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1 Evaluate w,. [2 Points)

2 2 —8,n—3 . —ISJC 2 2
w2 = e (2 x 107 7m"7){1.6 x 10 )F = 63505 x 1075 —— (1)
Meeg  (9.11 x 10731kg)(8.85 x 10-12.2) m2kgF
. o2 »
Units : 1—m2ng =1ls (2)
— .0007969H z (3)

2 Find the phase velocity vyn. [2 Points]

So we begin by looking at the dispersion relations we've been given w? = w2 + k?c?

w w3 + k2c2 /
Uph:E_ /d2+k2C2_ +C2 (4)

3 Find the group velocity v,. [2 Points]
dw d 1 kc?
= = — .2 2,2 — (2 2,.2y-1/2 2y_ _ R
vy = 1 dk,/wp—kk c 2(wp+k c“) (2kc*) i (5)
\V ¥p
4  Find the time difference in arrival times of two pulses moving through interstellar

space with w; = 1GHz and w; = 2GHz. [2 Points

First we begin by putting the v, in terms of w. We use v, because this is the speed at which a
pulse will travel.

k 2
Vg = (6)

\Jwa + k2c?

2_ 2
We now solve for k using the dispersion relation and plug into (6). k = VG

c

2 —wlc \/;Z—;)-Z / wp 1)

We now use our last equation for v4 to find the time difference in arrival times of the two pulses
across D = 3 x 102", Now we just use D = vgt.

t1: is the time is takes the pulse at 1 GHz to travel D.

t2: is the time is takes the pulse at 2 GHz to travel D.

-1/2 o\ —1/2
D D D wy \ 2 :
At:tl_tzz_:_:D<L:L>:_ (1_<ﬂ>> _<1~(2>>
Vg1 Vg2 Vg1 Vg2 C w1 Wa



Now the trick here is that if we were to calculate this outright, it would extremely small. Best
thing to do to get an answer that makes sense is to taylor expand our group velocity such that
{(1-x)"=1-—nzfor zr << 1. Since wp << wier2 then this approximation will work very well.

ol (2103 22 (] -2 - ()]

(3 x 102°m)(6.35 x 10~5H22) 1 1 .
- - =2.3814 x 10" Seconds (10
2(3 < 10%) (10°Hz)? ~ (2 x 107Hz)? x econds  (10)

9  Telesco Gpe has 305 m diameter. Find the angular resolution of the telescope for
the 1 GHz Pulse [2 Points]

w=2nf=2n (le) (11)




