9646 H2 Physics PR:IME!: Thermal Physics, E fields, Electricity & Circuits

THE PR:IME! PACKAGE PART 4

Thermal Physics and Electricity & Magnetism 1
(Thermal Physics, Electric Fields, Current of Electricity,
D.C. Circuits)

MCQ

1 A gas is contained in a cylinder fitted with a piston as shown below.
|

- _ piston
ogast - '

When the gas is compressed rapidly by the piston its temperature rises because the molecules
of the gas

A are squeezed closer together.

B collide with each other more frequently.

C collide with the walls of the container more frequently.

D gain energy from the moving piston.

[ACJC 2012]

2 The graph below shows two plots of pressure versus the inverse of volume for two different

gases. Which of the following best describes the difference between gas A and gas B?
A

P B
A
> 1/V
A There are more moles of gas B than there are of gas A.
B The number of moles of B is changing at a higher rate than the number of moles of A.
C There are less moles of gas B than there are of gas A and A is at a lower temperature.
D There are more moles of gas B than there are of gas A and B is at a higher temperature.
[CJC 2012]
pV =nRT
1
=nRT | —
P (v )

Option A is correct only if gas B is either at the same temperature or higher temp than gas A.
If Ais at a higher temperature, then this option would be wrong.

Option B is completely wrong.

Option C is wrong because it could be wrong. We need to look at the combined value of nRT
to compare, so if nis lower for B but T is higher it may cause the graph for B to be steeper, but
you cannot say for sure that n is lower because if n is much lower and T is only slightly higher
it can cause the steepness of B to be less.

Option D is correct if both n and T are higher for B, then the graph will be steeper.

3 A heat pump takes a gas through a cycle from A - B - C — D — A represented below.
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pressuret
c
B
D
A
volume
The information about each section of the cycle is as shown in table below:
section of cycle heat supply to gas/J work done on gas/J
A—>B 280 0
B—>C 0 190
C—->D -400 Y
D> A 0 X
Which of the following correctly states the values of X and Y?
X Y
A -70 0
B 140 -70
C 70 0
D -140 70

[DHS 2012]

4 Equal masses of four different liquids at 20 °C are separately heated at the same rate. Their
boiling points and specific heat capacities are as shown below.
Which liquid will start to boil first?

liquid boiling point/°C specific heat capacity/J kg K™
A 50 1000
B 60 530
C 80 850
D 360 140
[HCI 2012]
mcAQ

Power supplied by heater P =

For the same power supplied to the same mass of liquid, time to boil = cA6. Thus for shortest
time to boil, the product of cA@ must the smallest i.e. ¢ (boiling point — 20) must be the smallest
For liquid A, the product = 1000 (50 — 20) = 30000 s

For liquid B, the product = 530 (60 — 20) = 21200 s

For liquid C, the product = 850 (80 — 20) = 51000 s

For liquid D, the product = 140 (360 — 20) = 47600 s

Since the product is the smallest for liquid B, it will take the shortest time to boil.

5 In an ideal gas at 300 °C, the molecules are travelling at a root-mean-square speed v. Both
the pressure and volume of the gas are then doubled.
In this situation, which row describes the values of the temperature of the gas and the root-
mean-square speed of the molecules?
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temperature/°C root-mean-square speed of molecules
A 1200 2v
B 1200 4v
C 2000 4v
D 2000 2v

[HCI 2012]
Using Equation of State pV =nRT we have pV « T
Since both p and V are doubled, T is quadrupled. T = 4(300 + 273) = 2292 K = 2019 °C

KE of a molecule = 1 mv,..* «T . Hence both KE and T (in K) are both proportional to Vims

Hence, since T is quadrupled, vims is doubled.

6 An ideal gas is contained in a cylinder with a movable piston. At pressure p, volume V and
temperature T, it has N, molecules per unit volume. If the pressure of the gas is changed to

0.40p, and the temperature to 1.6 T, the number of molecules per unit volume becomes

A 05N, B 40N, C 1.8x1022TB D 3.ox10*2TB
[MJC 2012]
N 0.4p
pV =NKT Vo 1.6kT
N, = N p" =0.40p _0.25 2
v T'=1.6T KT
- P _18x102 P
KT T

7 A fixed mass of ideal gas undergoes a cycle of changes as shown in the figure. At which point
on the graph does the gas has the highest internal energy?

pressure/10° Pa

volume/10-3 m?

