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speed of light in free space,
c =300x10"ms’

permeability of free space,
.7 B
Ho = 4nx 10 Hm

permittivity of free sp‘azce.
&= 885x10 Fm
¥ B

= (1(36m) x 10°Fm

-1

elementary charge,
e = 160x10"°C

the Planck constant,
h =663x10>Js

unified atomic mass anstan!.
u = 1.66x107 kg

rest mass of electron,
me = 9.11x 10" kg

rest mass of proton,
m, = 167 x 107 kg

molar gas constant,
R = 831JK mol’

the Avogadro constant,
Na = 6.02 x 10° mol

1

the Boltzmann constant,
k = 138x10°0K

gravitational constant,
G = 667x10"" Nm’kg®

acceleration of free fall,
g =981ms”’

uniformly accelerated motion, s=ut+ E'aﬂ

2 2
v =u +23s

work done on/ by a gas, W=pav

hydrostatic pressure p=pzh
gravitational potential, ._Gm
r
temperature TK=T/C+273.15
N
pressure of an ideal gas P= 3—‘Vm <>
mean kinetic energy of a molecule of an idsal g=s
= ng
2
displacement of particle in s.h.m., X=x.snet
velocity of particle in s.h.m., v=v;Cos of
= 2oy -1
electric current I=Amg
R= R! * F\’ﬁ o JEER

resistors in series,

resistors in parallel, IR =1UR - 1UR~ .

electric potential, V= _‘_O_
alternating current / voltage, X =x,sinot
magnetic flux density due to a long straight wire

pl
B=r"
2=d

magnetic flux density due to a fiat circutar coll
uN?
r

magnetic flux density due to a long solenoid
8= pn!

radioaclive decay, X =X exp(-AL)

decay constant, A= 1"'_2
1

2
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Section A

Answer all the questions in the spaces provided.

1 (a) () Define acceleration.

.......................................................................... M
()  Use your definition in (a)(l) and the definition of average velocity to derive an
expre'sslon for v in terms of u, a and s where v is the final velocity, u is the initial
velocity, a the uniform acceleration, ¢ the time Interval and s the distance travelled.
(2]

(b) The graph of Fig 1.1 shows the varlation with time of the velocity v of a ball of mass 320 g from
the moment it is thrown with a velocity of 20 m s™ vertically upwards to the moment It returns to

the thrower’s hand.
velocity /m s’
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State the time at which the ball reaches its maximum height.

(b) ()
imes.........cecveeeeceeee 8 [{1)
(1)  Determine the acceleration of the ball 0.5 s after leaving the thrower's hand.
'
acceleration= ..........._.____ms® [2]
' ()  Based on your answer in (b)(il), determine the magnitude of the crag force on the

ball 0.5 s after leaving the thrower's hand.

dragforce= ............ceceo ... N Bl

(lv)  Explain why the time taken on the way up to maximum height is less $han De time
taken on the way down to the thrower's hand.
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2 Asteel ball of mass m = 200 g is fixed. usin lue, to one end P ight rigi igi
mass as shown in Fig. 2.1, daxe, end P ofa lightigid fod CP of negligible

The rod is rotated by an electric motor in a vertical plane about end C so that the ball moves in a
vertical circle of radius 85.0 cm with constant angular velocity w.

(@) () Determine the loss in the gravitational potential energy of the steel ball when it is being
rotated from the position 30° above horizontal, P, to the horizontal position D.

loss in gravitational potential energy =
@

Hence, explain whether the work done By the electric motor on the rod and the ball is
positive or negative when the ball is moved from P to D.

R T IL R R LT R R TTRRR T ITR
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(iii)  Slate the work done by the electric motor on the rod and the ball when the steel ball is
being rotated from P to D.

work done by electricmotor=..................J 1]

(b) The angular speed of the rod and ball is gradually.increased until the glue fixing the ball
snaps. The glue snaps when the tension in it is 8.50 N.

(i} Mark with the letter S on the dotted circle in Fig. 2.1 the position of the ball where the

glue is likely to snap. Sketch on Fig. 2.1 the subsequent path taken by the ball after
the glue snaps.

