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PHYSICS DATA:

speed of light in free space,
permeability of free space,
permittivity of free space,

elementary charge,
the Planck constant,
unified atomic mass constant,
rest mass of electron,
rest mass of proton,
- molar gas constant, .

‘the Avogadro constant,
the Boltzmann constant,
gravitational constant,
acceleration of free fall,

PHYSICS FORMULAE:
uniformly accelerated motion,
work done on / by a gas,

hydrostatic pressure
gravitational potential,

displacement of particle in s.h.m.

velocity of particle in s.h.m.

resistors in series,

resistors in parallel,

electric potential,
alternating current / voltage,
transmission coefficient

radioactive decay,
decay constant,
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3.00x 10° m s
4 x 107 Hm

8.85x 102 Fm™*

~ (1/(36m)) x 10° F m™

1.60x 10" C

6.63x 10

1.66 x 107 kg

9.11x10% kg

1.67 x 107 kg

8.31 JK' mol*
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6.67 x 10" N m? kg

9.81 ms?
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1 (a) A student wants to find the. number of moles. of. nitrogen molecules in-a reactor. In the high
pressure reactor, a sample of nitrogen gas is kept at a pressure of (5.0 + 0.2) x 10° Pa, with a

volume of (100 = 5) cm? and a temperature of (523 + 5) K. The nitrogen in the reactor obeys
the Ideal Gas Law, which is

PV =nRT

- where Pis the pressure of the gas Vis the volume of the gas, nis the number of moles of the
"-gas, Risa constant and T is the. temperature of the gas.

Determme the percentage uncertalnty in calculatlng the number of moles of nltrogen molecules
present in the reactor. : :

percentage uncertainty = ................cccoeninnenn. % [2]

(b) Tempered glass screen protectors are made up of silicon dioxide (one silicon atom with two
oxygen atoms) molecules.

Estimate the number of moles of silicon atoms in a 0.5 mm thickness tempered glass screen
protector for a mobile phone. Show your working and reasoning clearly.



2 An archer shoots an arrow to hit a target board secured fi irmly on a stand as shown in Fig. 2.1.

The point where the arrow is released is consndered to be levelled with the target as measured
from the ground. .

Target Board on a
Stand

.65.0m
Fig. 21

The archer is standing still 65.0 m away from the target. The arrow has a mass of 880 g.

(a) (i) Explain why, in order for the arrow to hit the bull's eye, the archer has to aim the arrow at
an angle above the target, and not directly at the target.

(if) The arrow leaves the archer’s bow at an angle less than 45° and with an initial velocity of
90.0 m s™. Determine the angle above the horizontal that the archer has to release the
arrow such that it can hit the centre of the target.

You may find the following equation useful: sin2x = 2sin x cos x
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(b) The target board and its stand are resting on a frictionless ground. When;'the arrow strikes the
target board, the arrow, target boards and stand move together as one body along the.ground.

(i) Explain why the total momentum of the system consisting of the target board, stand and
arrow in the horizontal'direction along the ground is conserved before and after the arrow
strikes the target board, whereas the total momentum of the system in the vertical
direction is not conserved.

.....................................................................................................................

(ii) The target board and the stand have a total mass of 12.2 kg and are initiélly at rest before
the arrow strikes them.

Determine the final speed of the arrow after it has struck the target board.

(iif) State the momentum of the archer along the frictionless ground immediately after the
arrow is shot off from the archer. Explain your answer.
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3 A loudspeaker operating at 86 Hz is prbducing awave _of wavelength 4.0 m.
For a particular instant of time,
Fig. 3.1 shows the graph of ’displacement, S, agéiﬁsi distance, x, of the air particles.

Fig. 3.2 shows the regions of rarefaction and compression.
Fig. 3.3 shows the pressure variation with position along the wave at an instant of time.
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(i) Determine the speed of the wave.
speedofwave = .....................e ms* [2]

(if) State the velocity of the rarefaction and compression regions. Explain your answer.

......................................................................
......................................................
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(iii) Another identical loudspeaker is now placed 20 m away to the right of the first Ioudspeaker
shown i in Fig. 3.2. Both loudspeakers are facing each other.

1. Explain the formation of the stationary (standing) wave between the lou‘d‘speakers.

......................................................................................................................

