1121/1131 Question 1 T2 2012

a)i) s=4(02+1=1m

ii _ ds _ -1
) v="9 = 8tms
_ d’s _ 2
iii) a =z =38ms

b) Convert the speed to SI units:

50km/hr = 32<10° — 13 91

Constant acceleration:

t=2=1398=17Ts

c) m:x0+vot+%at2
=1+0x8+44x8x17°
= 13m

d) i)

V (tangent to curve)

. , )
ii) ae =4 = % = 6.4ms 2 towards the center of the curve

e) i) At the same velocity as the car, at a tangent to the curve followed by the car:
v=13.9 ms'! (vin diection shown in diagram above)

ii) Yy = %ath
— 2y __ 2x1.4 __
:>t_,/?y_1/§T—O.538 ,
iii) T = vt =13.9 X 0.53 = 7.4m

iv) Uy =ayl =9.8x0.53 = 5.2ms~!

v=,/v2+0v2=1+1392+5.22 = 16ms~? "

®)

A\ 4

To work out direction need to calculate 6

_ Yy __ 5.2 v,
tan 6 = v, — 13.9

0 = 20.5° below horizontal



Q2

i) If non-conservative forces do no work, mechanical energy is conserved.
ii) If external forces are zero (or provide negligible impulse), momentum is
conserved.

iii) At the point of maximal compression (or minimum length) of the spring, its
length is instantaneously not changing, so the relative velocity of the two masses is
instantaneously zero. Hence the two have the same x component of velocity, call it v;.

Here, no external forces in the x direction, so momentum is conserved.
Considering the initial state and that at maximal spring compression:

px conserved: mvp = 2mvy.

SO vi = vof2 (only 1 mark for guessing this)
Here, there are no non-conservative forces so mechanical energy is conserved.

E conserved:  Uigitial + Kinitiat = Utinat + Keinal
2 e 2 2 2 2
Yimvg = %*2mv, +%kx" = mv, + Ykx
2 2 2 2 2
Yemvgy = m(vp/2) +¥kx = mvy /4 + Yekx

mve/d = Vikx
X = "n—l'v
V2% Vo

iv) Here, there are no non-conservative forces, and no external forces in the x
direction, so both mechanical energy and momentum are conserved.

Considering the states before and after the collision:

px conserved: mvy = mV +mv (D \ P
E conserved: Uhnitial + Kinitiat = Utinal + Kinai o Ep el T
0 +Ymvg" = 0+ %mV> + Ymy° @)
(DgivesV = (vg — V) substitute in (2) gives
V02 = (vo —V)2 +

2 2 2
vg = vg —2vvpt+2v

0 = ~2vvo+2v°

0= Ev(v—vo)

So either v=0 or v =w
and (respectively) V=vgor V=20

v) There are two solutions. If there really is a collision, the velocities will
change, so the first solution above (v =0 and V = vp) applies. The second solution (v
=vg and V = Q) corresponds to the case where the objects miss each other, so
momentum and mechanical energy are both conserved.



vi) If the system comprises N particles with masses m; at positions 7, the centre of

N N
2 mik; 2 m;r;
=1

mass 1s a point whose position is rey = iTVI OR rem =
2m
i=1

vii)  Teking time derivatives of the expression in (vi) and noting that the masses are
constant:

total mass

Apply this to the condition before the collision and we have

2
E m;v;

- mvp + 0

2
Emi 2m
i=1

Apply this to the condition of maximum compression gives

Yem = ""21— = ZZLHZI = vy and, substituting from part (iii)
xm
i=1

vcm V0/2

viii) Newton's second law for an extended object or system is

Fext = (total mass)agy Here, the external force is zero so the velocity of the
centre of mass is constant.
OR

Newton's first law for an extended system is that, if Foyt = 0, the velocity of the
centre of mass is constant.

OR
Some other equivalent statement.



iif)

2 . . .
a = Vg /1g its direction is towards the sun
. . 2
centripetal acceleration of v /re or etc.
2 . . .
F = GMMg/1e with direction towards the sun OR

. . 2 . . .
centripetal force of magnitude GM¢M./r,~ or equivalent in vector notation.

