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speed of light in free space,

c = 300x10°ms*

: . 1,
uniformly accelerated motion, s=ut+—at
elementary charge, 2

2 2
e = 1.60x10°°C V=u +2as

the Planck constant,

h = 663x107Js work done on/ by a gas, W =p AV

unified atomic mass constant,
_ hydrostatic pressure = pgh
u = 1.66x 10" kg Y P P=r

rest mass of electron, _ _ _
a resistors in series, R=Ri1+Rx+...
me = 9.11 x 10 kg

rest mass of proton, resistors in parallel, 1R =1/R1+1/Ro + . ..

m, = 1.67 x 10 kg

acceleration of free fall,

g =981m s”
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1 Which of the following is equivalent to the quantity, 37.86 x 10 MJ cm™*?

A 37.86x10®JIm*
B 37.86 pJ m*
C 3786TJm*

D 378.6 GIm*

2 Which of the following is the best estimate of the population density (population per unit area)
in Singapore?

A 10°km=? B 10%km? C 10*km? D 10%km™

3 A particle has an initial speed v along the 0-x direction as shown in Fig. (a).

Yy A
[
Y
® ’ v
Fig. (a) Fig. (b)
0 > X

After some time, it travels with the same speed v in a direction perpendicular to its original
direction as shown in Fig. (b). Which of the following shows the direction of the change of
velocity that has taken place in this time interval?

e N
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4 A ball moves along a straight line. The variation of its displacement x with time t is given by the
graph. At which point is the acceleration of the ball the greatest?

xim 4

5 The variation with time t of the speed v of a lorry after leaving a petrol station is shown. A car
leaves the petrol station 10.0 s later and its speed-time graph is also shown.

A
v/ms’
30
car
20
7
‘p

10 -

1 lorry

i!

0 = 7.8 >

0 10 20 30 40 50 tl's

At which of the following times would the distance between the lorry and car be the least?

A 200s B 30.0s C 400s D 500s
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6 A hot air balloon ascends from rest with an acceleration of 2.50 m s2. When it reaches an
altitude of 48.0 m above the initial ground level, its ballast of mass 5.00 kg is suddenly released.
Taking g as 10 m s2and ignoring air resistance, what is the speed of the ballast, in m s?, just
before it impacts the ground?

A 358 B 346 Cc 311 D 283
7 A mass m hangs at the end of a rope which is attached to a support fixed on a trolley moving

to the right with a speed v on a horizontal track as shown. The angle, a, is the angle the rope
makes with the vertical.

Which of the following statements is false?
A The angle ais zero when the trolley moves with a uniform speed.

B When the trolley moves with a constant acceleration a, the magnitude of angle a is only
determined by a and g.

C Thetension T in the rope is larger when the trolley moves with a uniform speed than when
it moves with a constant acceleration.

D The ball swings to the right when the trolley decelerates.

8 Agirl, riding in an elevator, weighs herself by standing on a scale that is placed on the floor of
the elevator. The scale reads 65.0 kg when the elevator is moving at constant velocity. What is
the reading of the scale when the elevator is accelerating downwards at
2.00 m s2?

A 51.7kg B 60.0kg C 65.0kg D 78.3kg
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9 Aforce F acts on a 2.0 kg body for 5.0 s. The body moves with an initial velocity of 4.0 m s along the
positive x direction. A graph of the force on the body against time is shown. What is the velocity of the
body at 5.0 s?

F/N
A
4
0 1 2 3 4 5 >tls
-4
A -20ms? B 6.0ms? C -6.0ms? D 8.0ms?

10 A 70000 kg railway gun sitting on the railway platform in contact with the Earth is shown below.

It fires a 500 kg artillery shell at an angle of 45° and with a muzzle velocity of 200 m s*. What
is the magnitude of the recoil velocity of the gun?

A 05ms? B 1.0ms? C 14mst D 28mst
11 Mass M has the same kinetic energy as mass m. The ratio of their momenta Puig
Pm
M
A Mim B c M p M
M M+ m m M

12 Two trucks, X and Y, are held with a light spring between them as shown. The spring is attached
to truck X but notto Y.

3.0 kg ‘ﬂ":“r‘:f’f A 2.0kg
WY

When the trucks are released, X is found to be moving to the left at 4.0 m s™. If the ground is
smooth, the energy, in J, initially stored in the compressed spring must have been

A 24 B 36 C 48 D 60
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13 A hydroelectric power station is shown.

©

14

15

3

N

Power
station

Water is supplied from a reservoir which is 80 m above the power station. The water passes
through its turbines at a rate of 6.0 m3 s™.

Assume that the density of water is 1000 kg m™=.
If the efficiency of the power station is 60%, the electrical power output is

A 0.29 MW B 19MW C 28MW D 4.7MW

The engine of a boat delivers 30.0 kW to the propeller while the boat is moving at a constant
speed of 15.0 m s. The total drag on the boat is proportional to the square of the speed of the
boat. If the boat is being towed at 5.0 m s? after its engine has broken down, the average
tension in the towline will be

A 444N B 220N C 2000N D 3330N

The least distance between two points of a progressive transverse wave which have a phase
difference of %rad is 0.050 m. If the frequency of the wave is 500 Hz, what is the speed of the

wave, in m s1?

