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PHYS 600 — HW3 SOLUTIONS
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PROBLEM 1 (a) the transformation of a vector u(x) (having the covariant coordinates u,) is ug' = a))(('ﬂ Uy,
- = ' 'ﬁ
while the the transformation of a vector v(x) (having the contravariant coordinates v#) is v # = 66))(0 vy
. 9 xH dxP A XM
Then ug' v B = u v = u, v\ =u, v
A axB " gx ax " K
oxt o0x ox* dx”
b)if S, (x) =S,,(X)then S,3' (x") = , — S, (X) = — —— S, (X) = Sg," (X'
(D) 1T Sy (X) yu (X) 5 (X)) axaaxﬂﬂ() 35X 5P u (X) ga (X))
ox* adxv ox* dx”
c) ifA,, (x)=-A,,(x)then A" (X') = — —— A, (X)) =——— ——A,,(X) =-Ag,' (X'
(c) TA, (X) wu (X) s (X)) 6xaaxﬁ“() X7 58 u (X) ga (X))
AxX® dx”
vy n o B
PROBLEM 2 (a)T' ) (x') = TR T 2(x)
(b) suppose that we apply a second transformation x' —» x".Then
AxXY ax"” AX* axY Ix* 9xP AxX® dx”
TuVXll= T'px'z T'BXZ T'BX
p (X7 IOX"H 9xP L) OxX'H gxr ox'*r OxB a () ax"H O xB a ()
(if we transform directly x —» x" , we'll obtain the same result)
AXY 9x" AxX® ox”
c¢) if T and S are tensors then their components will satisfy T ' 7 (x") = T BoxyandS' 7 (x") = S B(x
(©) p YT L0 = o = 5 T EX) L= o = S )

Ax® 9xV
OXH 9 xB

Therefore aT' ] (x)+bS' ] (x)= @T20+bSP(x)
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V1-p2
The Lorentz transformations are
X1'=yX1=B&), Y1'=Y1,Z1'=21, &' =y(E1—BXx1) and Xxo'=y(Xa— L&), Vo' =Yo, 22" =22, &' =y (2 — B X2)

PROBLEM 3 (a) 8= % y = &= ct, obviously y2— 242 =1

() (X2' = X1+ (2 = Y1)+ (Z2' — 1) = (&2 = &1)% =
(y (X2 = X1) = By (€2 — &) + (V2 — Y1)2 + (Zo — 21)? = (y (€2 — 1) — By (X2 — X1) )?
= (Y2 = B2Y?) (Xa = X1)? + (Yo = Y1)? + (Z2 — 20)% = (¥ = B2 ¥P) (E2— 1) = (X2 = X1)? + (Y2 — Y1)? + (22 — 24)% — (€2 — &1)?

. 1 .
(c)if B=tanh (u)theny = = cosh (v) and the Lorentz transformations become

1 —tanh?(u)

xq' = cosh (u) x1 —sinh (U)&1, y1'=y1, Z1" = z4, &' = cosh (u) &4 - sinh (u) x

(d) using the notation x4 =ict =ifandx* = (x, y, z, Xa)!
x'=cosh(ux+i sinh(Uyxy, y'=y,z'=2z, x4'=cosh(u)xq—1i sinh (u)xy

x' cosh(u) 0 O i sinh(u)\( x cos(iu)y 0 O sin(iu)\( x
: : . y' 0 10 0 y 0 10 0 y
I’l: M v = ==
In matrix notation  x A X" or S 0 0 1 0 S 0 0 1 0 S

X4' —i sinh(u) 0 O cosh () J\ x4 —sin(@u) 0 0 cos(iu))\ x4