...................................................................................................................... [2]
2 Determlne the dlstance between any two consecutlve nodes in the statlonary wave "
formed. _
distance = ...l m [2]

3. By describing the movement of molecules in a statlonary sound wave, explain where the
air pressure varies the least.



4 (a) Define potential difference.

...........................................................................................................................

uniformresistance
wire XY

Fig. 4.1

The uniform resistance wire XY has length 1.00 m and resistance 4.0 Q. Cell A has emdf.
2.0V and internal resistance 0.50 Q. When switch S is closed, the current through cell Ais 1
Cell B has e.m.f. E and internal resistance r.

The current through cell B is made zero when the movable connection J is adjusted such that

the length of XJ is 0.90 m. The variable resistor R has resistance 1.5 Q while the fixed resistor
H has resistance 1.0 Q

(i) Determine the value of E.

(if) When switch S is opened, determine quantitatively if the balance length.XJ exists for this
setup with no change in the values of cell B.

12}
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‘5. Fig. ‘5.1-showsa simplified circuit diagram of the apparatus used in an experiment involving a
photoce__ll: and a copper resistance wire XY to demonstrate the photoelectric effect. Scientists were
particularly interested in the effects of the infensity and frequency of the electromagnetic radiation
on the current (measured by the ammeter A) due to the emission of the photoelectrons.

electromagnetic
radiation

Fig. 5.1

(a) State what is meant by the photoelectric effect.

(b) The Einstein’s Equation for the photoelectric effect can be written as
E=® +Eg

State the quantity represented by each symbol in the equation.

.................................................................................................................
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(c) For a given intensity and frequency of EM radiation, the following graph of current (J) against
the applied potential difference (V) was obtained as shown in Fig. 5.2.

A
I/ mA .
I
i 0 —
Vs VIV
' R - Fig. 5.2

" Explain

(i) why there is a current registered in the ammeter even though the applied voltage across . .
plates E and C is zero. :

(ii) why there is no change in the current despite an increasing positive applied voltage when
the current reaches a maximum value.

.....................................................................................................................

(iii) the changes, if any, in the graph in Fig. 5.2 when the copper resistance wire is now
replaced with one made of gold.
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" 6 Multi-bladed low-speed wind turbines (windmills) similar to the one shown in Fig. 6.1 have been used
since 1870, particularly for pumping water on farms. :

‘tailvane

Fig. 6.1

The diameters of the wheel of windmills of this type vary from 2 m to a practical maximum of about 12
m. Because of this size limitation, they are not suited to large power outputs. They will start freely with
wind speeds as low as 2 m s and, at these low speeds, can produce large torques.
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Fig. 6.2 shows the variation of P, the output power of windmills similar to that shown in Fig. 6.1 with
the diameter of the wheel for different wind speeds, v.
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(a) It is thought that, for a given diameter, the output power is related to the wind speed by the
equation:

P=kv",
where n and k are constants.

(i) Use Fig. 6.2 to determine Ig (P / W) for a particular multi-bladed low-speed windmill with
a wheel of diameter 6.0 m and wind speed 3.0 m s™.
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(ii) The graph of Ig (P /W) against Ig (v/ m s™) is plotted on Fig. 6.3.

g (PIW) ' .
3.5
3.0
25
2.0
1.5
1.0
0.20 0.30 - 0.40 0.50 0.60 0.70 0.80 0.90 1.00
' lg{v/ms)
Fig. 6.3
On Fig. 6.3,
1. plot the point corresponding to a wheel diameter of 6.0 m and a wind speed of
3.0ms'and . [1]
2. hence, draw the line of best fit for the points [1]
(iii} Use the line drawn in (c)(ii) to determine the magnitudes of
1. the constant n, and
D= [2]

2. the constant, k.
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(b) On a particular day, the wind speed is 8.0 m s™.

(i) Estimate the volume of air that reaches the 6.0 m diameter wheel of the windmill per
second. .

volume of air persecond =.............ccocecee... m®s? [2]

(i) The density of air is about 1.3 kg m?3. Estimate the kinetic energy of the volume of moving
air in (b)(i).

kinetic energy ofthe air=............................. J [2]

(iii) Use Fig. 6.2 to find the fraction of the power from thé moving air in (b)(ii) that is converted
into useful power.

fraction of power=...................... [2]

(c) State one other factor, besides wind speed and diameter of wheel that are likely to influence
the output power of the windmill.
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7 Gamma ray (y-ray) is a type of ionising radiation. The- absorptson of y-ray as it passes through a
* metallic material increases as the thickness of the material increases. The count rate of the y-ray,
C, penetratlng through a material depends on the thickness d of the material.