A 75 B 150 C 250 D 1670
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16 The graph shows the variation of air pressure with distance along a wave at one given time.
The arrow indicates the direction of travel of the wave.

air pressure

+
: /\ /\F’
normal air pressure -
\/ \_/ distance along wave

The air pressure at point P is

A decreasing B increasing C  constant D zero

17 A point source of sound emits energy equally in all directions at a constant rate and a detector
placed 2.0 m from the source measures an intensity of 4.0 W m=2. The power of the source is
then halved. What intensity, in W m2, would the detector measure if it is now placed at a
distance 4.0 m from the source?

A 025 B 0.50 C 1.00 D 200

18 InYoung’s double slit experiment, the slit separation is 0.960 mm and the distance between the
slits and the screen is 13.7 m. The distance between the two third-order bright fringes is
measured to be 5.00 cm. Determine the wavelength of the source.

A 526x10"m B 584x10"m C 7.00x10"m D 1.17x10%m

19 A B X

I
<+« 9g0mqm —FP¢———— 270mm ——»

A and B are two coherent sound sources which are in phase. Point X shows permanent zero
displacement. From the options given below, choose the sound wave with the minimum
wavelength that can satisfy this condition.

A 180 mm B 90 mm c 60mm D 45mm
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20 Aloudspeaker generating a sound of a fixed frequency is held above the top of a burette filled
with water. The water gradually runs out of the burette until a maximum loudness of the sound
is heard.

Which of the following best shows a possible standing wave pattern set up by air molecules in
the burette at this position?

A B C D

loudspeaker

- = —— e —
- ot e —t — —+ -,
- — — e =

—_—
—_——
—
B R S
o e e e
o A — 4=

21 A stationary sound wave exists in a horizontal tube which is closed on one end and opened on
the other end. The sound wave can be described in terms of the amplitude of oscillation Ax of
the air molecules from their mean positions and of the fluctuation of pressure Ap above and
below the average pressure. Which of the following correctly describes the situation at each
end of the tube when the tube is in resonance?

at closed end at open end
AX Ap AX Ap
A Zero maximum Zero maximum
B Zero maximum maximum zero
C maximum Zero maximum Zero
D maximum Zero Zero maximum
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22 A wave is diffracted as it passes through an opening in a barrier. The amount of diffraction that
the wave undergoes depends on both the

A amplitude and frequency of the incident wave.

B wavelength and speed of the incident wave.
C wavelength of the incident waves and the size of the opening.
D amplitude of the incident wave and the size of the opening.

23 A high potential is applied between the electrodes of a gas discharge tube so that the gas is
ionised. The current flowing in the discharge tube is 8.16 mA and the number of electrons
passing any point in the gas per unit time is 2.58 x 10¢ s,

discharge tube filled with gas

+ -

If the charge on each positive ion is 3.2 x 101° C, what is the number of positive ions passing
any point in the gas per unit time?

A 126x10%s! B 258x10%s?! ¢ 3.84x10*s! D 510x10%st

24 Four different arrangements of identical resistors are connected to the same constant voltage
power supply. An ammeter of negligible resistance is connected as shown in each arrangement.

In which arrangement will the ammeter show the minimum reading?
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25 The diagram shows a network of resistors Ri, Rz and R3; connected to a battery of negligible
internal resistance.

L
R (s

]Rz

[
1
1

|

When the switch S is closed, the potential difference (p.d.) across R rapidly increases to a
steady value.

What happens to the potential difference (p.d.) across each of the other two resistors, and to
the power output of the battery?

p.d. across R p.d. across R3 battery power output
A decreases decreases decreases
B increases decreases decreases
C increases decreases increases
D increases stays the same increases

26 X andY are two coaxial circular coils lying on a table. O, P and Q are three points on the table.
*Q

*P

Initially, there is a constant current in coil X and no current in coil Y.

A small current is now passed through coil Y, which increases the magnitude of the magnetic
flux density at O.

How does the magnitude of the flux density change at P and Q?

P Q
A decreases decreases
B decreases increases
C increases decreases
D increases increases
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27 The figure shows a conductor PQR, carrying a current | and subjected to a uniform magnetic
field.

P\ P R—:
\ / >
N/ >
N/ > .
N ~ Magnetic
0] ~ field

What effect is experienced by the conductor PQR as a result of the magnetic field?

No resultant force and no resultant torque.

No resultant force but a couple is produced.

Net force out of the page and a couple is produced.
Net force into the page and no resultant torque.

o0 w>»
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28 The diagram shows the apparatus for an experiment on the photoelectric effect.

