do d6 luc toan phan tac

29° 1

dung Ién ludng cuc la |F=-
47[‘90 (C%—Ul

5 [(c®-l)(c®~v*)~cad |%| VAN phai x4c dinh

R,1,0 va a vathé nhitng sé hang nay vao.

dx_c1 1 20t=—2 - p=p(t) =2

o)== e

() dt a2 [1+( ) 1—(at)2 T
2 n 2 _dv ca 1\22%, _ca 2 2]_Ca
& day: T =1+ (at) .a(tr)_I_?ertr( ZJ—T3 =5 |1+ (at, )" ~(at,) }_Tf*'

r

Bay giv tinh t.: c*(t-t, )" =%*=12+d? | =x [\/1+ at) —\/1+(atr)2},

dOdO \/1+ at) \/1+ at,) —1+att+ (adj.
2\ c

Binh phuong hai Vé:

2 2
Lo (at) +(at, ) +a't%? =1+ a*t?t? +4(“—dj +2a2ttr+[a—d) +at, (“—dj
C C C

2 2 4
2 +2 - 2tt, 1t (“dj (Qj —“—(QJ ~0.
c (o 4\ cC

L Gic ndy chiing ta cé thé tim t, theo t, nhung vi v va a daduoc biéu dién theo t, roi, timt

(theo t s& don gian hon), vabiéu dién moi thit theo t, :
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D4au nao? Boi v&i « nhd, ching ta mudn t~t +d/c vaching tacan dau +:

t=t, 1+5(@j 9TD D= 1+(“d]
2\ ¢ 2C

Do d6: ®=c(t-t,) = sn:% “dj +dTD.
C

Trd lai phwong trinh (*) vatim 1+ (at)’
1), 1fadY 1(adY)| d
1+(0¢t)2 —{1+—(a—j +a’t, ['[r (1_’__(05_] H+—TD}
T 20 ¢ 20 ¢ c
2 2 2 2
_1 [1+(at)2}{1+1(a—dj }La trdTD ={1+1(a_dj }T+a t.d D.
T : 20 ¢ c 2\ ¢ c
T

[\/HT—\/LLT} { (adj}T+a2§dD—T}:a(%T+trD].

Dat tat ca nhirng cai nay vao, ttr s6 trong dau ngoac vudng ¢ F trd thanh:

[ ]:{wd(%THrDJ Cf {2 (“Cdj dTD}}[ c? C?jtrzj—c%dz

d d(at, )’ c? c’ad?
=Cad[%T+trD—u—trD}F[l+(atr)2—(atr)z}— =

2c

_ c’ad?[1 1 c’ad? c’ad?
- o [ETZ_E(atr)Z-l}: A 1t ) (e, ) 2=
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_ o c2ad?
Are, [(CiR—lU)T]

2
(CR—10)T = C—tf(“—dj +dTD —ad(int,ojmr T
2\ ¢C 2c T

, cd(at, )2 ) )
d” - == [T =cdD| T? - (at, ) | = dcD
T SN
L+(at, ¥ —(at, )

2 242 2 .
- 4?[8 (f?’ddglgl3 = 4?[8 - 21% X (0{ :%j
0 ° cd [1+(ad/2c) }

~X. Van con tinh mau sg :

r

= 1ozztrd2 +odT D-2o%t
2 2

Nang luong phai dén tir ““hd chra clia nang luong dwoc lwu trir trong trwdng dién tir.

2 2 2
(b) F=meg=<9 o - :>[1+(ad/2c)2f2: 4 _ 49 (Lyc tic dung
24rg, o [1+(ad/2c)2] 8re,mc°d  8zmd

trén mot dau)

2C 2 213 2mC2 2 2/3
o =28 9 | _1 dodb|F= L
8rmd d 8r

Bai tap 12.62:

(@ A :(V/c,AK,,%,AZ) la 4-véc to (twong tw x“=(ct,x,y,z)), do do (s dung phuong

trinh 12.19): V = »(V +vA,). Nhung V=0 va A :%(m;r)_
74

Bay gi0 (mxr) =mzZ-my=mz-my. NénV :}/UZ—‘)@.
74

Bdy gi0 x=y(x-ut)=yR, y=y=R, Z=z=R,, & day R la vector (trong S) tir vi tri tirc

thoi cla ludng cwc dén diém quan sat. Do do:
2
r_2:yzRf+Rj+R22:;/Z(Rx2+Rf+RZZ)+(1—7)2(R§+Rf):yZLRZ—%RZSinZG]

