SOLUTION to T1R S2 2000

Question 1 (16 Marks)

(@ Thevelodity is v = % - 1.60(L.30) cos(1.30t - 0.75)cm/ sand the acceleration is

a= %t’ =-1.60(1.30)*sn(1.30t - 0.75)cm’ /s

= - (1.30)%y
Att=0s

Displacement; y=1.60sn(- 0.75) =- 1.60sn 43° =- 1.09cm
Veocity: v =2.08cos(-43") =1.52cm/s
Accderation a = - (1.30)°(1.09) = 1.84cm’ / s

Att=0.60s
Displacement: y = 1.60sn(0.03) »1.60(0.03) = 0.048cm
Veocity: v =2.08c0s(0.03 » 2.08cm/ s

Acceleration a = - (1.30)°(0.048) = - 0.081cm’ /s

(b) A torsona pendulum has a period given by

In the question, atorque of SNm produces a deflection of 12° which gives a pring
congtant, K, given by

__ edemdtoque _ SNm .o
angular displecement 4 0
3600

2

.. .2
_®T 6% _ a®.550 _ »
| = So0h K = S b (23.9) =0.151 kg



Quedtion 2 (18 Marks)

Let source 1 emit wavesin the positive x-direction such that
. Xy
Y1 = YimSN 2pn(t - 7)
and source 2 emit in the negative x-direction:

. X
Y2 = Yom SN 2PN,y(t +72)

Wearetold v=3m/s. x, x, are measured from source 1, source 2 respectively.
Equating y; a x =0to y, and y, a x =0 to y,, wefind

Y, =0.06m n;=n,=05Hz ad y, =0.02m
Superposition of the2 wavesat x; = 12mand X, = - 8m gives

y=y, +Y,=0.069np(t - %) +0.029n p(t - 2)
= 0.06sn pt + 0.02€n(pt - 2—:)

= 0.069n pt + 0.02(sin pt cos%Io - cosptsn %)

= 0.06sn pt + 0.02[sin pt(- —;) - cospt(?)]

= 0.059npt - 0.0173cospt

(b) The sound (pressure) wave is given as

o= 1.59n{[2|—p](x - 3301))



A travelling wave equation in standard form is
—v_dnSpmi. XY
y_ymsngpn( - V)H

with amplitude y,,, frequency n and velocity v. Rewriting the given sound wave in
standard form,

. é 330 X U
= 158N &p==(t - —)q
p gZpl ( 330)H

whence,

(i) v =330m/s,
(i) v=r son =% ~165Hz

(i) amplitude p, =1.5Pa

(iv) a x=1/6m and t=0, by subsituting in,

. € 330,. 1/6U P
=-1539n —(0- —™)g=1.59n—
P P~ (0- 3358 6
= 0.75Pa
Question 3 (13 Marks)

The m" bright fringe due to 1, and the k™ bright fringe due tol , are a positions

Yn = —lmgl ad yg= —Zkzl

For a bright fringe from each wavelength at the same location,

(6)(2)(750x10"°)

. =4.5x10 °m
2x10

and Yo = V8=



=4.5mm

Question 4 (19 Marks)

The diagram required is

Al

We require wavelengths, | , inair (with refractive index) which fal in the visible range
(400nm to 700nm) and interfere firstly, constructively

_ 2(np/ )t _ (2)(1.80/1)(250x10" °)

[
! m+1 m+1

andn=0,1,2,...

or
_900x10°° _ 900nm
m+1 m+1

|, (constructive interference)

for which m=1gives | ; = 450nm (blue/indigo), al other wavelengths are outside the
visible range, and destructively,

_2(n,/ )t _ (900nm)
1 1 1
m+= m+=

2 2

(destructiveinterference)



where m=1 giving | ; =600 nm (orange), is the only visible wavelength.

The medals will appear blue/violet, since light reflected at the red/orange end of the
spectrum will be attenuated and light from the blue/violet end of the spectrum will be
most strongly reflected.

Question 5 (14 Marks)

(@ (i) The polariser reduces the incident intensity | to | =7°. The analyser will transmit

anintensity 14 given by

2 I 2 °
6= I cos’ g =2 00s*30" = 0.375],

(ii) The polariser will transmit an intensity

| = I,co8°q = |,cos” 30° = 0.75l,
which is polarised a 30 degrees to the analyser’ s axis, so that the final transmitted
intengity is

l; =1cos”q =0.751, cos*30° = 0.563l,

(b) Quarter wave plate: For plate thickness |, the optica paths lengths of the ordinary and
extraordinary rays are In, and In, respectively.

The two rays must emerge with a 90° phase difference so theoptica paths must differ by
(k +%)| CWithk=01,2,3...

The minimum thickness is given by

o
—=Il(m -
4 ( n)
0 that
I _ 589x10°

| = = = 534x10 °m=534
An - ML732-1486) oo >