// Radiation
E (C A

|
=i
Monochromatic radiation strikes the cathode C and photoelectrons are emitted towards the
anode A. When a potential difference V is applied, a current | is measured on the very sensitive
ammeter. Data can also be obtained with the polarity of the supply reversed. Using this
apparatus, graph (a) below was obtained. After a change to the intensity of incident radiation,

graph (b) was obtained.
|

(b)

0

0 %
Which of the following cannot be deduced from the graph?

Intensity does not affect the maximum kinetic energy of the photoelectrons.
Photoelectrons are being emitted at a slower rate for graph (b).

The intensity of light is proportional to the current.

Electrons are ejected with different kinetic energies.

OO0 w>

29 The continuous optical spectrum of light from the Sun, observed from the Earth is crossed by
dark lines at particular wavelengths. The photosphere is the outer layer of gas around the Sun’s
core. Which one of the following statements correctly accounts for these dark lines?

A The elements that exist in the photosphere which are hotter than the Sun’s inner regions,
absorb the photons emitted from the Sun.
B The elements that exist in the solar interior absorb the photons emitted from the Sun.

C The elements found in the Earth’s atmosphere absorb the photons emitted from the Sun.

D The elements that exist in the cooler photosphere absorb the photons emitted from the
Sun.

30 A beam of light of wavelength A is totally reflected at normal incidence by a plane mirror. The
intensity of the light is such that photons hit the mirror at a rate n. Given that the Planck
constant is h, the force exerted on the mirror by the beam is
A nhAi B 2nh/A C 2nhA D nh/a

~ End of Paper ~
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Solutions to 2017 HCI H1 Physics Paper 1

11D | 3786%x10*MJcm™ =37.86x10710°J (102 m)™
=37.86x10 x10° x10°J m™
=3.786x10"m ") =378.6x10° I m™
=3786GJm™
2 | C | Estimate the population as 6 million people and the land as 700 km?2.
6x10° 4 -
7x10° km
3 |D
Av
\
4 | B | Greatest acceleration is where the rate of change of velocity is greatest, i.e. where the
gradient of the x-t graph changes most quickly.
5 | C | The distance travelled by each vehicle is given by the area under their respective
graphs.
For both car and lorry, the distance travelled between 0 and 40 seconds is the same
at 400 m.
This means the separation distance is zero at 40 s, which is also the least distance.
6 | B | Velocity at release: v? = 0 + 2(2.50)(48.0) = v = 15.49 m s upward
Velocity on impact: v? = (—15.49)? + 2(10)(48.0) > 34.6 m s* downward
7 | C | Option A: True. At the uniform speed the rope does not experience any horizontal
acceleration. Hence, the angle is zero.
Option B: True. See the working below
T 1
i
al a
I —>
I
W
Tsina=ma
Tcosa=W=mg
tana=alg
Option C: False. Tension is W / sin a when it is accelerates. Tension is equal to W
when it moves with a uniform speed. W/ sin a > W
Option D: True. When the car decelerates, the net horizontal force is leftwards which
swings the rope to the right.
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8 | A | Netforce downward =W — N

65.0(2.00) = 65.0(9.81) — N

N =507.65 N

Reading = 507.65/9.81 = 51.7 kg

9 | A | Impulse = change in momentum = area under graph = -12 Ns
-12 = 2.0v - 2.0(4.0)

v=-20ms?

10 | B | Since the railway platform is in contact with the Earth, the Earth absorbs the vertical
momentum.

Therefore, by PCOLM,

Pix = Pax 1: bullet 2:gun
M1v1C0S45° = myv2
v2 = (500)(200)cos 45°/70000 = -1.01 ms™

11 [ C | KE = p22m

p? = 2mxKE
pu_ M
Pm m

12 | D | By the principle of conservation of momentum,

Magnitude of momentum of Y = magnitude of momentum of X =12 N s
Hence speed of Y =6 m s’

EPE transformed to KE, which is %2 (3.0)(4.0)? + %2 (2.0)(6.0)> = 60 J

13 | C | Raw Power input = Rate of GPE converted to Electrical Energy
~ mgh
t
_pvah
t
~1000(6.0)(9.81)(80)

1sec
=4.7088 MW

: . _ P _
Since Efficiency = p - 0.60
in

Then Pow = 0.60 x 4.7088 = 2.8 MW

14 | B | The driving force by the propeller equals the drag force on the boat when the boat is
at constant speed.

Pengine = FengineV = FdragV
30000 = Fdrag(l5.o)
Fdrag: 2000 N

S|nce Fdrag = kV2
2000 =k (15.0)?
So drag constant k = 8.889

When v =5.0m s?,

Farag = kv? = 8.889 x 5.02 = 222 N

When the boat is being towed at constant speed at 5.0 m s, the drag force equals
the towline tension.
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15 | B | Wavelength = 0.050/(11/3) x 2 m=0.30 m
Speed = 0.30 x 500 = 150 m s*

15 | B | Since we are determining phase difference, it is easier to work directly in x- 0
equation instead of x-t equation.