2

() Calculate the angular speed of the ball when the glue holding the steel ball to the rod
snaps.

angular speed of the ball = ..............ecuvenene. rads' [2]
(c) The steel ball is replaced with a hollow box containing a small steel cube. The hollow box is

permanently fixed to the rigid rod. The small steel cube is free to move inside the box as
shown in Fig 2.2. The mass of the small steel cube is 50 g.

‘
small steel ,’
cube .’

Pl
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7 '8
Determine the minimum angular speed, wo, at which the steel cube remains in contact with

the edge E of the box all the time. 3 Fig. 3.1 shows a simple heal engine. A load on the pb"...am 5 rased ad :.-aary gaTed grartatoray
+ potential energy when gas inside the metal cyfincer is heated Dy e heat reseny. In 033 way, Sermal

energy is converted into mechanical energy.

==« platform

frictionless movable pisicn

metal cylinder filled with fxed amourt of 22l gas

heat reserveir
WIO'= viivistnsanivmnnsnrsnss rads' (2]
Fig. 3.1
In one cycle, the heat engine goes through the states (A -8 =C =2 —4) M rownnFg 12

State A State B State C ‘—)1 S D
Initial State Loading Lifting | Uncadrg

No Load with Load withLoad | o Lo

return to initial state
Fig. 3.2 one cycle of the heat engine
TO N2 19302017 0 Prelim Bxam
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(a) Table 3.1 shows the pressure, volume and temperature of the Ideal gas inside the metal cylinder
for states A, B, C and D.

| Ideal Gas
\ Stale Pressure (kPa) Volume (m?) Temperature (K)
{ A 102 1.000 292
( B | 103 0.990 292
\ c | 103 1.197 353
{ D | 102 353
Table 3.1

(1)  Explain why the pressure for states A and D are the same.

() Complete Table 3.1 by filling in the volume for state D.

2]
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(b) The P-V graph (Fig. 3.3) below illustrates the cycle of changes of pressure, volume and
temperature undergone by the fixed mass of ideal gas inside the metal cylinder from slate

A lo state B to state C.

Pressure /kPa
1 > 8 1 1 1
 {
] D 6
1 B c i
103 . - HHH
1 1 1 { 11 L1l
Nt )4 2311 ) 1 1 LELTE
1l TLITT L : 8 T
1 T 1 1 T L1
) | ) I BEEESEEEE DI 1l
) 1 3 jEReEEEN 11
1 T 1T 1 | T T
1 ) 1 LEELY L
L 2 ELLE d
L] ¢ 1
1] 1
) |
1 1
|
102 I
A
1 -
0.95 1.00 1.05 1.10 1.15 1.20 Volume/m?
Fig. 3.3

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

() Hence, using Fig. 3.3, eslimate the work done by the ideal gas in one cycle.

WOTK ONE = ..vvvevereiscirnnennesinnnns J 2
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1"
(c) By considering the kinetic energy of the ideal gas in the metal cylinder, determine the 4 (a) Define electric field strength.
amount of thermal energy, Q absorbed by the gas from the heat reservair as it goes from
Sta‘e B lo C' ......................................................................................................................
....................................................................................................................... 1]
(b) A small charged sphere of mass 250 g and charge 12 mC is suspended between two
parallel plates with a potential difference set up between them. The angle of Inclination to
the vertical is 40°, as shown in Fig. 4.1,
+
Q= i J [4) Fig. 4.1
()  Show that the tension in the string Is 3.2 N.
Q)]
() 1. Calculate the electric field strength between the plates.
electric field strength = ... vm' 2]
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2. Given further that the | ing i
e
diference the sphers mngth of the string is 0.70 m, Calculate the electric potential 5 The variation with potential diff
oves through between positions A and B. Sige potential difference (p.d ) V of cusrers /for a AT OLT s § rowe o
12,0 o
3 ==
Tt
FHH 8. O HH
IimA R HHEH
6.0 SEN1 PunsEs,
. -] | I ENSEENNSNNNENNENERE B Jilirl
potential difference = .................... vV [2 HHHH ==
” Hll LLLLELEEET Y disdidld
(i) The string is cut at the position shown on Fig. 4.1. Draw on Fig. 4.1 the path the T o
sphere takes until the point it exits the plates, [1] !
2.0 :
(lv) Use energy considerations to calculate the gain in kinetic energy of the sphere when H
it exits the electric field. 0 sus|
-05 0 0.5 1.0
viv
Flig. 5.1
(a) With reference to Fig. 5.1, describe the variation of the resistance ¢f the Scoe Setweem
V=-05Vand V=08V.
.................................................................................................... —
(b) On Fig. 5.2, sketch the variation with p.d. V of current / for a Sament =g Numercal
values are not required. =}
gain in kinetic energy = ........c.ccoveieiiiniiennn J [3] ,
.
00 v
)
Fig 5.2
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(€) () Afilament lamp has a power rating of 36 W when the p.d. across itis 12 V.
Calculate the resistance of the lamp when the p.d. across itis 12 V.

