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Er=Ei+Ex+--; pr=m+mpm+--; pr=v(pr-pEr/c)=0=>p=v/c=pre/Er.
v=C’prfE1'=|r=’(m+p:+-"Jr’(E1+E2+---)-]
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12.34

First calculate pion's energy: E? = p?c® + m%c* = fmc* + m%e* = £m?c' = E = Imc®,
Conservation of energy: amc2 =FEs+Eg o O B |
Conservation of momentum: 3mc? = pa +pp = %4 - £2 = dmc® = E4 - Ep A% .
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12.35

Classically, E = }mv®. In a colliding beam experiment, the relative velocity (classically) is twice the
velocity of either one, so the relative energy is 4E.

g Let S be the system in which (@) is at rest. Tts
& . S
G E E o) OR—=0) ;l:eeds v, relative to S, is just the speed of @
S S

= ~(p° - fp') = £ = 4 (£ - fp), where p is the momentum of @ in .
E=yMc, 50 7= 55 p= —YMv = —yMpe; E =+ (£ + pyMPe) c = 1(E + yM3?).
Yedpsl-fodhsf=l-k=250 B b+ () - 1M

o syt onpod
E-—"q—:+ M2 B ME Mc

ForE:SDGeVannd2=lGeV,wehaucE=Q@-—l:l&‘)ﬂ«—i:=

pod_d_ms g (_1_) -4 2u. &
dt  dt \/1-u?/c? V1-u?/2 (1~ u?/c?)3/2
B m u(u-a)
T /1= a+(‘32'"2)}- L



v :nu’fc" [a+:‘£u a)]ﬁQ(E+uxB)=>a+(‘l£u :'*‘j) mV1-w/E(E+uxB)
204,
Dot in u: (u.a)"'czag_uzjr)cz)—u u;fcg] \/ ~w/u-E+u-(uxB)f;

=0
o (uéu_:ﬂ}) = r%‘” *u‘jc’-l»l—(%@. Soa= %\/I—uzfc"[E+ux B - CL:“("“EJ]' qed
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Yy
. . . . 1 gags L
(a) Fields of A at B: E = ;2-943; B=0. So force on qg is |F = E—d-z—y. "73‘:"“—
_q._.}___. -
A
¥
b) (i) From Eq. 12.68: |F = —T—q—ﬂ?. (Note: here the particle is at rest in §.)
dmey d?
qu 1 (1-v*/c*) 1
- . E qa\l —v/C g =9 JA.
g g, 12.92, with 8 =90°: F = . =
o = {ii} From Eq. 1 wit E= Tre (1 - 2JPP @ = g &

(this also follows from Eq. 12.108).

B # 0, but since vg = 0 in &, there is no magnetic force anyway, and |F = 19498

¥ | (as before).

12.48

(a) Making the appropriate modifications in Eq. 9.48 (and picking § = O for convemence),

E(r,y,z,t) = Ep cos(kz —wt)§, Blz,y,z,t)= % cos(kz —wt) 2, wherek = E

(b) Using Eq. 12.108 to transform the fields:

=~ E, =0, B,=7(E,-vB.)=E [cos(k: sctfl] = Ecos{ka: - wt}] = aFy cos(kz — wt),

B.=B,=0, B,=%B;- % w) = 1Eo E cos(kz — wt) — c—vz-cns(k:r -wt}] = a% cos(kz — wt),

_ vy _ jl-wfe
where a:-;(l c)- l+vch




Now the inverse Lorentz transformations (Eq. 12.19) = z = (2 + vl) and t =1 (:'+ .:33), 80

kz - wt = [k(z + o) —w (T + %E)] =7[(x- %)p(u_;w)f] =z —of

where (recalling that k =w/c): k=1 (k = %) = k(1 = v/c) = ak and @ = (1 ~ v/c) = aw.

E(,7.50) = Bocos(kz 009, B(#,5,5.0 = 22 cos(lz - D)2,
Conclusion: - 1-ufc
‘where Bo = aEy, k=ak, @=ow, anda= i
= !1 —ufc ;i r ; 2r _2m _ A :
Do=w T ‘This is the | Doppler shift | for ight. A = i aad ey ‘The velocity of the
i S Wy _ W _ ® i ; L
wave in §is 7 = 2“.\ =3 =[] this is exactly what [ expected (the velocity of a light wave is the

same in any inertial system).

2 _ 1-v/e
1+v/c

(d) Since intensity goes like E? the ratio is .‘i; =

&)
.

Dear Al,

The amplitude, frequency, and intensity of the light wave will all as you
run faster and faster, It’ll get so faint you won’t be able to see it, and so red-shifted even your

night-vision goggles won't help. But it still be going 3 x 10® m/s relative to you. Sorry about
that.
Sincerely,

David

12.51
FHF,, = FOOR00 _ pO1 01 _ p02 02 | 03 503 _ pl0 g0 | p20 £20 30 ;30
TE F“F" + Fleﬂ +F13F13 +F21F21 +F221;Q'.' +F23F23 % F:Il F:!l +F:!2F52 +F33F33
= ~(Ez[c)? — (Byfc)’ - (Ezfc)* — (Ez/c)* ~ (Ey/c)* — (B:/c)’ + B + B + B} + B; + B} + B;

which, apart from the constant factor -—f,, is the invariant we found in Prob. 12.46(b).
]E"'G,, =2(E?/ - Bz)l (the same invariant).

