MARK SCHEME AND SOLUTIONS FOR Q3

Total marks =10

A a)  Av=ae” cos(wt+ ¢),08=e""=u=45x10"s".  [0.1]
b)  v=(E/p)*=(7.1 x 10'°/2700)* = 5100 m.s™".

At fundamental A,,; = 4/ =4 m.
f=5100/4 =13 x 10’ Hz.

w=2a=8.1x 10 rad:s™. [0.1]
C) U:f)]vroda 6)]vrod / )]vrod = (_)6]‘/](‘ = 4/l [08]

o = 1L (). [0.6]

0 =1x(50x10°/1.3x10%)=3.8 x 10° m. [0.1]
d) Change in gravitational force on rod at a distance x from

the free end = mAg and m = pxA4,

where A is the cross-sectional area of the rod. [0.5]

Change in stress = mAg/A = pxAg. [0.5]

Change in strain = 0(dx)/dx = pxAg/E;

that is, dx — (1+ pxAg/E )dx = Al = (0Ag/2E)P. [0.5]

e) At fundamental A,,s = 4l = Al = AA.7/4,

for Adyoq = 656 nm/10* = Al = 656 nm /(4 x 10%). [0.1]

Al = 656 nm /(4 x 10%) = (0Ag2E)P [0.1]

Al =(2700x 107/ 14 x 10" P = [=92x 10" m. [0.1]

B a)  mct=hf=>m=hflc, [0.3]
hf” = hf - GMm/R, [0.3]

= hf’=hf (1 = GM/R), . " =f(1 = GM/Rc?). [0.4]

b))  nm=c/c(l - GM/r?), [1.0]

n, =1+ 2GM/rc?, for small GM/rc*; ie. a=2. [1.0]



Sun

Diagram
By Snell’s law: n(r + 8r) sin 8 = n(r) sin (0 — 3E),
(n(r) + (dn/dr) dr) sin 8 = n(r) sin 6 — n(r) cos 6 JE.
(dn/dr) or sin 8 = — n(r) cos 0 OE.
Now n(r) = 1 + 2GM/rc?, so (dnldr) = = 2GM/c*F,
and (2GM/c*r?) sin 0 & = n(r) cos O SE.
Hence 85 = 2GM/c**) tan 0 (8r/n) = (2GM tan 0 /c*r%)dr.

Now 7% =x* + RZ, SO rdr = xdx.

2GM ¢tan6dr 2GM ctanbrdr 2GMR ™7 dx
J-d§= 2 J- 2 = 2 J- 3 = 2 _;[(x2+R2)3/2
E= 4;;]‘24 radians = 8.4 %10~ radians.
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