Physics 8012
Problem set 7, due on 11/17/08
Lam Hui

In this problem set, you are asked to verify that the appropriate gauge transformation
from a general harmonic gauge to the transverse traceless (TT) gauge is accomplished by
the projecting operation defined by Carroll.

We are interested in a plane wave traveling in vacuum. In harmonic gauge, the solution
to Dﬁij =0is

Bij = Cijeik-z (1)

where Cj; is a constant matrix, k- = k,z", k27£ kyk# =0, and fLW =hu — %nwh. First,
show that by the harmonic gauge condition 0*h,, = 0, we have

Boj = —niﬁij N FLOO = nmjﬁij (2)
where n; = k; /w, with w being the energy of the graviton (i.e. k -z = —wt + k;x?).
From this, show that
1 oy
hoo = §(nmj + dij)h"
hoj = —niﬁij
1 1 =
hij = (8ipdjq + géijnpnq - §5ij5pq)hpq (3)
Note that even if h?? were independent of direction (i.e. n'), as in the case of the

quadrupole formula, h;; is direction dependent.
To transform to TT gauge, we need to find £, such that

h;{g = huw + 8M€V + 51/5# (4)

where hy,,, on the right is in general harmonic gauge, and h-!" on the left is in TT gauge i.e.
BT = hET = BT = K RIT = 0,

Show that
1 Tij
f() = m((sm + nmJ)h
1 1 1 = pq
& = o —Nplgi + Zniépq + e h (5)
would do the job.
Finally, show that
1 _
hijt = <Pipqu - §Pijppq) h*? (6)

where P is exactly the projection operator used by Carroll:

Py = b — nin; (7)