Determine the phase angle such at X = Xo/2: Xo/2 = Xosin 6 = 0 = sin’? (%) = 30°, 150°

X A
Xo
5 Xo
>
-1/2Xo 0

- Xo

A6 = 150° - 30° =120°

16 | A | The pressure variation “moves” along with the energy, compression and rarefaction
will move to the left.

air pressure

+ R ‘7"
s’ N ’ M P

normal air pressure —= N — - p >
‘v M distance along wave

17 | B | Original: 4.0 = P/41(2.0)?
New: Intensity = 0.5P/411(4.0)?
Intensity = 0.50 W m™

18 | B | 6Ay = 0.0500 m = 6A(13.7)/(0.960x 103)
A =584 nm

19 | C | Path difference = AX — BX =90 mm = (n + '2)A, where n is an integer >= 1

20 | C | The longitudinal stationary wave will form a displacement node at the closed (water)
end and a displacement antinode at the open end (loudspeaker, with vibrating
diaphragm)

21 | B | Concept.

22 | C | Concept.

23 (B |1=0Ql
0.00816 = (1.6 x 109)(2.58 x 10%°) + (3.2 x 10-%)(n/t)
nit = 1.26 x 106 st
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24 | B | Taking V to be the voltage applied,

In both A and C the current is V/R.

In D the current is V/2R

In B the current is %2 x (V/1.5R) = VI3R

25 | C | Effective resistance of entire circuit decreases, hence current drawn from battery
increases - larger power output and larger PD across R.

By potential divider principle, the PD across the parallel branches of R> and Rz will be
smaller than the PD across R3 along before the switch was closed.

26 | B | Since the current in Y increases the magnetic flux density at O, the currentin Y is
flowing in the same direction as that in X. Hence at Q the flux density should also be
reinforced, and the flux density between the coils oppose each other.

27 | B | By Fleming’s left-hand rule, force on PQ is out of the page while force on QR is into
the page.

28 | C | A can be deduced because the saturation current changed with intensity.

B can be deduced from th fact that graph (b) has lower saturation current.

D can be deduced from the slope of the graphs down to stopping potential.

C cannot be deduced because we do not know by how much the intensity as
changed.

29 | D | In the solar absorption line spectra, the dark lines are caused by photons being
absorbed by elements in the cooler photosphere, to excite to higher energy states.

— E}) WSeethis

AR

Outer layers are

Ill:'ém;fr'tifﬁpherﬁ Coaler-- Absort
ortnuUm Photons
Source

30|B | p=h/A
Totally reflected, so change in momentum = 2p = 2h/A
Force is rate of change of momentum = n x 2h/A
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speed of light in free space,

8 -1
¢ 3.00x 10 ms uniformly accelerated motion, s=ut+> at?

elementary charge,
2 2
e = 160x10°C vi=ut2as

the Planck constant,

_ work done on/ by a gas, W =p AV
h = 663x10"Js yag P

unified atomic mass constant,

. hydrostatic pressure p = pgh
u = 1.66x10 kg

rest mass of electron, _ _ _
resistors in series, R=Ri+Rx+...

me = 9.11 x 10" kg

rest mass of proton, resistors in parallel, 1/R =1/R1 +1/Ro + . ..

m, = 1.67 x 10 kg

acceleration of free fall,

g = 981m s’
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Section A

Answer all the questions in this section.

1

(@) Define the ohm.

...................................................................................................................... [1]
(b) An experiment is performed to determine the resistivity p of the material used to
manufacture a wire. The average of the measurements, with their actual uncertainties, are
shown in Fig. 1.1.
potential current/ A diameter of length of
difference / V wire / mm wire / cm
1.20+£0.01 0.29 +0.01 0.23+0.01 42.0+0.1
Fig. 1.1
(i) Calculate the value of p.
P T Qm [3]
(ii) Calculate the actual uncertainty in p.
actual uncertainty = ... QOm [2]
(iif) State the value of p and its actual uncertainty to the appropriate number of significant
figures.
P = o QOm [1]

3334
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(c) The accepted value for pis 4.5 x 107 Q m.

Use your answer in (b)(iii) to distinguish between accuracy and precision.
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2 (a) State the two conditions for equilibrium.

...................................................................................................................... [2]
(b) A uniform rigid rod of mass 30 kg is attached to a vertical wall by a hinge as shown in
Fig. 2.1. The other end of the rod is held to the ceiling by a cable.
Fig. 2.1
(i) On Fig. 2.1, draw and label clearly all the forces acting on the rod. [2]
(ii) Show that the tension in the cable is 127 N. [2]
(iii) Determine the force acting on the rod by the hinge.
magnitude of force = .................... N
direction = ... [4]
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3 In order to investigate the photoelectric effect, a student varied the wavelength of the radiation
incident on the metal surface. For each value of wavelength A, the stopping voltage Vs required just
to prevent electrons from reaching the collector was measured. Two such data are shown in Fig. 3.1.