You are provided wnth a Cobalt-60 source, a Geiger-Miller Tube connected to a datalogger that
measures the total number of counts in a fixed time period and a number of lead slabs with
standard business card dimensions to act as absorbers of y-rays. Cobalt-60 is a radioactive source
that emits both B rays and y-rays at the same time. You may also use any of the other equipment
-usually found ina Phys:cs Iaboratory

DeS|gn an experlment to determme the relatlonshlp between C and d.

- You should draw a Iabelled dlagram to show the arrangement of your apparatus. In’ your account :
you should pay special attentionto :
(a) the identification and control of vanables,
"~ (b) the equipment you would use,
(c) the procedure to be followed, .
(d) how the relationship between C and d is determined from your readings,
(e) any precautions that would be taken to improve the accuracy and safety of the experiment. [12]

Diagram

---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------
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PHysICSs DATA:

speed of light in free space,
permeability of free space,
permittivity of free space,

elementary charge,

the Planck constant,

unified atomic mass constant,

rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

. the Boltzmann constant,
gravitational constant,

acceleration of free fall,

PHYSICS FORMULAE:
uniformly accelerated motion,

work done on / by a gas,
hydrostatic pressure
gravitational potential,
displacement of particle in s.h.m.
velocity of particle in s.h.m.

resistors in series,

resistors in parallel,

electric potential,

alternating current / voltage,
transmission coefficient

radioactive decay,
decay constant,
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3.00x10® ms*
4nx 107 Hm
8.85x 102 Fm™
~ (1/(36=%)) x 10° F m™
1.60x 10 C
6.63x10% Js
1.66x 107 kg
9.11 x 103 kg
1.67x 107 kg
8.31 JK'mol?
6.02 x 102 mol"
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1 (a)

A student wants to find the number of moles of nitrogen molecules in a reactor. In the
high pressure reactor, a sample of nitrogen gas is kept at a pressure of
(5.0 £ 0.2) x 105 Pa, with a volume of (100 £ 5) cm® and a temperature of (523 + 5) K.
The nitrogen in the reactor obeys the Ideal Gas Law, which is

PV =nRT

where P is the pressure of the gas, V is the volume of the gas, nis the number of moles’
of the gas, R is a constant and T isthe temperature of the gas., 4 :

.Determrne the percentage uncertainty in ca!culatlng the number of moles of nitrogen -
molecules present in the reactor.

_ percentage uncertainty = % 2]

(b)

Tempered glass screen protectors are made up of silicon dioxide (one silicon atom with
two oxygen atoms) molecules.

Estimate the number of moles of silicon atoms in a 0.5 mm thickness tempered glass
screen protector for a mobile phone. Show your working and reasoning clearly.

moles of siliconatoms = ... mol [4]

Solution:-




2 An archer shoots an arrow to hit a target board secured firmly on a stand as shown in Fig. 2.1.
The point where the arrow is released is considered to be levelled with the target as'measured
from the ground. —_— . o - '

Target Board on a
~Stand

A
Y

. 65.0m
Fig. 2.1

The archer is standing still 65.0 m away from the target. The arrow has a mass of 880 g.

(a) (i) Explain why, in order for the arrow to hit the bull’s eye, the archer has to aim the arrow at
an angle above the target, and not directly at the target.

(ii) The arrow leaves the archer’s bow at an angle less than 45° and with an initial velocity of
90.0 ms™. Determine the angle above the horizontal that the archer has to release the
arrow such that it can hit the centre of the target.

You may find the following equation useful: sin2x = 2sinx cos x
angle above horizontal =




650 903|7n6
.' 900_039 _ 4}905

(b) The target board and its stand are resting on a frictionless ground. When the arrow strikes the
target board, the arrow, target boards and stand move together as one body along the ground.

(i) Explain why the total momentum of the system consisting of the target board, stand and
arrow in the horizontal direction along the ground is conserved before and after the arrow
strikes the target board, whereas the total momentum of the system in the vertical
direction is not conserved.