resistance = ... o [

() The filament lamp in (c)(i) is connected in series to a switch and a power supply of

electromotive force (e.m.f.) 12 V and internal resistance 0.50 Q as shown in
Fig. 5.3.

The switch Is closed and the current in the lamp is 2.8 A. Calculate the resistance of
the lamp.

resistance = .......ocociviiinienniennn, Q 2]

() Hence, determine the percentage of the power supplied by the cell dissipated across
the filament lamp in the circuit in Fig. 5.3.

percentage of power supplied = ... 2

9749 H2 Physics / P3 /2017 / Prelim Exam
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6 (a) State Faraday's Law of Electromagnetic Induction.

(b)  Ananemometer is a gauge for measuring the velocity of the wind. It is made by attaching
cups lo each end of a metal rod 50.0 cm long fixed rigidly to a central vertical column which
can rotate freely. A square vertical coil of side 10.0 cmis attached to the column, as shown
in Fig. 6.1, and the wind speed Is measured by finding the e.m.f. induced in the coil.

By

B.
Fig. 6.1 B

Assume that the horizontal B» and vertical B. components of the earth's magnetic field B
are 1.5 x 10° Wb m? and 5.5 x 10°° Wb m? respectively.

(i)  Explain why an e.m.f. is generated when the coil rotates in the earth’s magnetic field.

©H Hwa Chong Institution 2017
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()  Explain briefly why the em.f. is sinusoidal wh

en the anemometer rot i
constant angular velocity w. ates with

(lii)  1f the maximum wind velocity to be measured is 200 km h™', find the angular velocity
of the rotation of the cups, .

(V) State an expression for the maximum e.m.f. induced, &max during rotation of the coil

interms of @, Ba, n and A where nis number of turns of the coil and A is area of the
square coil.

(v) Hence calculate the number of turns of the cail, n, if the maximum induced e.m f. is
15 mV.

(vl) Briefly state and explain if there will be any potential difference across the two ends
of each 50.0 cm metal rod during rotation at maximum speed.
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Section B
Answer ONE of the two questions in this section in the spaces provided.

7 (a) Atube, sealed al one end, has a uniform area of cross-section A. Some sand is placed in
the tube so that it floats upright in a liquid of density p, as shown in Fig. 7.1. The lube has
total mass m of 32 g and the area A of its cross-section Is 4.2 cm?.

liquid
surface
area of
cross-section
A

Fig. 7.1

The tube is displaced vertically and then released. For a displacement x, the acceleration a
of the tube is given by the expression
a= —(ﬂ)x
m

The tube experiences damped oscillations in the liquid as shown in Fig. 7.2.

where g is the acceleration of free fall.
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(1)  Detlermine the frequency of the oscillation,

(b) () Describe the difference between a travelling wave and a stationary wave In terms of
their amplitudes of vibration and energies.

frequency = ... HZ (1] L s
() Calculate the density of the liquid. ST e creeees
........................................................................................ vreirrennennenenes [3)
(1) A stationary microwave Is formed between a microwave source at A and a reflector at
B, as lllustrated in Fig. 7.3.
A B
density = ... kg m? (3)

() Calculate the percentage loss of the energy of the oscillation during the first 1.50
seconds.

Fig. 7.3

Attime t = 0, the standing wave Is at its amplitude position as shown by the solid line
in Fig. 7.3.

Sketch on Fig.7.3 the shape of the wave
1. when t = T/8. Label this wave as shape X.
2. when { = 3T/4. Label this wave as shape Y.

3. when t=57/8. Label this wave as shape Z.

(3]
(¢)

A student wishes to measure the separation of two narrow parallel slits.