[MJC 2012]
For a fixed mass of ideal gas, U is proportional to T. Since pV =nRT, U is proportional to pV.
Product of p and V is the largest for point D.

8 A gas is enclosed in a cylinder by a frictionless piston of cross-sectional area 3.0 x 107 m?.
When atmospheric pressure is 1.01 x 10° N m2, the piston settles 60 mm from the end of the
cylinder as shown in diagram 1. The gas is then heated and it expands by pushing the piston
against atmospheric pressure until the piston is 120 mm from the end of the cylinder as shown
in diagram 2. What is the work done by the gas?
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60 mm piston
“—>
diagram 1
//
as
d 120 mm
| diagram 2
A 6.6 J B 18.2 c 27313 D 5457
[NJC 2012]
9 Two glass bulbs X and Y are connected by a narrow tube, where volume of Y is twice the
volume of X. The bulbs are filled with the same ideal gas and a steady state is established with
bulb X maintained at 25 °C and bulb Y at 125 °C.
25°C 125 °C
The amount of gas and pressure in X is n and P respectively.
What is the amount of gas and pressure in Y?
amount of gasinY pressure in Y
A 0.40n P
B 1.5n P
C n 0.67P
D n 2.5P
[RVHS 2012]
10 809 of ice at 0 °C is mixed with 100 g of boiling water at 100 °C in an insulated container.
Given the following data:
specific heat capacity of water = 4200 J kg™* K
specific latent heat of ice = 340000 J kg
specific latent heat of vaporization of water = 2260000 J kg
Which of the following graphs would best represent the variation of temperature with time of
the mixture?
A B
temperature/°C
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temperature/°C
A A
100 |« 100 r--. Y
\\\\\Y
X
X _ .
0 > time/s 0 »time/s
C D
temperature/°C temperature/°C
A A
100"~~~ Yy 100
X
0 » time/s 0 » time/s
[TJIC 2012]
11 A cylinder contains a mixture of helium and argon gas in equilibrium at a temperature T.

12

13

14

Which of the following statements is correct about the mixture?
A Each gas molecule has the same translational kinetic energy.
B The gas molecules have the same root-mean-square speed.
C The argon gas molecules have greater kinetic energy compared with the helium gas
molecules.
D Both types of gas molecules have the same mean translational kinetic energy.
[PJC 2013]

Mean translational kinetic energy per gas molecule = ng and is independent of mass.

An ideal gas expands at a constant temperature, doing 2500 J of external work in the process.

What is the thermal energy absorbed by the gas in this process?

A zero B less than 2500J C equalto 2500J D more than 2500 J
[AJC 2013]

AU = Q + W. Since process is at constant temperature, AU = 0.

Q =-W, hence energy supplied is equal to work done by the gas

Which statement about internal energy is correct?

A The internal energy of a system can be increased without transfer of energy by heating.
B The internal energy of a system depends only on its temperature.

C When two systems have equal internal energies, they are in thermal equilibrium.

D When work is done on a gas, its internal energy always rises.

[TPJC 2013]

Object A is dropped into a thermally insulated container of water, and the object and water are
then allowed to come to thermal equilibrium. The experiment is repeated again with a different
object, B. The two objects have the same mass and initial temperature, and the mass and
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15

16

initial temperature of the water are the same in the two experiments. For each of the
experiments, the following graphs show the temperatures of the object and the water with
respect to time.

temperature temperature
A A
ob'ect B
\objeci A e -
N 7
N _ ; water
PRl - l
water
0 > _=
time 0 time
1 1
A CA:§CB B CA:§CB C CA :3CB D CA =9CB

[HCI 2013]
For water, (A6, )g =3(Ab0 e ),
Gain in heat, Qwaler oc Aawater , hence (Qwater )B - 3(Qwater )A

Loss in heat for objects to water, Qs = 3 Qa

For objects, c « g
AO
Ca _QuAGy
CB QB AeA
(1)1
-5)5)
1
9

When isolated, the conducting sphere on the left has a positive net charge Q while the smaller
conducting sphere on the right has zero net charge.

When the two conducting spheres are placed near each other as shown, at which point will the
magnitude of electric field strength be the largest?
[ACJIC 2012]

Two closed vessels X and Y contain equal masses of an ideal gas. X has a greater volume
than Y. When the temperature changes, which of the following represents the variation of the
pressure p (in N m=2) of the gas in each vessel with temperature @ (in °C)?
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A p/N m2 B p/N m~2
A

<

N\

> g°C > g°C
C p/N m~2 D PINm?