Vs/V
1.50
X
1.00
0.50 X
0.00
350 400 450 500 550 600 4 /nm

Fig. 3.1

(&) What is the maximum kinetic energy of a photoelectron emitted from the metal surface by
radiation of wavelength 370 nm?

maximum KinetiC energy = .......cocovvininiinenennnn, J[2]

(b) Calculate the energy of a photon of wavelength 370 nm.

energy of photon=................co J[2]
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(c) Using your answers to (a) and (b), show that the threshold wavelength is 560 nm. [2]

(d) Without further calculations, sketch in Fig. 3.1 the graph that the student should obtain at the
end of the experiment.
[2]

(e) The student decided to repeat the experiment by doubling the intensity of the radiation incident
on the metal surface. State and explain whether this change would affect the results obtained
in Fig. 3.1.
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4 A wire-wound resistor is manufactured by winding resistance wire on an insulating former. A
commonly used material for the wire is an alloy of nickel and chromium called nichrome. The
wire is produced by pulling the nichrome through a suitably sized hole. Nichrome is sufficiently
ductile to be drawn into a wire without danger of it cracking or breaking after winding. It resists
corrosion and has a fairly high resistivity. The wire itself must be uniform and thin, and is covered

with an insulating material.

A manufacturer of resistors of this type supplies information concerning them in the form of a
family of lines shown in the graph in Fig. 4.1. Resistors of different resistance Ry, R> ... Rs are

shown by the separate lines.

current /A
)

R1 RZ

R3

1,['10j

Q.30

0.20

R4

0.10

13

0.03

0.02

Qe

0.01

0.003 S g

0.002

0.001

(@)

10 3 100

o]
potential difference V/V

Fig. 4.1

table below showing the resistances Ri, R> ... Rs.

R1=

R2:

R3=

1000 O

R4:

R5=

© g Hwa Chong Institution 2017

300 1000

By choosing some values of potential difference and current from Fig 4.1, complete the

[2]
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(b) Draw two additional lines on Fig. 4.1,

(i) one line for a resistance of 2000 Q,
(i) one line for a resistance of 47 Q. [2]

(c) This particular set of resistors is manufactured so that the resistors can safely be used with
power dissipation up to 1 W. Complete the following table to show the maximum safe
current in the resistors for the potential differences given. [2]

potential difference / V maximum current / A

1000

100

10

1

(d) Plot the points in (c) on the graph of Fig. 4.1. On the graph shade the region of safe use
for all these resistors. [3]

(e) The lines in Fig. 4.1 represent ideal behaviour. Suggest, with a reason, how the line for a
real resistor might differ from the ideal.
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Section B

Answer two of the questions from this section.

5 (a) Three blocks of masses 4.0 g, 10.0 g and 3.0 g move on a frictionless horizontal track with
speeds of 5.0 ms?, 3.0 ms?, and 4.0 m s? respectively as shown in Fig. 5.1. Velcro
couplers make the blocks stick together after colliding.

5.0ms? 3.0ms? 40ms?
4049 10.0¢g 3.0g
Fig. 5.1

(i) State the principle of conservation of momentum.

(i)  Show that the final speed v of the train of three blocks after colliding is 2.24 m s™. [1]
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(iii)  Fig. 5.2 shows the train of three blocks making a head-on collision with a sphere of
mass 9.0 g which is initially at rest and suspended by a stiff light rod pivoted at C.
After the collision, the train of three blocks moves off at 1.12 m s and the sphere
swings upwards.

C
SR
e PASEREN
... \;
\\ /’ ,I
30.0cm :,‘—/
speed =2.24 ms* .~" speed=1.12ms*
. )

1
I‘
[ |
o\
(OI
-ol!ll
w
1
\
\
\
\
\
\
\
______l
1
1
1
1
1
1
1

1

train of three blocks

Fig. 5.2

1. Calculate the speed of the sphere immediately after the train of three blocks
collide with it.

2. The distance from the centre of the ball to point C is 30.0 cm. Calculate the angle
0 subtended by the rod at the maximum height reached by the sphere after the
collision.
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(b)

A car starts from rest and travels upwards along a straight road inclined at an angle of 5.0°
to the horizontal, as illustrated in Fig. 5.3.

A50m

car, '
mass 800kg

—

Fig. 5.3

The length of the road is 450 m and the car has mass 800 kg. The speed of the car
increases at a constant rate and is 28 m s~ at the top of the slope.
(i) Determine, for this car travelling up the slope,

1. its acceleration,

acceleration = ......................... ms? [2]
2. the time taken to travel the length of the slope.

3. the gain in kinetic energy,

gain in kineticenergy = ... J [2]
4. the gain in gravitational potential energy.

gain in gravitational potential energy =

....................... J [2]
339 .
© “= Hwa Chong Institution 2017
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(i)  Use your answers in (b)(i) to determine the useful output power of the car.