]

Solutlon'"‘f Iy

(ii) The target board and the stand have a total mass of 12.2 kg and are initially at rest before
the arrow strikes them.

Determine the final speed of the arrow after it has struck the target board.
speed =

-ms” [2]
Solution: , R
By Principle of Conservation of Llnear Momentum, takm rit t as posmve

arrowu1 + mTu2 mTotaIv
_ my oWty + mTu2

S ;r. mTO'a’ .

o s o (0.880)90 cos2. 26)+ (12 2)0)

| oeeo+122
v=6.05ms'

(iii) State the momentum of the archer along the frictionless ground immediately after the
arrow is shot off from the archer. Explain your answer.

Solution: ' : '
By principle of conservation of llnear momentum consndenng the system of archer

. B Y Y D L T T S




3 A loudspeaker operating at 86 Hz is producing a wave of waveiength 4.0 m.

At a particular instant of time,

Fig. 3.1 shows the graﬁh of displacement, s, against distance, x, of the air particles.
Fig. 3.2 shows the regions of rarefaction and compression.
Fig. 3.3 shows the pressure variation with position along the wave at an instant of time.
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(i) Determine the speed of the wave.

speed of wave ms* [2]

(if) State an'd féxplam_how you would deduce the velocity of the rarefaction and compression.

(iii
shown in Fig. 3.2. Both loudspeakers are facing each other.

1. Explain the formation of the stationary (standing) wave between the loud speakers.

(2]

2. Determine the distance between any two consecutive nodes in the stationary wave
formed.

[2]

distance m

By describing the movement of molecules in a stationary sound wave, explain where the
air pressure varies the least.

iri

4 (a) Define potential difference.

1




(b) The circuit shown in Fig. 4.1 is used to compare potential differences of cells.

N

———————l

i

————————— : Y

uniform resistance

wire XY

Fig. 4.1

The uniform resistance wire XY has length 1.00 m and resistance 4.0 Q. Cell A has e.m.f.
2.0 V and internal resistance 0.50 Q. When switch S is closed, the current through cell A
is I Cell B has e.m.f. E and internal resistance r.

The current through cell B is made zero when the movable connection J is adjusted such

that the length of XJ is 0.90 m. The variable res;stor R has resistance 1.5 Q whlle the fixed
resistor H has resistance 1.0 Q

(i) Determine the value of E.

(i) When switch S is opened, determine quantitatively if the balance length XJ exists for
this setup no change in the values of cell B. [2]




5 Fig. 5.1 shows a simplified circuit diagram of the apparatus used in an experiment involving a .
photocell and a copper resistance wire XY to demonstrate the photoelectric effect. Scientists were
particularly interested in the effects of the intensity and frequency of the electromagnetic radiation
on the current (measured by the ammeter A) due to the emission of the photoelectrons.

X

electromagnetic
/ radiation

)

.photocell

Fig. 5.1

(a) State what is meant by the photoelectric effect. [1]

(b) The Einstein’s Equation for the photoelectric effect can be written as

E=¢+Ex

State the quantity represented by each symbol in the equation.

(c) For a given intensity and frequency of EM radiation, the following graph of current (/) against
the applied potential difference (V) was obtained as shown in Fig. 5.2.



I/ mA

Ve VIV
Fig. 5.2

(i) Explain
1. why there is a current registered in-the ammeter even though the applied voltage [3]
across plates E and C is zero. : o

2. why there is no change in the current despite an increasing positive applied voltage [3]
when the current reaches a maximum value

3. the changes, if any, in the graph in Fig. 5.2 when the copper resistance wire is now [3]
replaced with one made of gold.
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11

Multi-bladed low-speed wind turbines (windmills) similar to the one shown in Fig. 6.1 have been used
since 1870, particularly for pumping water on farms. :

iy, Wheel

tail vane

Fig. 6.1

The turbine blades cover almost the whole surface of the wheel and a tail vane behind the windmill
keeps the wheel facing the wind. The diameters of the wheel of windmills of this type vary from 2 m
to a practical maximum of about 12 m. Because of this size limitation, they are not suited to large
power outputs. They will start freely with wind speeds as low as 2 m s and, at these low speeds,
can produce large torques.