A X A Y
/ Y / X

> §°C > g/°C

[HCI 2013]
Total number of moles of gas in each vessel, n = I\li
m A

Since we have equal mass of the same gas in each vessel, nx = ny
Also, for ideal gas,
pV =nRT

p= [Q/—Rj(e +273.15)
Given Vx > Vy and knowing nx = ny , for the 2 graphs, gradientx < gradienty

2
I'N
'Qnm Y

/X

N
v

6/ C
-273.15

17 Oxygen molecules in the Earth’s atmosphere have a root mean square speed of about
500 m s1. The mean translational kinetic energy of the oxygen molecules is E.
The relative molecular mass of oxygen and helium are 32 and 4 respectively.
What are the best approximation of the root mean square speed and the average translational
kinetic energy of a helium molecule in the atmosphere?

root mean square speed of helium average translational kinetic
molecules energy of the helium molecules
A 180 E
B 180 8E
C 1400 E
D 1400 8E

[ACJC 2015]
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18

19

20

21

A sample of an ideal gas initially having internal energy U, is allowed to expand adiabatically
performing external work W. Heat Q is then supplied to it, keeping the volume constant at its
new value, until the pressure rises to its original value.

The internal energy of the sample is then U,,.

pressure
A ]

1

» volume

The increase in internal energy, U,— U, is equal to
A W B Q-W C Q D W-Q
[ACJC 2015]

A student wants to determine the specific latent heat of vaporisation of an unknown liquid. He

used two different heaters, one at 50 W and the other at 100 W, to vaporize the liquid. The

liguid is found to vaporize at a rate of 0.0429 kg s and 0.0875 kg s respectively.

What is the best estimate of the specific latent heat of vaporisation of the liquid?

A 1.12x10°J kg™ B 1.14x10°J kgt C 1.15x 10°J kg™ D 1.17 x 10° J kg
[ACJC 2015]

There is one temperature, about 0.01 °C, at which water, water vapour and ice can co-exist in
equilibrium.
Which statement about the properties of the molecules at this temperature is correct?
A Ice molecules are closer to one another than water molecules.
B The mean kinetic energy of water molecules is greater than the mean kinetic energy of
ice molecules.
C Water vapour molecules are less massive than water molecules.
D Water vapour molecules have the same mean square speed as both ice and water
molecules.
[AJC 2015]
Since ice is less dense than water, ice molecules must be further apart than water molecules.
Since KE « T, the mean KE at the same temperature is the same hence mean square speed
is same. Water vapour molecules are identical to water molecules, hence both have the same
mass.

Before the invention of the modern refrigerator, ice was manufactured industrially and
delivered to households. One method used is the evaporation of ammonia.
Energy was required to make the ammonia evaporate and 75% of this energy came from liquid
water at 0 °C, turning the water into ice.
In six hours 8.0 x 10* kg of ice was produced. At what rate did the ammonia need to be
evaporated?
The specific latent heat of fusion of water is 330 kJ kg.
The specific latent heat of vaporisation of ammonia is 1370 kJ kg™
A 0.67kgst B 1.2 kg s C 12kgs™t D 20kgst

[AJC 2015]
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22

23

24

loss of Epater = 075(ga|n in Eammonia)
mwater If = 0'75mammonia|v
mwater If — 0.75(mammonia Ivj
t t
Momena _ 80000(330000)
t  6(3600)(1370000)(0.75)
=1.1895 kg s™

Two blocks A and B are brought into contact and allowed to reach thermal equilibrium. The
mass of A is greater than the mass of B. Initially, A has a higher temperature than B. What can
be said about the final temperature of each block?
A They are equal.
B Block A has a higher final temperature.
C Block B has a higher final temperature.
D Inconclusive. Information on the specific heat capacity of each block is needed.

[CJC 2015]
When two objects are in ‘thermal equilibrium’, they have the same temperature.

A student carries out an experiment to determine the specific latent heat of vaporization of a
liquid Z. Liquid Z is boiling in a beaker with an electric heater. The mass m of liquid Z
evaporated in 5.0 minutes is determined.

When the power supplied to the heater is 120 W, m=10.1¢g

When the power supplied to the heateris 80 W, m=5.2¢g

The specific latent heat of vaporization of liquid Z is

A 41Jg* B 2400J g C 3600J g D 4600Jgt!