(& day o lagoc gitta R vatruc x, sa0 cho (R +R)=R’sin*6.)
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ty (MRMR) g v(mxR)=v(mxR), =v(mR,-mR ),

V=
4 V¥ .,
7°’R°|1-=,sin %0
c

02
v.(me)(l—Czj
do dé v=rto , va sy dung: _ 1 va
4 5 302 Ho 2
"R (1—Usin 249] “of
2
C
~ 02
R.(vxm)l1-=
1 c?
v.(mxR)=R.(vxm): V = .
4re, w2 .,
c’R?|1-—;sin’ @
C
A ~ 1 R(vxm) 1 Rp .. _vxm
b) Trong gi¢i han khéng twong doi (0L ¢*)V = = , VOI p= ,
(b)Trong gioi h: g tuong ddi (v*u &) drs, COR g, R P=—cz

lathé cla lwdng cuc dién.
Bai tap 12.63:

(@) B= —% Ky (phuong trinh 5.56), N=mxB (phwong trinh 6.1) do d6 N = —%mK (zxy).

N = £ mKs = ﬂ(ﬂu)l 2)(01)))? = Ho 25042
2 2 2

E
v
2v

(b) Mat do dién tich mat trudc: A, (4 =r4,);

Mat do dién tich mat sau: 1 =74, 0 day o =

1+0v%/¢c?
_ 1 (1+ v /Cz)2 (1+ v*/ 02)2 <1+ v*/ Cz) ) L2
=7 = 2.2 - 2 4 7 2 i 2,2\ 1+_2'
4v°/c v v v° v (1—0 /C) c
1-————— 1+2 5+ -4 1-2—5+—
(L+071¢7) ¢t e ¢ c

Chiéu dai mat trvéc va sau trong khung nay |&: 1/ . Vi vay dién tich toan phan trén mat

2 2
saula g, =Z'—=y2[1+“—2ji'—=(1+”—2],u.
y ¢ )ry c
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Dién tich & mat truéc la: ziol—:il—:izﬂ,l.

y vy v
Vi vay moment ludng cuc (ghi chi: dién tich trén cac mit bang nhau):

| . | . v? |1 . 1]. Al L2 v, A%, o, .
(@)~ —(q)~9=| |1+ 2 (A=t fg=L 142 1 |y = E=Zos,
P (q*)zy (q*)zy K czj 2 5 Z}y 2 ( c? czjy c? y

A0 o

CZ

(Yx2)= 1&/MTI VK.
280y 7 2

¢ day o =y0,, N=pxE=
Vi vay ngoai trir cac hé sd tuong ddi cla y. Momen la nhuv nhau & c& hai hé - nhung
trong S, d6 la momen bi tac dung b&i mot tir trvong vao mot ludng cuc tir, trong khi dé
trong S, né la momen bi tac dung b&i mot truong dién trén mot lwdng cuc dién.

Bai tap 12.64:

Chon truc sao cho E huwong theo z va B ndm trong mat phdng yz:

E=(0,0,E); B=(0,Bcosg,Bsing). Bi dén mot hé quy chiéu di chuyén voi van téc v theo
hudng x: E=(0,-yvBsing,y (E+vBcosg)); B=£o,7(Bcos¢+§E],yBsin¢j.

(T6i sr dung phuong trinh 12.108). Bong thoi co: —roBsng __ y(EJrUBCOS(b), hoac:

7(Bcos¢+:;2Ej yBsing

2
—u|3zsin2¢=[|3cos¢+i2 Ej(E+uBcos¢)= EBcosg +vB? cos’ ¢+ — E? + = EBCosg,
C C C

2 EBcosg¢
0=uB?+ 2 E?+EBcosg| 1+ 2 | — Y —_ .
c? ¢ c ) 1+0v%/c? B2+ E?/c?
X y 2 ExB
Bay gid: ExB=[0 0 E |=—EBcosg Xx— 2 X

1+02/¢2 B +EZ/CP
0 Bcosg Bcosg

Khéng, khdng cé hé quy chiéu trong d6 E L B, d6i voi (EB) bat bién, va bdi vi nd khéc

khéng trong S, n6 khéng thé bang 0 trong S .
Bai tap 12.65:
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-4 g

Trudc do: Buong stre treong tda ra tir vi tri hién tai cua hat.