A beam of laser light of wavelength 633 nm is directed normally at the plane of the

slits. The light emerging from the slits is viewed on a screen placed 2.95 m away from
the slits.

The tube Is now placed in a liquid which is more viscous. It stars to oscillate from the Part of the fringe pattern observed on the screen, together with a measurement for the

same displacementat t=0.00 s. » - ‘ width of some fringes, is shown in Fig. 7.4.

Explain in terms of energy changes why the amplitude of oscillation in this liquid :

decreases more over the same period.

energyloss=___ % (3]

(v)

10.4 mm

Fig. 7:4 (not to scale)
(2]
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() Determine the separation, in mm, of the slits.

slit separation =

(i) The student wishes to compare lhe fringe pattern with when an identical beam of light
passes through a diffraction grating of 100 lines / mm under the same conditions.

State three changes the student will observe.

9749 H2 Physics / P3 /2017 / Prelim Exam
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Cobalt-60, an Isotope widely used in medicine, decays by emitting an electron (B~ decay) with a
half-life of 5.272 years Into an excited slate of nickel-60, which then de-excites very quickly to
the ground state of nickel-60 by emitting a number of gamma photons.

(@) (i) Complete the nuclear equation for the Co-60 decay belows.

60
Co - Ni+ e+y
2

2]
(i)  Determine the number of nuclei in 1.00 g of (_'.‘obalHiO.

Number of nuclei=...........c.eoeooeeeo . 0]

(iii) The total energy released in each Co-60 decay is 2.8 MeV. Hence, show that the
initial radiation power for Co-60is 19 W g".

2]
(b) The emission spectrum of the gamma photons emitted due lo the de-excitation of
nickel-60 are shown in Fig. 8.1,
0,
100% ¢ S E=EI==== —
0 o 1
T 10% - — ——
c T
] EEE == =
o B = 1
& Bl 0 0 R 2 B !
§ 1o |
g SSE==e===
E o B S EemSammmms
u i 3 - [T B W
i) HNEREERAREN
01% —_— =] — —3 ¥ ]_ _;:m' 7{’_“‘7 _‘l:_
E==Es SRR REEs === ===
N B P i {  po
2 A1- ‘ [ % T EE
HREN BN AN
0.0 1.0 20 30
Gamma Photon Energies (MeV)

©2 Hwa Chong Institution 2017

Fig. 8.1
9749 H2 Physics / P3 /1 2017/ Prelim Exam

CamScanner


https://v3.camscanner.com/user/download

23 N 24
(b) ()  Explain what is meant by a gamma photon. (iv) The energy levels of the nucleus of nickel-60 are shown In Fig. 8.2.

............................................................................................................... 2 / r
........................... 2 25 E4 (Ni-60 Excited State)
.................................................................................... [2] P
W) Calculate th iated wi >
(i) alculate the momentum of gamma photon associated with spectral line ya. o2 T3

>
o

g 13 E2
(=
w
E

K Ye Ya
Q
i z
0 E1 (Ni-60 Ground State)
Flg. 8.2
1. Thereis a missing energy level in Fig. 8.2. With reference to Fig. 8.1, draw and label
the missing energy level, and fill in the transitions corresponding to y1, vz, and ys.
momentum = ..., Ns [2]
(i) Explain why Fig. 8.1 provides evidence that the nucleus has discrete energy levels.
[2]
2. The rest-mass of the Ni-60 nucleus at the ground state E1 is 59.93079u. Calculate
------------------------------------------------------------------------------------------------------- the mass of the Ni-60 nucleus at its excited state E4. Explain the principle behind
your calculation.
............................................................................................................... [2)
L}
L]
MASS = teivrieieeeeennnenenns u
............................................................................................................... 3]
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(¢) Co-60 sources are often kept in lead contain

ers. The interaction between the B particles
and the lead atoms give rise to Bremsstrahlu

ng and characteristic X-ray radiation.

() By considering the energy of the @ particles and an excited nickel-60 nucleus,
calculate the cut-off wavelength of the Bremsstrahlung radiation,

wavelength = ...................... m [2
(Il)  Explain the origin of the characteristic X-ray.
..................................... .
End of Paper
9749 H2 Physics / P3/ 2017 / Prelim Exam
O Hwa Chong Institution 2017 7 y:

A% CamScanner


https://v3.camscanner.com/user/download