[CJC 2015]
Heat loss to the surroundings must be accounted for.
Pt=mL+h

Experiment 1: Pt=mL+h ... (1)
Experiment2: P't=m'L+h .. (2)

(1) - (2):
(P-P)t=(m-m')L
_(P-P)t
m-m'
_ (120-80)(5.0%60)
a 10.1-5.2
=2400Jg™

A container of volume (V x 107%) m® contains N number of Helium-4 atoms at pressure
(P x 10 Pa and temperature 6 “C. The root-mean-square speed of the atoms is Cims m s7%.
The system of Helium-4 atoms may be treated as an ideal gas. Which of the following
expressions give the total internal energy of the system of Helium-4 atoms?
A 1.5PV B (2.1 x 107%%)(6 + 273.15)
C (2.1x10%)N@ D (3.3 x 10?")NCims?

[CIC 2015]
For an ideal gas,
Internal energy, U = total KE of the atoms present

Average translational KE = 1 mc, . = g KT
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25

26

27

Total KE of N atoms = % Nmc,.* = g NKT = g pV (. pV =NKT)

Therefore,

U= % chrm52 - % N (4U)Crm52 - % N [4(166 x 10727 ):| Crmsz - (33 x 10727 ) NCrmSZ OR

u :gNkT :gN(l.38x1023)(6?+273.15):(2.07><1023)N (6+273.15) OR
3 3 :
U =§pV =E(p><104)(V x10°)=15pV

A fixed mass of an ideal gas initially at room temperature and pressure is brought to half its

initial volume via the following processes independently:

() Compression at constant temperature.

(i)  Compression at constant pressure.

(i)  Adiabatic compression in a perfectly insulated chamber.

Which statement is correct?

The work done on the gas is greatest for process (i).

The work done on the gas is greatest for process (ii).

The work done on the gas is greatest for process (iii).

The work done on the gas is the same for all 3 processes as the final volume is the same.
[DHS 2015]

o0 w>

The specific heat capacity of magnesium is about five times that of tin. A cube of tin and a
cube of magnesium, both of equal mass at 20.0 °C are placed in two different styrofoam cups,
each filled with 100 g of water at 40.0 °C. The styrofoam cups have negligible heat capacities.
Assume that no heat is lost to the environment. After equilibrium has been attained,

the temperature of the tin is lower than that of the magnesium.

the temperature of the tin is higher than that of the magnesium.

the temperatures of the water in the two cups are the same.

it cannot be determined whether tin or magnesium has a higher temperature since the
mass is not given.

o0 w>

[HCI 2015]
For the same mass of metal, the larger the specific heat capacity of the metal, the larger the
total heat it can absorbed from water and the lower the final temperature of the water.
Magnesium has a higher specific heat capacity, so it will reach a lower final temperature (able
to cool the water more than tin).

A fixed mass of an ideal gas absorbs 3000 J of heat as it expands slowly at a constant pressure
of 2.0 x 10* Pa, from a volume of 0.050 m?® to a volume of 0.100 m3. What is the effect on the
internal energy of the gas?

A it increases by 2000 J B it increases by 4000 J
C it decreases by 2000 J D it decreases by 4000 J

[HCI 2015]
AQ =3000J

Expansion of gas, i.e. work done by gas.
W =—(2.0x10*)(0.100 - 0.050) = ~1000 J

Apply 1%t Law of Thermodynamics,
AU =Q+W

=3000 +(-1000)

=2000J
The internal energy of gas increases by 2000 J
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28

29

30

31

Two masses X and Y, made of the same material, are at temperatures T, and T, respectively,
where T, is greater than T,. The two masses are then brought into contact and reach a final

temperature T. There is no exchange of heat between the masses and the surroundings.
Given that the mass of X is greater than the mass of Y, which of the following statements is
correct?

A The final temperature T is the average of T, and T,,.

B The final temperature T is closer to T, than T,
C  The final temperature T is closer to T, than T,,.
D It is not possible to predict the relationship of the final temperature Tto T, and T,
[NJC 2015]

A closed container is filled with ideal gas initially at room temperature (27 °C) and atmospheric

pressure. It was then placed into a hot water bath maintained at 80 °C where the container
achieved thermal equilibrium with the hot water bath as shown below.

80 °C hot water bath @

- J

When the container is opened while immersed in the hot water bath, some of the gas escapes
the container. What is the percentage of the original amount of ideal gas remaining in the
container at equilibrium state?

A 15% B 34% C 66% D 85%

[NJC 2015]

The diagrams below show four arrangements of electric field lines. In each arrangement, a
proton is released from rest at point P and is then accelerated through point Q by the electric
field. Points P and Q have equal separations in the four arrangements. Deduce the case where
the linear momentum of the proton is greatest when it reaches point Q.