Ngay sau: Cac dudng stc truong di ra ngoai hinh cau ban kinh ct phat ra tir vi tri ma hat
da dén, tiép tuc gilr "ké hoach bay" ban dau cta nd. Bén trong hinh cau E = 0. Trén bé
mat, cac duong stic ndi nhau (vi ching khong thé két thic trong khong gian tréng rong),
nhu dugc dé nghi trong hinh.

DBiéu nay tao ra mot ddm doéng dac cac duong strc truong hudng ti€p tuyén, mé rong voi

ké hinh cau. Bay lacéch hinh thirc dé hiéu vé su tao blrc xa dién tir.

Bai tap 12.66:
Phuong trinh 12.68 gia st rang: hat (tirc thoi) ding yén trong S. O day hat ding yén
trong §. Do dé: F, =1F, F =F. Skt dung: F=qE, thi
4
F =F,=GE, F,=—F,==qE, F,=~F,=—E,
4 4 Y Y

Dén ra phwong trinh 12.108:

F =qE,, Fy=%q7(Ey—uBz):q(Ey—uBZ), FZ:%q;/(EZH)By):q(EZH)By).
Nhung vxB =-vB,X+vBw2, do do F=q(E+vxB). ged

Bai tap 12.67:
Viét lai phwong trinh 12.108 voi x>y, y— 7, z— X:

E,=E, E,=y(E,-vB) E=7(E,+vB)
— — 1) = 1
B, =B, BZ:}/(BZ+?EXJ Bx:y(BZ—?EX]
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Diéu nay cho ta cac trvong trong hé S, di chuyén theo huéng y véi van téc v.
Bay gi0: E=(0,0,E,); B=(B,,0,0), do dd: E, =0, E,=y(E,-vB,), E =0.
Néu ta mubn E =0, taphdi lya chon v dé E,-vB,=0; tkc lav=E,/B,.

(Piéu kién E,/B,(c dam bao rang nhan dwoc mét hé nhu thé khdng khé khin gi)

b=

2
Vi diéu ndy: B, =0, B,=0, Exzy(30—§ j:;/Bo[l—U—J:yBO—:%BO; E:%Boi.

Quy dao trong S: Bai vi hat ban dau dirng yén tai gbc trong S, nd bat dau véi van toc
—vy trong S. Theo phuong trinh 12.72, né & di chuyén trong mot vong tron ban kinh R

my°v

aB,

bang: p=gBR, hodc ymu:q[lBojR — R=
4

QuY dao thuc 1& x=0; y=—Rsinet; Z=R(1-coswt); & ddy w=—

poll

Quy dao trong S: bién ddi Lorentz phuong trinh 12.18 va 12.19, doi v6i truwong hop

chuyén dong twong doi theo hwéng vy, co:

x=0; y:7(_R3ina’t_+0t):7{_R5”{507[t—§yﬂﬂjy(t—%yj},
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2
y 1+;/ZU—2 = y*ut— yRsin| oy t—%y (y-ut)y =—Rsin| oy t—%y ;
Cc C C

z=R(1-cos’t ) = R{l— coswy (t _—— ﬂ
c

Do db: x=0; y=ut—BSin[a)]/(t—% y)}; z=R- Rcos{a)y(t—%y)}.
7 c c

Chuing ta c6 thé loai bo cac s6 hang lwong giac bang tha thuat thong thudng:

7(y—ut):—RSin{a)7(t—§yﬂ 2

= (y-vt)’ +(z-R) =R
z-R= —Rcos{a)y(t—g yﬂ

Thiéu »?, day sé la duong cong cicloit ching ta da hoc trong chuong 5 (phuong trinh
5.9). »* tao ra nd vi ndé da la mét duong cong cicloit elip — cung hinh nhw trang 206,
nhung véi truc ndm ngang kéo dai ra.

Bai tap 12.68:

(@ D=¢gE+P Qoiy: E>Lp
)
1
H=—B-M QQiy: B— uH

Ho

Nhung né sé it rd rang hon néu ching ta chia cho 4, trong khi chiing ta & tai no, dé cho:

0 cD cD cD

X y z

-cD 0 H, -H

X z y

E— D=c¢’D, B—> H. Thi: D* =
Loy -cD, -H, 0 H,
-H, H, ) 0
Theo diéu daduoc rat ra tir trang 539:
d d

v _ , 18 _
—D” =cV.D=cpf =J7; o~ D* =Ea(—CDX)+(VxH)X=(Jf)X,
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oD
ox”

do dé:

nhat (v.s:o, E:—aB

(b) H =

J¥, & day:

H, H,
-D, c¢D,

0 -cD,
cD, 0

It =(cpt,3;).