Fig. 6.2 shows the variation of P, the output power of windmills similar to that shown in Fig. 6.1 with
the diameter of the wheel for different wind speeds, v.
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It is thought that, for a given diameter, the output power is related to the wind speed by the
equation

P=kv",
where n and k are constants.

(i) . Use Fig. 6.2 to determine Ig (P/ W) for a particular multi-bladed low-speed windmill
with a wheel of diameter 6.0 m and wind speed 3.0 ms™.

(i) The graph of Ig(P/W) éga‘inétb l’gb (v/ rAn's"‘) is pibﬁed on Fig. 6.3.
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Fig 6.3

1. plot the point corresponding to a wheel diameter of 6.0 m and a wind spéed of3.0m [111

s, and

hence, draw the line of best fit for the points [1]




lg(P/W)

35

0.910. 3.450

25 T : HHH

+2.0 F117 0.380, 1.900 A

15

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
A Ig(vims?)

(iii) Use the line drawn in (c)(ii) to determine the magnitudes of

1. the constant n, and

(b) On a paﬁicuiér day, the wind speed is 8.0 ms™.

(i) Estimate the volume of air that reaches the 6.0 m diameter wheel of the windmili per
second.

m® s [2]
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(i) The density of air is about 1.3 kg m3. Estimate the kinetic energy of the volume of
moving air in (b)(i).

kinetic energy of the ‘aAir»= .

J 12

(iii) Use Fig. 6.2 to find the fraction of the power from the moving air in (b)(ii) that is
converted into useful power.

fraction of power = .

(c)  State one other factor, besides wind speed and diameter of wheel that are likely to
influence the output power of the windmill.




Gamma ray (y-ray) is a type of ionising radiation. The absorption of y-ray as it passes through
a metallic material increases as the thickness of the material increases. The count rate of the
y-ray, C, penetrating through a material depends on the thickness d of the material.

You are provided with a Cobalt-60 source, a Geiger-Miiller Tube connected to a datalogger
that measures the total number of counts in a fixed time period and a number of lead slabs of
standard business card size to act as absorbers. of y-rays. Cobalt-60 is a radioactive source
that emits both B rays and y-rays at the same time. You. may also use any of the other
equipment usually found in a Physics laboratory. -

Desigh an experiment to dété’rmine' the relationship bétwéen Cand d.

You should draw a Iabelled dnagram to show the arrangement of your apparatus ln your -

account you should pay special attention to
(a) the identification and control of variables,.
(b) the equipment you would use,
(c) the procedure to be followed,
(d) how the relationship between C and d is determined from your readings,

(e) any precautions that would be taken to improve the accuracy and safety of the
experiment.

Cobalt-60 in
alead
- container

112
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g Procedures

: 4. Set. up the apparatus as. shown in- the dlagram‘-ﬁrst'W!thout the lead'slabs'f Meas
: 2. The count rate a&tvthe GM tulbe location can- be determmed bv usmg the GM tu

& connected to. the datalogge Switch on the'_,G tube connected toa datalogge_” [

mina ‘again.. Calculatefthe average counts and take the average total numbe
'counts lelded bv 60 s to get the average 'count rate as measuredfi‘i"

f_vas CcOban Place
~tube and repeat

lnsert the Cobalt—60 ‘source ‘and repeat step 2to measure the mltlal count rate. of
'Cobalt-60 y-rays together with. the background count rate Mmus the CBackgmundf

- take the averaqe thlckness of the 5 slabs. Record the thlckness of the lead slab‘

7. Place the 5 lead slabs in between the Cobalt-60 source and the GM tube Perform ste
2. Minus the count rate obtained in this way with the background count rate, Cbackgroundv
to obtain C.

8. Repeat step 7 to obtain a second reading for 5 lead slabs so as to get an-averag_e'
reading for C.

9. Repeat step 6 to 7 by increasing the number: of lead slabs, 2 at each time, until at
least 6 sets of readings for thickness d and count rate C are obtained.

10. Assume that the relationship between C and d is given by,

—kd
C= Cinitia:' e

where kis a cbnstant. Therefore,

initial k d

1. Plot agra Jh of ln C agamst d. A straight lme qraph with neqatrve qradlent -k andi
vertical lntercept In Cinitiar is expected :

nC=InC,

4. Additional Details ,
e Account for background radiation count rate usina the method described in step 2 of