A B C D
— o e —
P—Q> \w\b _— =

[AJC 2012]
Density of field lines greater throughout compared to other options.

A small negatively charged particle P is balanced halfway between two horizontal plates where
a potential difference of V is applied between the plates.

When V is increased, P rises towards the upper plate.
When V is decreased, P falls towards the lower plate.
Which statement is correct?
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A The change of electric potential energy of the particle must equal the change in
gravitational potential energy of the particle.

B Increasing V increases both the gravitational and electric potential energy of the particle.
C Decreasing V decreases both the gravitational and electric potential energy of the
particle.

D Decreasing V decreases the gravitational potential energy and increases the electric
potential energy of the particle.

[HCI 2012]
In order for the particle to stay balanced, the electric force must be acting upwards and the
weight downwards.
When V decreases, the particle moves downwards which is opposite to the direction of the
electric force. Work done by electric force is negative and hence work done by the external
force is positive. Hence the EPE increases.

32 Acharge Q, is fixed in position. When a small charge Q, of mass m is released a distance r
away, it moves towards Q, with acceleration a.
Which one of the following graphs shows the correct relationship between a and r?

A B
aA aA
ot =@ radient = — 292
gradient = 47:gn1m g Az,m
0 . 0 /2
C D
aA aA
gradient = Q% gradient = QQ,
Ame,m Are,m
0 1r 0 1
[RI 2012]

33 The force F experienced by an electron when placed in an electric field varied with
displacement x as shown in the graph below. Calculate the change in electric potential energy
of the electron when electron was moved from x = 1.0 cm to x = 2.0 cm in the direction of the
force.
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34

F/uN
2.0 i
i x/cm
0 2.0
A 4.0 x 108 B -4.0x10%8J C 2.0x10%J D -2.0x10%8J
[VIC 2013]
electron
e— [
- +
% X

Positive work is done on the electron by the electric field. This can come about only because
of a decrease in electric potential energy (EPE).
AU =-W

= —area under F — x graph
=—(2.0x10°)[(2.0-1.0)107 ]
=-2.0x10%J

A metal sphere of radius 0.10 m was insulated from its surroundings and given a large positive
charge. A small charge was brought from a distant point to a point 1.00 m from the sphere’s
centre. The work done against the electric field was W and the force on the small charge in its
final position was F. If the small charge had been moved to 0.50 m from the centre of the
sphere, what would have been the values for the work done and the force?

work done force
A 2W 2F
B 2W 4F
C 4W 2F
D 4W 4F
[VJIC 2013]
From U = -2 ,Wehavercl From FzQ—qz,wehave Fociz
eyl r Ame,r r
since Q and g are constants
W' T F(r)
W ()
' r ry
W :(—' W E' :[_ E
r r
:(ﬂjw 1.00 Y
50 = ﬁj F
=2W = 4F
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35

36

37

38

The diagram shows the path of a charged particle through a uniform electric field, having
vertical field lines.

~ -

electric [ path of
field lines particle

I

What could give a path of this shape?

a positive charge travelling left to right in a field directed downwards
a positive charge travelling right to left in a field directed downwards
a negative charge travelling right to left in a field directed upwards

a negative charge travelling left to right in a field directed downwards

OO w>

[AJC 2013]
The path of the particle indicates that it experiences an upward force. A negatively charged
particle (e.g. an electron) in an electric field directed downwards experiences an upward force.
Here, the path of the particle is independent of the direction of travel (e.g. left to right), and not
to be confused with magnetic forces.

An electron and proton are simultaneously released from rest in a uniform electric field.
Assume that the only forces exerted on the particles are electrical forces due to the electric
field. At a later time when the particles are still in the field, the electron and the proton will have
the same
A magnitude of velocity B magnitude of momentum
C kinetic energy D magnitude of acceleration

[HCI 2013]
Both feel the same magnitude of force, F = eE. But the proton is more massive, so it will
accelerate less. Thus options A and D are not correct.
AEx = FAX . The electron will have a greater displacement, thus it will gain a larger amount of
kinetic energy. Thus option C is incorrect.
Ap = FAt . Both patrticles feel the same magnitude of force for the same amount of time,
therefore they will end up with the same magnitude of momentum.