Combing the two previous results with Newton's second law gives:
F = GrMSI\/Ie/re2 = Mea = Mevezlre
SO GMMe/te = Meve2
so Ko = YMeve: = GMMy/2re
Ue = — GM Mg/t
hence Eg = — GMgM/2r,
AE = Enow — Ethen

= Upow T Know — (energy in carth-like orbit) + energy to get far away from

earth but into such an orbit

vii)

= — GMm/D + %my” + GMgm/2r, + GMym/R,
(not including the last term loses only one mark)

head-on collisions (in the astronautical sense) with Jupiter and Saturn (in 1979
and 1980)



Question 4 1131 T2 2012

5% 9.8

m = 1.58 x 105PCL

mg 5
— =1.17x 10
A A
iii)  quickly = adiabatic

PV7 = const

_Cp R+3fR 5
T Cy %fR 3
PV = Pyl
1.17 x 10° x (0.20 x 12.00 x 1074)%/3 = 1.58 x 10° x (h; x 12 x 1074)%/3
(h x 12 x 107%)%/3 = 8.8635 x 1077
hy x 12 x 107% =2.004 x 1074
hy =16.Tcm

iv) PV = const
PV, = P;V;
1.17 x 10° x 0.20 x 12.00 x 10™* = 1.58 x 10° x hy x 12 x 1074
hy =14.8cm

. dT
b) i) P = k:A|%|
P is constant along the rod

70 — 45)
P = 10 x 1074 (70— 45)
= 385 x 10 x 10™* x 100

(45 — 15)
Ly

= 9.63W

ii) 9.625 = 50.2 x 10.0 x 10~% x
Ly = 0.156m

c)i) AEFE;,; =0 as isothermal

ii) AEmi=Q+W
W = 0 as volume does not change
AFE;,; = —233kJ

i)  Weoa=AEncsa— Qesa
Qc— 4 = 0 a adiabatic

AEinic—sa = —(ABinta—B + ABinp0)
as no change in internal energy over cycle

= —(0—233)
— 233k.J
Weoa = 233kJ

Alternatively could use W = — / PdV and integrate the expression.
This takes longer.



PHYS1131 Exam 2012-T2

Oscillation question [25] marks

(a) (i) Atthe moment of release:
EF = —-kx = ma

125 x0.687 =5.0a

85.9

50
(ii) the period of oscillation for the spring system:

T=2n\/5=6.28x ﬂ =126s
k V125

(iii)  The work done by the spring between x = 0.687 and 0:

=17.17 =17 2m/s*

0.687 1
W=Fx= [ kedx=—kx*=295]
g 2
(iv)

1
=—=0.794 Hz
T

2T =2.52s
displacement x = 0.687cos(2mft)

displacement =/m

0.6
0.4
0.2
time /s

S B.5 1.5 2/z25
-0.4
6

Small damping (b = 0.35 - not for marking)

displacement X /m

0.6
0.4
0.2

W1 1 s 2 5oime/s
0.4

|
o
™




(b) (i) If the path difference results in two periods arrival difference for the
wave trains from each source, it must be two wavelengths long (leading
to constructive interference)

S2P -SIP =13-12 =1m
thusA=1/2=0.5m

v=»M
_ Y30 200 He
A 05

(ii) For 1.5 periods difference, the new path difference must be 1.5
wavelengths long (which does lead to destructive interference). Both distances
S1P and S2P will increase by s1 and s2.

(S2P +52) —=(SIP +s1) =0.75 eqn(1)
from Pythagoras :

(S2P +52)> =25+ (SIP +s1)> eqn(2)
(S2P +s2) =12.75 +s1

Substitute into eqn(2)

(12.75 +s1)> = (12 +s1)* +25

which can be solved for s1

The answer is then 12 +s1

First find s1:

sl=£=4.29z4.3m
0.75

new distance from S2: 13+s2=12.75+4.3

new distance from S2 =17 m

(c) Have to do (i1) before (i) to find the train speed.

(ii) If the frequency appears lower to the observer, the source and the observer
must be moving away from each other: their velocities will be negative

f,=(v+vo)f
V-V,

558 = 340-10 x 600
340 + x
X = 600 x 330 =340 =14.8 ~15m/s
558

(i) Train moving away from stationary observer:

oY f o (@)600 =575 Hz
V+V, 355




(111)  Treat the wall as stationary observer: therefore f =575 Hz

The cyclist is moving towards the wall, which has now become a source,
reflecting sound at 575 Hz.

Frequency received by the cyclist moving towards the wall:

f'=(V+V")f =(34O+10) x 575 =591.9~592 Hz
340

\%

Beating frequency: 592 — 558 =34 Hz