(iii) At the top of the slope, the driver loses control of his car, and veers off the cliff as
shown in Fig. 5.4.

5.0°

ground

Fig. 5.4

Calculate the height above the ground the car reaches.

©g Hwa Chong Institution 2017 8866 H1 Physics / P2 / JC2 Prelim 2017
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6 (a) A tuning fork is struck near one end of a glass tube open at both ends. The air molecules
in the tube then vibrate at the fundamental frequency.

Fig. 6.1

(i) Draw on Fig. 6.1, arrows on the five dots to represent the amplitude and the direction
of moation of the air molecules at a particular instant when a stationary wave has been
set up along the tube. [2]

(i) State the phase difference between the vibrations of air molecules along the tube
situated at adjacent antinodes.

phase difference = ................... rad [1]

(b) A two-source interference pattern is set up using monochromatic light of a certain
wavelength. The light passes through two slits a distance d = 0.75 mm apart. A pattern of
light is formed on a screen at a distance D = 2.8 m from the slits. The arrangement and the
pattern seen on the screen are shown in Fig. 6.2. The positions of the dark fringes are

shown.
| |
‘ | |\
source 1 I I\
[ ] "“I- -d- = 9425-m—m ______________________________ 0 |\ dark
_____ = fringes
P
I /
|
(B
< D=28m > | screen pattern

Fig. 6.2 (not to scale)

The central bright fringe is located at O and the dark fringe at X is 5.88 mm from O.
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(i) Calculate the wavelength of the light.

wavelength = ... nm 3]

(i) Describe what happens to the fringes if both slits are covered with sheets of polaroid
and that in front of one of the slits is slowly rotated.

............................................................................................................... [2]
(c) Fig. 6.3 shows two dippers, D and E, mounted on the same vibrating beam. The dippers
touch the surface of the shallow water in a ripple tank. When the beam vibrates, waves
travel outwards in all directions on the surface of the water from each dipper.
vertical I
vibrations
- dipper
D
Fig. 6.3
(i) State the principle of superposition as applied to waves.
............................................................................................................... [2]
(i) Explain why dippers D and E are coherent.
............................................................................................................... [1]
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(iii) Explain why a stationary wave will be formed on the surface of the water along the
line joining D and E.

............................................................................................................... [2]
Fig. 6.4

On Fig. 6.4,

1. draw all the antinodal lines between the two sources,

2. draw one nodal line and label it N. [3]

©g Hwa Chong Institution 2017 8866 H1 Physics / P2 / JC2 Prelim 2017
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(v) When the beam vibrates at a certain frequency, the distance between two adjacent
nodes along the line between dippers D and E is 12 mm. When the frequency of

vibration is increased by 2.0 Hz, the distance between two adjacent nodes is
decreased to 10 mm.

1. Calculate the original frequency of vibration of the beam.

frequency = ..., Hz

2. Calculate the speed of wave travel on the water surface.

3334
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7 (a) A student conducts an experiment to investigate the electromotive force (e.m.f.) E and
internal resistance r of a dry cell using the circuit shown in Fig. 7.1.

Fig. 7.1

Fig. 7.2 shows the variation with current | through R of the product IR.

8 ]
IRIV
6 .y
4 -
2 .
0 | -
0 1 2 3 4 5
I/A
Fig. 7.2
(i) State the relationship between E, r, R, and I. [1]
(i) Use Fig. 7.2 to determine
1. the e.m.f. of the dry cell,
emf. = ... Vo]
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2. the power dissipated in the variable resistor when the current in the circuit is
1.2 A

3. the internal resistance of the dry cell.

internal resistance = .................... Q [2]

(iif) To verify his results above, the student decides to connect a voltmeter and switch to
the circuit. Include on Fig. 7.1 a switch and a voltmeter so as to allow him to
determine either the e.m.f. of the dry cell or the terminal potential difference across
the dry cell. [1]

(iv) State whether the switch should be open or closed when measuring

1. the e.m.f.

2. the terminal p.d.

[1]

(v) The student decides to repeat his experiment by replacing the dry cell with another
of e.m.f. 0.5E and internal resistance 2r. This new dry cell is connected in series to
the original variable resistor R.

On the axes of Fig. 7.2, draw the variation with current | of the product IR for this
circuit.

©§ Hwa Chong Institution 2017 8866 H1 Physics / P2 / JC2 Prelim 2017



20

(b) A light single-turn square-shaped coil PQRS of sides 25 cm is suspended from a well-
insulated spring. The coll is placed half-way in a region of uniform magnetic field of flux
density 2.0 T, as shown in Fig. 7.3.

P Q
8.0A L
A \
S < R
"~ magnetic field
Fig. 7.3

A current of 8.0 A flows through the coil and the spring extends by 10 mm.

(i) Define the tesla.

............................................................................................................... [2]
(ii) State the direction of the magnetic field.