An electron moves in a direction opposite to an electric field. Which of the following statements
is correct?

work d;)hneeeblg Cttr;(e)z r1:|eld on poten(tellilcfrréenrgy of kinetic energy of electron
A positive increases decreases
B positive decreases increases
C negative increases decreases
D negative decreases increases

[NJC 2013]

Two equally charged spheres of the same mass are suspended from strings and hang apart
at an angle as shown in the figure below.
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39

sphere 1 sphere 2

If the charge on sphere 1 alone is doubled, how would the two spheres hang?
A B

sphere 1 sphere 2  sphere 1 sphere 2

@ sphere?2
[TIC 2012]

sphere 2 sphere 1

sphere 1

Two point charges of charged —2Q and +Q are arranged at two corners of an equilateral
triangle of side r in vacuum.

2Qeo.

+Q
What can be deduced about the electric potential V, and the magnitude and direction of electric
field strength E at point X?

V magnitude of E direction of E
3
i __Q Q <|E| < Q2 >\
el Argyr 4re,r
3
. _0Q Bl >3,
271'80I’ 4”€0r /
c| o <2 X
Arer Are,r
I El= /
4reyr 4re,r
[ACJC 2015]
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40 The diagram shows two metal plates connected to a constant high voltage.

d

Which graph shows the variation of the electric field strength E midway between the two plates
as the distance d between the two plates is increased?

A B C D
E E’ E Et
0 = 0 - 0 - 0 -
0 d 0 d 0 d 0 d
[AJC 2015]
E:\L,Eoc1
d d

41  Which of the following is not always true about the electric field lines around a charged
conductor?
The field lines never cross.
The field within the conductor is zero.
The field lines are always spaced equally apart.
The field lines at the surface are always drawn perpendicular to the surface.
[CJC 2015]
For irregularly shaped conductors, the charge will distribute unevenly, meaning the field lines
will bunch at corners.

o0 w>

42 A constant electric field is to be maintained between two large parallel plates for which the
separation d can be varied.
Which graph shows how the potential difference V between the plates must be adjusted to
keep the field strength at a constant value?

A B C D
[ +
v 14 74 "4
00 g - OO p > 00 5 - OO d4;
[DHS 2015]

43  An electron is projected at right angles to a uniform electric field E.
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yYyYyvy

o

]
& electron

In the absence of other fields, in which direction is the electron deflected?

A into the plane of the paper B out of the plane of the paper
C to the left D to the right
[DHS 2015]
44 A positive point charge Q is placed at Y as shown. X and Z are two points that are at a distance
r fromY.
°
X
r
+Q
Y
r
°
Z

Consider the following statements:
()  The magnitude of the electric field strength at X is equal to the magnitude of the electric
field strength at Z.

(i)  The electric field strength at Z acts along ZY in the direction from Zto Y.

(i)  No work is done in taking a charge from X to Z.

Which of the above statements is/are correct?

A | only B Il only C I and Il only D | and Il only
[HCI 2015]

Statement (1) is correct as X and Z are equal distance from the point charge +Q at Y. Statement

(1) is incorrect as the direction of the electric field strength acts along ZY in the direction from

Y to Z (as the point charge at Y is positive). Statement (lll) is correct as the points X and Z lie

on the same equipotential line due to the point charge at Y.

45  Two isolated concentric spheres are arranged such that the inner sphere is charged positively
and the outer is earthed.
Which diagram best represents the electric field lines and distribution of charges in this
arrangement?

A B C D
‘ | ‘\\ ‘\\ ‘\\
! N ¢ N\

[TJC 2015]
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46

47

Field lines begin from positive charge and end on negative charge. Since the spheres are
isolated, no field lines are present beyond earthed sphere.

Consider the electric charges A, B, C shown in the figure below, where g is a positive number.
Which answer correctly describes the magnitude of the net force experienced by the charges?

+q

.9
C

o

=@ 3

A F,>F,>F. B F,>F.>F, C F,>F,>F. D F,=F,=F,
[VJC 2015]

The net force acting on A is due to charges B and C and acts towards the right.

2 2

Fa = L q_2+ d 2

4ze,| d  (2d)
__5¢°
167¢,d?

The net force acting on B is due to charges A and C and acts towards the left.

1 (d®, a
"y [Fd—z
E,
2

q

B 2rme,d?

A B < L —>

The net force acting on C is due to charge B to the right and charge A to the left. The overall
magnitude is

119° ¢
Fo = 2 2
4re, | d (2d)
__ 39’
167¢,d?