Ej khong thay d6i vatlr d6

Bai tap chuyén nganh QHQP

. Trong khi dé, cac phuong trinh Maxwell dong

oG""
ox”

0.

(c) Néu vat chét ding yén 7, =(-c,0,0,0) vatdng trén v rat vé mét s6 hang:

D”OUO =C25F”0770 = D" =c%F*° = —CD=—C2<9E = D=¢E(pt4.32),
C

1 1

H oy = LGF#0p = H" = %G* = ~H=—-2B = H="B (pt 6.31),
r 1

Y7,

(c) N6i chung: , = y(-cu), Vi vay, doi v6i x=0:

Dovnv _ D01771 + D02772 + D03773 =cD, (7ux)+ CDy (;/uy)—i- cD, (]/UZ) = }/C(D-U),

Fon, =F%, +F%n,+F%n, =%(yux)+ (yu, )+ F (ru,)=

dodd D%p, =c’sF%p, = yc(Du)= 025[

F

(Ewu),

o=

_y _z
C (od

%j(E.u) = Du=¢(Eu). (1)

Hovﬂv = H01771+H02772+H03773: HX(7UX)+Hy(7/uy)+Hz(yuz):}/(H'u)’

G*7, =G, +G%n, +G%p, = B, (yu,)+ B, (7u, )+ B, (yu,) = 7(Bu),

dod6: Ho, =G, = y(Hu)=—()(Bu)= (Hu)=—(Bu).
/1 ﬂ

Tuwong tw voi u=1:

L [2]

Y7,

D¥7" = D"n, + D, + D7y :(_CDx)(_7C)+ Hz(yuy)+(_Hy)(7u2): 7(C2DX +UVHZ_UZHV)

=7|:C2D+(UXH):|X,

Flv v F10n0+ F12771+ F13773 —

:y[E+(u><B)]X,

C
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Bai tap chuyén nganh QHQP
Do do

D'’ =c*sF*p” = 7 (c*D+[uxH]) =c*(y)[E+(uxB)] = D+C—12(u><H)=g[E+(u><B)]. [3]

H*n, = Hy + H?p, + H 9, = (=H, ) (=yc) + (-cD, ) (yu, ) + (<D, ) (yu,)
=y¢(H,-u,D,+u,D,)=yc[H—-(uxD)]

E E
le77v _ 610770 "'612772 +Gl3773 =(_Bx)(_yc)+(_?ZJ(7/UY)+{%J(]/UZ)

:%(CZBX -u,E, +UuE,) :%[CZB‘(“X E)],.

Do do HY7n, =%le7yv

= ]/C[H—(UXD)}X=%%[CZB—(UXE)]X = H—(UXD):%%{B—C—];(UXE)}. [4]

S dung phwong trinh (4) nhi mét biéu thicc cho H, thé vao phwong trinh ([3] vatim D:

D+C_12ux{(uxD)+£[B_%(UXE)}}=8[E+(u><B)];

u C

1 (u><B)+i4[u><(u><E)].

D+C_];[(u.D)u—u2D]=3[E+(UXB)]_IJCZ LC

S dung phuong trinh [1] dé viét lai u.D:

D(l—iiJ:—?(E.u)Uhs[EvL(UXB)}—%(UxBH

- 14 [(E.u)u—qu]

1C

- g{[l— gz;}E—C—l{l— gﬂlcz}(E.u)u +(ux B){l— g:czﬂ.

ﬁ, uz%. Dz;/zg{[l— “Z‘;ZJE{l—’é—jJ[(uxB)—C—lz(E.u)u}}.

Bay gio str dung phuong trinh (3) nhuw biéu thirc doi véi D, thé vao phwong trinh (4) va

Choly Thi

fimH: H _UX{_C_lz(uXH)+g[E+(uXB)]}:%[B_C_lz(uXE)}

H +C—12[(u.H)u—u2H] :%{B—C—lz(UxE)}+g(uxE)+g[u><(u><B)].
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S dung phuwong trinh [2] dé viét lai u.H:

H (1—”-2}:— L (Bu)u —i—l‘:B—iz(UXE)}—l—g(UXE)—l—g[(B.u)u—uzB]

c uc 7 C

=£{[1— yeu2]8+(5y—c—12][(ux E)+(B.u)u]}.

Y7,

H J—Z{[l—”—ijs{iz—c—lzj[(ux E)+(B.u)u]}.

