PROBLEM SET 1 SOL

due: Monday, Feb 2, 2009, at the beginning of lecture

Problems

(1) Consider the choice of units where Gy = i = 1 but not ¢. Recall that in the SI units, we have

(a)

(2) It is

[h] = kgm?/s

[Gn] =m®/kg/s”

Write down the time dependent nonrelativistic Schroedinger equation (in the spacetime position basis)
for a point particle wave function (¢, Z) of mass m in the presence of a central gravitational potential
due to a point mass M > m fixed at the origin.

answer

1= M
V= Ty = iy
2m r

What is the power n for the units distance™ describing energy?

answer

Energy has units of kg m?/s? in SI. Since I must recover this unit by multiplying by appropriate [A]
and [Gn]Y to distance™, I write the equation

xT

l=2—-y
2=2x+3y+n
—2=—-x—-2y
One can easily solve for n to be
n=—5/3.

Suppose you are given that one eigenenergy of the system has the value Ej in the present units. What
numerical value must be multiplied to Fy to conver the energy value to a Joule?

answer

Since z = 4/3 and y = 1/3 in the previous part, we find

Ejoute) = Eoh"GY%, = Ep(1.1 x 10734)4/3(6.7 x 1071)1/3.

Hence the numerical factor is 2 x 107%%, assuming lengths were originally measured in meters.
easy to see that
€ik0; A = (V x A);.
Prove the identity
€ijk€lmk = 0il0jm — Oim0j1

answer
Start with the first case

€12K€12k = €123€123 = 1.
Hence, we might guess
€ijk€lmk ~ 0il0jm

However, this term by itself does not become negative under exchange of the indices ij. Hence, anti-
symmetrizing in ij, we find

€ijk€lmk = 0i10jm — Oim0j1

which is also automatically antisymmeterized in Im exchange.
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(b) Use the index notation to show that
V x (VxA)=V(V-A) -V?A

answer

€ijk0j€uimOlAm = €k05€mr0iAm
= (0a0jm — 0im0j1)0;01 A,
= 9,V -A- V4,
(3) Verify that the proper homogeneous Lorentz boosts

. v—1
Alj :(Sij—l—vivj( 7 )
Aoj = Yv;
satisfy
Ny = NapAA7
answer

Qxy = MapA A7 = oo A’ A + i AT AT
Since @y = @~ and since we already worked out Qgoin class, we need to only work out the 9 remaining
independent components. Start with
an = WOOAOZAOn + niinlAjn
v—1 v—1
= _,721}[’()" + 6ij (5zl + UivlT)((Sjn + ’UjUnT)

-1 -1 —1)?
= _’YQUlvn—i_(énl"'Unvl’va +Ulvn702 + Vg &l 2 ) )

-1 241-2
= _IYQUlvn + (5nl + 2vn'Ul 7@2 + vvy, (’y 02 7) )

-1 241
= —7vvn + (6 + 2000 —5 + Uzanz))
v v

- 0 2
= 6nl+vnvl[ﬁ+?_’y ]

Now, using
1 1—(1—2?) 02
2 2 2
1= 1= - -

v 1 —2 1 — 2 1—2 1Y

we find
an = 5nl
Finally, we write
Qo = n0oA%A% + ;AL A

= —Ul,-yz —+ 513 ((;’Ll + ’Uﬂ)l%)’)”l}j

= —uy¥+yw+uy(y—-1) =0

Hence, rest of the 9 components were confirmed.