Comparing all three net forces, we get
Fo>F,>F¢

A graph of current against potential difference for a component is given below.
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current/ mA

60

50

40

30

20

10

. —

0
0

1

2 3

4

6 7
potential difference/ V

What is the potential difference across the component when its resistance is at its lowest?
A 090V B 250V C 3.00V D 500V
[ACJC 2012]

48 The diagram shows a potential divider setup giving outputs of 5.0 V and 8.0 V from a 12 V
source.
+12V °
R1
F ° +8.0V
RZ
F ° 450V
RS
ov e T o
What are the possible values for the resistances of R,, R, and R,?
R,/kQ R,/kQ R,/kQ
A 4 3 12
B 8 3 5
C 8 6 10
D 12 8 5
[AJC 2012]
vV, o| — R Vv, =|—Re g v, | — R g
' R,+R, +R, 2 R, +R, +R, s R, +R, +R,
=40V =30V =50V
Hence ratio of R1: R2: Rsis4:3: 5.
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49

50

A battery of e.m.f. 6.0 V and negligible internal resistance is connected to three resistors, each

of resistance R, and a variable resistor T, as shown.

The resistance of T changes from R to 5R.
What is the change in the reading of the high resistance voltmeter?

A zero B 2V C 4V D 5V
[DHS 2012]
Five identical resistors are connected to a dry cell of negligible internal resistance.
R
R4 Rs
"
| ]
Which resistor dissipates the most power?
A R, B R, C R, D R,
[HCI 2012]
R
.
A B R, ¢C J
—— . D
R;
L1
R,
[
-1
R 1 1 3R
R =R RCD:E Rep = E‘*‘ R :?
R+ >

Hence p.d. across AB is greater than p.d. across BD since resistance across AB is greater
than resistance across BD. Thus p.d. is the largest across R,. Since power is proportional to

the square of the potential difference, R, has the largest power.

21
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51 A network of resistors is connected across an 8 V battery of negligible internal resistance.
120
— +—
— X
L
8Q
g8y  — 6 Q
20
]
I
[
8Q
What is the potential at point X?
A 387V B 413V C 490V D 111V
[HCI 2012]
8V 120 80
M | —
| |—I:] L1
I | I | I
A B 80 X 6Q c 20 A
8V 310V~ 387V ” 1.03 V 1
1 1Y) 1 1Y"
Reyy =|—+=| =4.8Q Roa=l=+=| =16Q
Bx (12 8) A (8 2)
R =

48+6+1.6=1240

R
(")

:G%%j@)

=3.10V
V, =8-3.10
~4.90V

52 In the circuit diagram below, the voltage supply has negligible internal resistance and the
voltmeter reads 12 V.

Nanyang Junior College
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53

200

- L© &

200

200

If the connections to the terminals of the voltage supply are reversed, the voltmeter reading
would be

A 6.0V B 8.0V Cc 90V D 18V
[MJC 2012]
Before voltage supply is reversed, diode is forward-bias.
\Y
IT = E
12
2.0
=6.0A

Since diode is ideal, current in each of the resistors arranged in parallel across resistor, R

IT

| =L

2

6.0

2
-3.0A

V, =IR
~3.0(2.0)
=6.0V

E=V+V,
=12+6.0

=18V
After voltage supply is reversed, diode is reverse-bias, no current will flow through the diode.
Ry =2.0+2.0

=4.0Q

=(§%Jﬂ8)
=9.0V

A cell of e.m.f. 12.0 V with negligible internal resistance is connected to 4 resistors as shown
below.
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12.0V | a a
What is the current flowing through the 10.0 Q resistor in diagram above?
A 0.59 A B 1.0A C 53A D

11.0A
[NJC 2013]

54  Four similar bulbs are connected to a constant-voltage d.c. supply as shown below. Each bulb
operates at normal brightness and the ammeter registers a steady current.

WO YO
N D

X7 Z
& &

D

The filament of bulb X breaks. What happens to the brightness of the remaining bulbs?

bulb W bulb Y bulb z
A brighter less bright less bright
B less bright less bright less bright
C brighter brighter brighter
D less bright brighter brighter

[NJC 2013]

55  The graph shows the current-voltage (I-V) characteristic of an electrical component.

| A

0
0

Vo

Y

1

What is the resistance of the component at potential difference V, and how does the resistance
change, if at all, when the potential difference increases from Vto V,?
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56

57

58

resistance at V, resistance change from V, to V,
Vl _VO
A no change
I1 - I0
Vl _VO
B decreases
Il - I0
Vl
C T no change
1
V1
D T decreases
1

[RVHS 2013]
The power delivered to a resistor by the rms current of an ac supply is equivalent to the power
delivered by the dc current of a dc supply.