F¥Gu,

~2 (FOIG® + FG™ 4 FOGY) 42 (FGY 4 FUGY + FOG)
= 21884 15,8y + IBB,) QBB+ (-B)(E /) + B(-Eu/o)]

2 2 4
= _E(EB)_ E(EB)= —E(EB],

which, apart from the factor —4/c, is the invariant of Prob. 12.46(a). [These are, incidentally, the only
fundamental invariants you can construct from E and B ]
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8.,F"“' = ‘JDJ"- Differentiate: 8,.8.,}‘-"“’ = ma”,f"'.

But 8,8, = 8,0, {the combination is symmetric) while F¥# = - F¥ (antisymmetric).

o 0,0, F# = 0. [Why? Well, these indices are both summed from 0 — 3, 50 it doesn’t matter which we
call p, which v: 8,8, F*" = §,0,F"* = §,0,(-F*") = ~8,8,F**. But if a quantity is equal to minus itself,
it must be zero.] Conclusion: 8,J" = 0. ged
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i z (p = magnitude of 3-momentum

In CM: oO— +0 in CM, ¢ = CM scattering angle)

‘,H
After

Outgoing 4-momenta: r# = (-‘E,pcosqt,psinqﬁ.ﬂ); st = [%.-—pco@cﬁ, —psing,0).

FH
In Lab: o— 0 @ Problem: calculate 8, in terms of p, ¢.

Before ¥
Lorentz transformation: 7, = y(rz — Br0); 7y = ry; 82 = 9(sz — Bs°); §y = 3.

Now E = yme?; p = —ymv (v here is to the left); E? — p?c® = m%¢*, 50 § = - 5.
sFz =7 (pcose + %‘%) =p(l + cos ¢); 7, = psing; 3. = 1p(l — cos¢); §, = —psing.
o R 7'p?(L = cos? ¢) — p?sin’ ¢
75 th?pf(z +cos)? + p? sin? @] [1?p*(1 — cos @)? + p*sin® @]
_ (2 —1)sin’ ¢
B \/[71{1 +cos ¢)? +sin” ¢] [y2(1 — cos $)? + sin” ¢]
(-1 - ol =)
\/[TE(H—MQ)Q i 1] [.r:(l-_a.w..!)’ iy 1] \/,(-y?cot’ £21)(12tan* § +1)

sing sing

cost = : “ (where w = 7% — 1)
ﬁ +cot? £ +weot? £)(1 + tan? 2 + wtan? 2)
e w . wsin%mf
Vies § +weot? §)(sec? § +wtan’§) /(1 +weos? §) (1 +wsin® §)
_ lzusinqé _ sing
ﬁ + w(1 + cos¢)] [1 + Jw(l — cos ¢)) \/[(5 +1) +cos¢] [(2+1) - cosg]
sin¢ sing 1

N \/(E +1) ~cofd Vi + 2 +sin’¢ T VUE(r/sing)
sind = ;;;—; 7= ;‘,(1 +w) = G,—gw-y’, so tanf = F,_—Thm

: 2¢?
Or, since (y2 =1} =9* (1 = -?1'-') = 725' tanf = w’:in¢'

4 4
where 72 = — + —.
() W
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(a) A* = (V/e, Az, Ay, A;) is a d-vector (like z# = (ct,z,¥,2)), 50 (using Eq. 12.19): V = (V 4+ vA.). But
V =0, and ( \

; _ o (mx r):

bomla P

Now (m X F)z =myZ — m.§ = myz — m.y. So

v Ho (myz — m:y)
4r A ’

Now Z = y(z — vt) = yR;, § =y = Ry, Z = z = R,, where R is the vector (in §) from the (instantaneous)
location of the dipole to the point of observation. Thus

V:’r

2
7= R+ B + B2 = 92(R2 + B + B2) + (1= 7")(R} + R2) = 7*(R? - S R*sin’ g)
(where 8 is the angle between R and the  axis, so that R} + R = R?sin*§).

Ha W(myRa —m,!&)
V== i butv.(mx R)=v(mx R); =v(m,R. —m.R,), so
4m Q3 pa(1 - % sin? 6)*/? : ’ ’

_ e v (mxR)(1- %)

V= ;
4T Ra(1 - 4 sin?6)**

1 R-(vxm)(l1-2%)

or,usingpo=;°—l,_.yandv-(mxll)‘-:ll-(vxm): V= 57

" dme AR ]~ 5539’8)

(b) In the nonrelativistic limit (v? < ¢*):

1 ﬁ-(vxm}_ 1 R-p
4neg  CR? " 4meg R? '

v X m
o2

V= with p =

which is the potential of an electric dipole.