............................................................................................................... [1]
(iif) Calculate the spring constant.

spring constant = ..................... Nm?t [2]

(iv) The Earth’s magnetic field is in the same direction as the applied magnetic field of

2.0 T. Suggest a reason why the Earth’s field does not affect your answer in (b)(iii).

............................................................................................................... [1]

©§ Hwa Chong Institution 2017 8866 H1 Physics / P2 / JC2 Prelim 2017



21

(v) The same magnetic field is now applied towards the right, with coil PQRS fully in the
region of the uniform field and the plane of the coil parallel to the field, as shown in
Fig. 7.4.

P Q >
8.0A 4 4 20T
S < R >
Fig. 7.4
1. Calculate the torque experienced by the coil.
torque = ... Nm [2]

2. The colil is then tilted about the vertical axis and makes an angle ¢ to the
horizontal magnetic field lines as shown in Fig. 7.5.

/{9®Q > 20T
P®/

v

v

Fig. 7.5

Discuss qualitatively how your answer to (b)(v)1. changes.

~ End of Paper ~
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Solutions to 2017 HCI H1 Physics Paper 2

1 | (a) | One ohm is the resistance of a device when a current of 1 A flows through it when the

potential difference across itis 1 V.

[1]

A _(AV+AI+AL+2Ad> _(0.01 001 01 _0.01
PEV T T T )P T

Ap=54%x10"% Qm

1.20 * 0.29 * 42.0 2 0.23

) 4.09 x 1077

(0) | () | _pPL_ 4oL [1]
T A nd?
_ ma?r _ m(0.00023)222 _
p=Ti = T = 409107 Qm 2]
(i) [1]

[1]

(i) [p=(@41£5)x10°Qm

[1]

100% = 8.9 %.

5/41 x 100% =12 %

(c) | Accuracy: Compared to the accepted value, the percentage difference is (4.5-4.1)/4.5 x

Precision: The spread about the calculate value represents a percentage difference of

[1]

[1]




(a) | Net force on a body is zero. [1]
Net torque on the body about any point is zero. [1]
() | (i) (2]

force by
hinge on rod

(ii) | Taking moments about hinge,
Sum of clockwise moments = sum of anticlockwise m0°oments
Mg (L/2 cos 30°) =T x L

T = 30(9.81)(cos 30°) /2 =127 N

[1]
[1]

(iii) | Fy=Mg - T sin 60° = 30(9.81) — 127 sin 60° = 184 N upward
Fx =T cos 60° = 127 cos 60° = 63.5 N leftward

F =+/1842 4+ 63.52 = 195N

_ 1 184 _ .
6 = tan 35 = 71.0

The force is 195 N and at 71.0° clockwise from the leftward direction.

[1]
[1]
[1]
[1]




(@ | MaxKE=1.1eV =1.15x1.6x 10" [1]
=1.84 x 101°J [1]
(b) | Energy = hc/A = hc/(370 x 10) [1]
=5.38x 101 [1]

(c) | By Einstein’s photoelectric equation,
hc/ho = energy of photon — max KE of electron [1]
=(5.38 - 1.84) x 101°J [1]

Ao =560 nm

(d) | Sketch a curve through the two points given, [1]
and end at 560 nm. [1]
(e) | No change, [1]

because higher intensity just means more photons per unit time and does not change the
energy of each photon. Since the photon-electron interaction is one-on-one, the maximum ke
and hence stopping potential at each photon energy or wavelength will not change. [1]




a 2
@ For Ry : Choose (3, 0.30) Ri= —= i =10Q 2]
I 0.3
vV 30
For Rz : Choose (30, 0.30) Ry= —=——=100Q
I 03
For Ry : Choose (200, 0.02) Ry = \i = & =10000Q2
I 0.02
Vv 400 5
For Rs : Choose (400, 0.004) Rs= —=——=
I 0.004
b 2
(b) For R = 2000 Q, WhenV:10V,I:\i:£:0.005A 2]
R 2000
When V = 1000 V, \i = @ =0.5A
R 2000
ForR =47 Q, WhenV:1,I:\i:i:0.021A
R 47
WhenV =40, | = \i:4—O:0.85A
R 47
current 1/A
R = 47Q
1.00 ~
=&
i /// /| R =2000Q
0.30 7 G
0.204 ( I 1
//
0.10 —
i
~0 r. 4 ~ ﬂ\
*H tﬂ/
0.03
002 / 7Bt
0.01 l J;_.J
=7 T
0.003 = 7/ H
0.002
0.001 5 10 70 100 300 1000

potential difference V/V

Fig. 31




© |._ . _ P [2]
P=1W. Maximum safe current, | = \7
P 1
For V =1000 V, = —=——=0.001A
V1000
1
ForV =100V, I=——=0.01A
100
1
Forv=10V, I=—=0.1A
10
Forv=1V, I=1A
(d) [3]
current 7/A
1.00 ﬁl va
X = ==
N 7 7/
030 \\
0.20 1
N><¢ ¥y
0.10 - Sem 5 >,
SH L
T = 0441/ i
002 / @ -1+
0.01
- A
\\
- !
002 N
he 1 3 10 30 100 300 1
potential difference V/V Fig. 31
(e) | For a real resistor, the resistivity of the material may actually vary with temperature; the | [2]

resistance will tend to increase when the current is large as the temperature may increase.
Therefore, the graph for low currents may be approximately a straight line but that for high
currents a curve of a lower gradient may result.




