2017 HCI Prolim 9749 P3 Suggested Solution [ )] (i) | Based on your answer in (b), determine the drag force on The b3l 0.5 s after leaving | [2]

the thrower’s hang

Section A
Netlorce FuW o F, = ma

|
!
B IRE W Y - — e ! ‘ Frag = ma=my = (0320)(170) - (0.320)(9.81) [1) Working)
l " ] z ' ! “=2J0N ) [1) (Correct answer)
Acceleration is the rate of changa of veloGly with respect 1o trme | | | | '
. — _ I | [ | ’ Drag force = N
(1) Use your definition in (a)(1) and the oetinton of sverage veiotty 10 show that for | 3] | oo - R
constant acceleration v\ «u’ « Jas whers « Me firal veltity, » & e wmaal | [ e ) £ Expian why the bme taven 1o reach maximum height is less than the time taken on [2)
velogty, a the acceleration and 1 the time imseryal L i ‘ | 10 Wity Gown o e fvower's hend
. i f ‘ f Wemout ¢fag force, the speed of the ball on returning to the thrower's hand Is the
For constant accoloration @ = - . i l ! ‘ | same a3 the inisal speed when the ball is thrown upwards. With drag force, energy
1 | 1 : '! v s loss to the environment. Hence the speed on raturn s less than the speed of throw,
- ‘ | Therofore e average speed on Ihe way up s larger than the average speed on the
The displacement is given by s « ('—‘! ): laverage velouty & fime) . | f way down. (1] age Yy up (] ge sp
: [ | | 1
f‘ { I | The distance wavelled on the way up and down is the same. For the same distance
Rewriting, we get i ."_') ! ang i 1| ! Waveiled. the tme taken is inversely proportional 1o the average speed. Therefore
' ' 2 3 ‘ ‘ ‘ ; 1“ e Lrme taken 00 the way up must be smaller because Ils average speed |s larger.
o= 24)[) | L "
(Vi) — |- | ] i f
2 i ! i i]
2asw(v=u)(veu) ‘ || l;
Hence v' wu' + 2as i
(b) | () | State the time at which the ball reaches &5 mavmum feght T
Times 118 :
(b) [ (1) | Determine the acceleraton of the ball 0 & § afer leavng Te Bromers hand A
Determine the gracient of graph st t = 0 5 5
AcCeier ation = 17ms? ms®
|
1 2
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213 1() | ommGPE B

: @ \ \
=mph { aticr Tar Te Szl mas ©
, iU angular speed is CeterTired Sy Fe car
:'On;'b.('::‘l ! ‘c) The £ at the oo e ret forse 8 Te SiremLm e & W Tl oy
)0 8BS0 win 30 0° (1) | contact with where
! =083 ") l \‘ the weight of the dall
| mg=mrw
1 ] | lest=085w (1]
1| ) | Asthe dall tals, & loses pravitationa! potential energy 10 maintain constant 1 | | w =340rads-t (1] o —
| | | anpuiar velacity and 1o prevent the kinetic energy from increasing, the work done | '
% | | by the electnc Mot must be negative (1) 1o remove the energy from the system (
! |
L(m) " Work done = - 1oss in GPE= - 0 834 J [1] -\m \
‘ |
') ‘(4’) \mmmmSmmdonedwde in Fig 2.1 the position of the ball.
{

Sketch the subsequent path taken by the ball after the glue snaps.

|
|
|
|
1
|

a i i -

|
|

|
| | 11 S 2t e bottom X
{ \l‘l] 22t is tangent 1o the circle at the start, and curves parabolically downwaras. |
| |

1
|
B

“ () | By Newton's 2 law,

F o 0N te ball = max glue tension - weight = ma. \
£.50-0.200(8.81) = 0.200(0.850) 0’ (1)
w=620rads’ (1)
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cylinder for states A, B and C.

‘ 3 ‘ (a) \The table below shows the pressure, volume and temperature of the ideal gas inside the metal

Explain why the pressure for states A and D are the same )]

The pressure in the gas i1s given by the sum of the atmosphenc pressure and the
pressure due to the combined weight of the piston, connecting rod and platform
Since these components are the same for both states A and D, the pressure for State
D is therefore the same as that for State A

(1) | Complete the table by filling in the volume for state D o TR

103 0990 202
103 1197 353
102 1.209 38

olo|o|>

Table 31

—

- | _laemGas ]
| State | Pressure (kPa) _ “Volume (%) | Temperature (%) ||
102 1.000 202 __l }

Pressure /kPa
Ing|
. ] H
t 1]
e 1
— 1
T } B C J])
103 FEEHTRT Siszzs
T1 1! 1
1 i
e 4
M . |
1 1 A |
1T 1
,1 -
=
Tt
'} .-
1 44
102 o asa
A 0
0.95 1.00 1.05 1.10 1.15 1.20 volume / m?