U v v

Bai tap 12.69:
Chiing ta biét rang phép bién d6i thich hop nhw thanh phan tht khdng clia 4-vector:

. 2.2
ko—1dW, Cong thirc Larmor noi rang: v =0, W _ maa (phuong trinh 11.70) Chang ta
c dr dt 67C
cO nght dén mathanh phan clia né bang cai nay khi van téc bang khong hay khéng?

Tot, a® tvong tv o'«,, nhung lam thé nao dé ching ta cé 4-vector tai day? Con »*, thanh

. 2
phan th* khéng clia né ding bang ¢ khi v =0 thi sao? Sau dé thir: K* =g‘;—‘13(avav)n”.

Cé nay cb nhitng thudc tinh bién doi ding nhung chiing ta phai kiém tra n6 cé rat vé

2
cong thirc Larmor khi uaO:d—Wzld—Wzchozicﬂoq a’a,)n’, nhung »°=cy do do
ydr gy y 6rnc Y
dW Il,loqz v , ~ LA e A ~ s = A ~ N N A
F:H(Q av). Chdng ta da biét, chinh céng suat (ngwgc vai cong suat riéng) la mot
7T

dai luvong v6 huédng. Néu diéu nay dard rang tir dau, ching ta phai tim vé huéng Lorentz
kha quét hda cong thirc Lorentz.

Trong bai tap 12.38 (b), chling ta d&tinh (a"«, ) theo van téc thuong va giatéc:

(va)

a'a, =y {az + G '_Uz)] =7° [3272 +C—12(v.a)2}
A e R P |

Béy gi0: va=wva cosd, & day: ¢ lagoc tao bdi v vaa, do do:
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v*a?-(va) *=v*a’ (1— cosz) =v%a’sin?0=|vxd.

:

J, do la cong thire Liensard (phuong trinh 11.73)

vxa
C

a'a,=y° {az -

vxa

AW _ e s 2
dt 6rzC

Bai tap 12.70:
(8) N6 mau thuan v6i diéu kién rang budc »,K* =0 (phuong trinh 12.38(d)).

. R L. L, - M . 14
(b) Chung ta muon tim 4 vector b v@i tinh chat (dd“ +b/’};ﬂ =0. Con b* = k(dda m]ﬂ”
T

T

da*
T

u u
+b"]¢7" :ddoi' 77”+kd;; ?7"(77”77#). Nhung 7*n, =-c*, vi vay diéu

thi sao? Thé thi (

14

# v ~ = N
nay tré thanh: [dj‘ n”]—czk[dd“ an, no bang khdng, néu ta chon k=1/c?. Didu ndy cho
T T

da* idav
dr ¢ dr

2
thdy: Ky, =49
y rad 67Z'C[

nvn”j. Cha y rang »“=(c,v)y, Vi vy, cac thanh phan
khong gian cta b* triét tiéu trong gi¢i han khdng twong ddi v ¢ vacdng thic nay 8 tré
thanh cdng thirc Abraham-Lorentz .

da” , dn, da”

n,+a =0, do dé: va
dr dr

[Ngau nhién, o'z, :0:>d1<0/77v)20:> n,=-a'a
T

tir d6 b ¢ thé dugc viét —C—];(avav)n”.]

Bai tap 12.71:

Xac dinh dong dién 4-vector nhu trugc: j2 =(cp,,J.), va dong tir theo cach tuong tuw

e

Ji =(Cpmim)- Cac dinh luét co ban la:

OF* = 11 d

e’

0,G" =%J;, K* =(qu*” +q—é"G‘”j77V.
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Cong thirc dau tién cho VE=(1/&,)p, V& VxB = uyd, + te,0E 1 0t, nhu trude (trang 539);
S6 hang thit hai cho: V.B=(u,/c)(cp, )= tepn VA —(1/c)(oB/ot+VxE)=(y,/c)d,, hoac:
VxE=-uJd_-0B/ét (tbng quat hoa trang 540). Bay la nhitng phuong trinh Maxwell voi

dién tich tr. S6 hang thir ba (theo Iap luan trang 540) cho chiing ta

K]‘:L[E-F(UXB)] +%|:_—C(_BX)+L(_EJ+L:|[5J,
J1-u?/c? *C|\1-u?/c? J1-u?/c?\ ¢ ) J1-u?/ct |\ C
1

< :W{%[EJF(WB)]+qm[B—C—12(u><E)}},

Hodc F=q,[E+(uxB)]+ qm[B —C—];(UX E)] la dinh luat lwc Lorentz suy rong (phwong trinh

7.69)
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