(@)

0)

The total momentum of a system is conserved,

If no net external force acts on the system.

[1]
[1]

(ii)

Taking rightward as positive,
4.0(5.0) + 10.0(3.0) + 3.0(-4.0) = 17.0v

v =2.24 m s (rightward)

[1]

(i)

1. By the principle of conservation of momentum,

17.0(2.24) = 9.0(v) + 17.0(1.12)
v=212ms?

[1]
[1]

2. By the principle of energy conservation,

Gain in GPE =loss in KE

m g Ah =% m v — % m (0)?

AR = 2(2.12)?
9.81

=0.229m

Ah =22.9=30.0-30.0 cos 6
8=76.3°

[1]
[1]
[1]

(b)

(i)

1. v?=u?+2as
282 = 2a(450)

a=0.87ms?

[1]
[1]

2. s=ut+ %at2
1
450 = = (0.87111)¢?

t=32s

[1]

3. Gain in kinetic energy =% m v? =14 (800)(28)?
=3.1x10°J

[1]
[1]

4. Gain in gravitational potential energy ~ =m g Ah
=800 (9.81) (450 sin 5°)
=3.1x10°J

[1]
[1]

(i)

Useful output power = 6.2 x 105/32
=1.9x 10*W

[1]
[1]

(i)

Consider launch point to top and taking upward as positive,
v? =u? + 2as
0 = (28sin5°)?% + 2(—9.81)s, hence s =0.30 m
Height above ground = 450 sin5° + 0.30
=39.5m

[1]
[1]
[1]




@ | () [2]
- @ - P - - -~ - @----- @ ---¢——@--
Or
— - Q-------- ®--------- o> ------ o>
(i) | mrad [1]
(b) | (i) | Fringe separation = OX/3.5=5.88x10%/3.5=1.68x10°m [1]
Using x = AD/d,
A =xd/D =1.68x103%x0.75x 103/ 2.8 [1]
=450 nm [1]
(if) | The intensity of the fringes is maximum when the axes of the polaroids are aligned
but the intensity decreases as one of the polaroid is rotated till the axes of the
polaroids are perpendicular [1]
When the axes of the polaroids are perpendicular, the fringes disappear. [1]
(c) | () | When two or waves of the same type overlap, the resultant displacement at any point | [2]
at any time is the vector sum of the individual displacements at that point at that time.
(if) | They are mounted on the same vibration beam (same source), hence they always
maintain a constant phase difference (in this case zero) between them. [1]
(iif) | D and E radiate in all directions. Along the line that joins them, they send waves that
are of the same sped, amplitude and frequency towards each other. [2]
(iv) | Nine antinodal line (constructive interference). [2]
A nodal line between any two antinodal lines (destructive interference). [1]
(v) | 1. Atf, wavelength = 24 mm

Speed of waves = 24f

At (f+2.0) Hz, the wavelength = 20 mm
Speed of wave = (f + 2.0)(20)

24f = (f + 2.0)(20)
Hence, f=10 Hz

[1]

[1]
[1]

2. Speed =0.024 x 10=0.24 m s

[1]




@ [ () [E=IR+Ir [1]
(i) | 1. e.m.f. = 6.0 V (from y-intercept) [1]
2. power=VI=42x12=50W [2]
3. V=E-1Ir
r =gradient =(6.0—0)/(4.0-0) [1]
=150 [1]
(iii) e, [1]
ii. — :
®
R
(iv) | 1. Open
2. Closed [1]
(v) 8 [2]
IRV
6 -~
4 M,
2 .
0

I/A




(b) | (i) | The magnetic flux density of a magnetic field is said to be 1 tesla, if the force per unit
length per unit current which acts on a straight current-carrying conductor placed
perpendicular to the magnetic field is 1 newton per metre per ampere. [2]

(i) | Into the page. [1]
(i) | Bll =ke
(2x8.0x0.25) =k x10x10°° g
i [1]
k=400 Nm™
(V) | The Earth’s magnetic flux density is of the order of 10 T, and is negligible
compared to 2 T. [1]
(v) | 1. The torque on the coil is due to the magnetic force F; acting on the sides PS and

QR only.

7 =Fg xI
7=2x8.0x0.25%x0.25
7=1.0 Nm

[1]
[1]

2. When the magnetic field is applied at an angle ¢ to the plane area of the coil, the
magnitude of the magnetic force on sides PS and QR of the coil remains the
same.

However, the perpendicular distance to the magnetic force is smaller than before.
Hence, the torque experienced by the coil will decrease.

[1]

[1]

~ End of Paper ~
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