Fig. 3.3
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)

Mark and label state D on Fig. 3.3 and draw the process lines joining state C to state D

to state A.
State D plotted correctly to accuracy of half the smallest square.

(1

(i

Hence, using Fig. 3.3, estimate the work done by the ideal gas in one cycle

Workdone Is area enclosed by the graph
w =(103000- 102000)(1.209 - 1.000) (1) (Working)
=209J (1) (Correct answer)

Recognise that the enclosed area is approximately a parallelogram. Alternatively, area
can also be obtained by counting of squares.

WorkDone= __ 2004

12)

()

By considering the kinetic energy of the ideal gas in the metal cylinder, cetermine the

amount of thermal energy, Q absorbed by the gas from the heat reserveir as it goes from
state Bto C. (

For ideal gas, the internal energy equals its kinetic energy.
Internal energy at B,

Since PV = nRT, the internal energy is U =%nRT=§Pl’ )

The change in internal energy from B to C,
AU =%[(103><I0')(l. 197)-(103x lo‘)(vouo)] =31982J/  [1)(find change in U)

Based on the First Law of Thermodynamics

Q=AU-W = 31982-[-(103x 10')(1. 197-0.990)] [1) (1* Law of Thermodynamics)
=53303J [1] (correct answer)

(4

=29 L 100%=065%
2190

U]

Determine the efficiency of the heat engine.

Output energy «100%

Efficiency =
) Input energy

U
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Blecinc held strength 3t a point s the electnc force per unit positive charge ona
stavonary positive small test charge placed at that point.

U]

|
-

X

{5) | @ | Netforoe in the verncal direction = 0

T oosal’ =mg
(0.250)(9.81)
b cos 40°

T=32N

)

1

|

Gain in kinetic energy = loss in graveatoral PE - lcss m gecrC sz 1 !

=m

(i) | 1. Netforce in the horizontal direction = 0
TsindD" = gE
(3.2) sin 40°
12 x10-? 1
E=170Vm" 1
2. E=A4Vidx
4V = EAx =171 x0.70 sin40" | 1]
=77V 1
(i) 1]
40"
9

29J

QAR + GELs
(0.250)(3 8140 70) * (G O12U T TUD 70 ek

W0
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\S \(I) i \very highvinfinite resistance for negative voltages up 1o about 0 4V "31

resistance decreases from 0 4 V R -

e Sy

i

© () TR=122/36=400 ) . U
- |
1=P/V=36/12230AaNdR=12/30%400

\ \ Yu)r-vu-m-os-zsma o Esvsdbe@en  TEv

=38(379)0 ot Re3B0

(1) FE 1 1
\ Power dissipated across filament lamp = (2 B)7 (3 70) = 20 7w

|

|

®) | Tinmal straight ine from (0,0) Into curve wilh deceasing ars TERIR

h *CIeanng grags \

\ \ b 0 0ragent but not 1o ' MY
__Lrepeated in negative quadrant | A

> 0

.

Power supplied by cell = (2 8)(12) = 33 8 W

Percentage of power supplied by cell Gisspated aoross De Harent |
=(20.7/336) x 100% (1)
=884% (1)

3

1

magnetic flux

i ' itude of the Induced e.m.{. is
6 Faraday's Law of Electromagnetic Induction states that the magn
! d-rc::uyypfoponlor\al to the rate of change of magnetic flux Ilnggge or the rate of cutting of

) | (1) | When the coil rotates, the area of the coil thatis perpendicular to t.he horizontal component
! l of the eanh's magnetic field (8») changes. Thus there is a changing magnetic flux linkage

| in the coil B1 i
b i By Faraday's law of EMI, an e. m {. of magnitude directly proportional to the rate of change
i | of magnetic ux linkage will be induced in the coil. B1
| OR '
| | As the coil rotates at a constant speed, it cuts the magnetic flux due to the earth's magnetic
| fela B1
E By Faraday's law of EMI, an e.m.(. of magnitude directly proportional to the rate of change
' | of magnetic flux will be Induced in the coil. B1
W] ,
! "
'—: Bs
i «-——
l R
| | [N
|
! 1 Top view
| | \ | of coil
1' | Magnitude of e m ! ¢ = dd/dt = d(nBaAsind)/dt = d(nBAASINWI/DE = wnBAACOS Wt
‘ || Since @ is sinusoidal, ¢ is also sinusoidal
| S “ MY AT
! _: | () | @ = v =200 110‘1(3500)(0‘250) =2222rad s’ X
L ) | Gines ® NeAB, B1
T [0 % tmadeABa = 15 x10°7222 2 X107 x1.5 x 10° = 450 trms Al

