a) Ax;= ae™ cos (wt + ¢),08=e""" = u=45%x10"s",

b) v=(FElp)* = (7.1 x 10'/2700)* = 5100 m.s"".
At fundamental A,,¢ = 4/ =4 m.
f=5100/4 =1.3 x 10'Hz.
@=27f=8.1x10"rad.s".

c) O = fArods Ohvoa | Aroa= (=)0l 1] = /L

: ol = L (/).

[0.6]
S =1x(5.0x10713%x10)=3.8x10"m.

d) Change in gravitational force on rod at a distance x from
the free end = mAg and m = px4,
where A is the cross-sectional area of the rod.
Change 1n stress = mAg/A = pxAg.
Change in strain = &(dx)/dx = pxAg/E:
that is, dx — (1+ pxAg/E Ydx = Al = (pAgRE).

c) At fundamental A,y = 4l = Al = Adwnd4,
for Adys = 656 nm/10" = Al = 656 nm /(4 x 10%).
Al = 656 nm /(4 x 10%) = (pAgRE)l
[0.1]
Al =(2700x 10"714x 10" F = 1=9.2x 10" m.

a) me = hf = m=ht/ ¢,
[0.3]
hf' = hf - GMm/R,
= hf" = hf (1 - GM/RC), .. [ =1 (1 - GM/RcP).

b) n=c/c(l -GMrY,
ne =1+ 2GM/uc, for small GAre™: ie. = 2.



Sun

Diagram
By Snell’s law: n(r + 8r) sin 8 = n(r) sin (0 — %),
(n(r) + (dn/dr) 8r) sin 6 = n(r) sin 6 — n(r) cos 6 &¢.
(dn/dr) r sin © = — n(r) cos 6 6Z.
Now n(r) = | + 2GM/rc’, so (dntdr) = = 2GM/Er,
and (2GM/c*r?) sin O 8r = n(r) cos 0 8E.
Hence 8% = (2GM/cY7) tan 0 (8r/n) =~ (2GM tan 0 /ci*)dr.
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Now r~ = x~ + R, so rdr = xdx.

j dé = 2GM .[tan alr  2GM Itan bhdr _ 2GMR f dx

r.’- CZ (x2 +R.7'.)312
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re c o
4GM )
¢ = - 13 radians = 8.4 x10°° radians.
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