(w) | The 100 which holds the cups is rotating at right angles to the vertical component of the
t Eartn's magnetc field, and therefore is acting as a crude form of spinning Faraday’s disk.
| The em 1. is established between the centre and either ends of the rod, hence there will

| be no potental difference across the two ends of each metal rod during rotation at-
| ‘ maxmum speed

12
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10.4x 107 _ 633 x 10°%(2.95)
5 - d
d=28.98x 10 m = 0.898 mm o

f

= ]
"]

(ii) Any of 3 below:
« Greater angle for bright spots (principal maxima)

Section B
%7 [@ [ [ r=1/T=1/050=2.0Hz [A1
(W 2, ot <[ PAG
a=-0X >0 =|—=
(229) "
262
__)4”2f2=(£ﬂ)_>p=4ﬂ'fm "
m Ag 1
47%(2.0)%0.032
=——"1———=1226kgm™
4.2x107(9.81) 4 A1
(i) . ) 1
The energy of the oscillations is gjven byimwzx2 , where x is the M1
displacement from the equilibrium point.
1 1
Ei =5mco’x§ = 50.032(471’2.0’)(—1 5)?=568x10"J "
1 .
Episos = —Z-mwzxfso = %0.032(4::’2.02)(—0.65)’ =1.07x107* J
5.68x10™ J-1.07x10™* J A1
% loss = =81% loss
. 5.68x10~ J ’
(iv) | As the liquid is more viscous, greater damping forces will act on the tube.
More negative work done by the tube against these forces per oscillation.
M1
Hence, the tube oscillates with much less energy in this liquid. qurgy is
directly proportional to the square of the amplitude. Therefore, the tube
osclllates at smaller amplitudes. M1
AD
(b) | (i) | The amplitude of vibration is the same at all points in a travelling M1
(progressive) wave but it varies with position in a stationary wave, from M1
zero at nodes to maximum at antinodes.
The energy is being transmitted in a travelling wave however it is stored/not | M1
transmitted in a stationary wave.
(ii) | Shape X: Sine wave with less amplitude M1
Shape Y: Horizontal line M1
Shape Z: Negative sine wave with less amplitude M1
(¢) | () |5 fringe separations = 10.4 mm
L
a4y = T
M1

» Less number of bright spots M1
» Greater intensity at bright spots M1
» Greater distance between subsequent bright spots M1
i €0 60 [
8 @M Co - Ni+ e+ y 2
27 28 -1
[B1] for e. [B1] for the other 2,
(ii) Number of nuclei in 1 g of C0-60 = -61—0 x6.02x10% [M1]
=1.003x10% !
(iii) A=IN
In2
= 1. 2
5272 266x 2476060 00> X 10 at}

=4.182x10" Bq

radiation power = (4.182x10"*)x 2.8
=1.171x10® eV
=187 W (A1]

12

(b) | (i) | A packet of electromagnetic radiation energy of (1]
energy > 100 keV OR wavelength < 10 pm. 1]

2

(ii) | Method 1
he

E=—
A

(1.3x10°)(1.60x10°®) =

-4 S
(6.53.x 10 A)(3.o x10°) (M1)

13

A=9.5625x10" m

2

14
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h (663x10™) _ __ .‘
p=;-;.5#i10_‘);=6.93110”kgms (A1)

Method 2

From A=% and E=h—;,we obtain £ = pc

p=§=(1.3x10°)(1.60~1o %
c 3.00x10°

=6.93x102 kgm s

By the mass-energy equivalence principle, the mass of the excited nucleus
has more energy and therefore larger mass than the nucleus in its ground

(1) | When the nucleus de-excites from a higher to lower energy level, a gamma photon
of energy equal to the energy transition is emitted (B1)
Since the energy levels of the nucleus is discrete, the emission spectrum is a line [2)
spectrum  [B1)

et

state.  [B1) [3)
]
(c) | (i) | Energy of beta-particle=2.8-2.5=0.3 MeV (M1]
-4 L]
(6:63x107)(3.00x10°) _ (5 3, 10)(1.6x 10"
A
A =4.14x10" m [A1) 2]
4
(il) | Beta-particles knock the innermost shell electrons out of the lead atoms, creating
vacancies in the innermost shell. B1)
When electrons from higher shells cascade down to fill the vacancy, X-ray photons
with energy corresponding to the energy transitions are emitted.  [B1) 12)
]

(iv)
1.
Nucleus Energy Levels / MeV
A
25 E4 (Ni-60 Excited State)
A .
22 E3 :‘
T Y, '
13 E2 j
YG 74 75 !
|
2
0 E1 (Ni-60 Ground State) I
|
2,
AE = Am¢?

(25x10°)(1.60x107"°) = Am.(3.00x 10°)*  [M1)
Am = 4.444x 107 kg
=0.0002677 u

At excited state
m =59.93079 + 0.0002677 = 59.93347u [A1]

15

16
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