An electron travels around the circuit shown in the diagram. The cell has negligible internal
resistance.

At which point in the circuit does the electron have its maximum electrical potential energy?

s
u u

_.a.@}e___

[SAJC 2013]

The potential difference between points A and B is 25 V. The time taken for charge carriers to
move from A to B is 20 s, and in this time, the energy of the charge carriers changes by 12 J.
What is the current flowing through AB?

A 0.024A B 0.60A cC 21A D 42A
[YJC 2012]
W =QV Q=lIt
W Q

Q= v '= t

12 . 0.48

25 - 20

=0.48 C =0.024 A

Three bulbs A, B and C, each of equal resistance, are connected as shown. Initially, switch S
is closed and all bulbs lit up. What happens to the brightness of A and B when S is opened?
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s &
N
<
— B
X
A

bulb A bulb B
A increase increase
B decrease increase
C decrease decrease
D increase decrease

[YJC 2012]

59 The diagram shows a light-dependent resistor (LDR) and a thermistor forming a potential
divider.

o)
Under which set of conditions will the potential difference across the thermistor have the
greatest value?
illumination temperature
A low low
B high low
C low high
D high high
[YJC 2012]
60 Two cells X and Y are connected in series with a resistor of resistance 9.0 Q, as shown.
9.00
I
X— —Y
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61

62

63

Cell X has an electromotive force (e.m.f.) of 1.0 V and an internal resistance of 1.0 Q. Cell Y
has an e.m.f. of 2.0 V and an internal resistance of 2.0 Q.
What is the current in the circuit?
A 0.25 A B 0.17 A C 0.10 A D 0.083 A
[AJC 2013]

A sample of resistive material is prepared in the form of a thin square slab of side x.

For a given thickness, the resistance between opposite edge faces of the sample is
A proportional to x? B proportional to x
C independent of x D inversely proportional to x
[CJC 2013]

A 10 Q resistor and a thermistor are connected in series to a battery of e.m.f. 3.0 V and
negligible internal resistance. The table shows the voltage of both thermistor and resistor
corresponding to the current flowing in them.

A
l /A
1 0.4
I __ ,
. 0.3
RS 0.2
1 01
éﬁ/ >
0 > VIV

0510 15 20 25 3.0 35

If the resistance of the resistor is doubled, what is the e.m.f. of the new battery assuming
negligible internal resistance required for current flowing in the circuit to remain the same?
A 4.0V B 45V C 50V D 6.0V

[ACJC 2015]

The diagram shows a potentiometer setup with four resistors in place.

e

e
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The jockey is at the null point. Which of the following statements is not true?

Increasing the resistance of resistor 4 will increase the balance length I.

Increasing the resistance of resistor 3 will decrease the balance length I.

Decreasing the resistance of resistor 2 will increase the balance length I.

Increasing the resistance of resistor 1 will decrease the fractional uncertainty of the
balance length I.

o0Ow>

[ACJC 2015]

64 The Large Hadron Collider is designed to accelerate groups of protons around a large circular
ring. At any moment, there will be 3000 groups in the ring and each group will contain about
10! protons. All the protons go around the ring 10* times per second.
What is the best estimate of the current in the ring?
A 50 pA B 160 pA C 500 mA D 160 A
[AJC 2015]
Q=1lt
_ne
t
3000(10")(10*)(1.60x107*°)

1

=0.48 A
~500 mA

65 Inthe potentiometer circuit shown, the reading on the ammeter is zero.

|
||'“ |

/4

y sliding contact
_| Il l_

uniform metal wire
The light-dependent resistor (LDR) is then covered up and the ammeter gives a non-zero

reading.

Which change could return the ammeter reading to zero?

A decrease the supply voltage B increase the supply voltage

C move the sliding contact to the left D move the sliding contact to the right

[AJC 2015]
When LDR is covered, its resistance increases leading to a drop in the potential difference
across it. To restore the balance, the sliding contact has to be shifted left. Changing the supply
voltage affects V and Vmeta wire at the same time so it does not restore balance.
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L.
v 11
+—>
4
sliding contact
| —

uniform metal wire

66 A circuit is set up as shown, supplied by a 3 V battery. All resistances are 1 kQ.
3v

Ih--];
||"I

What will be the reading on the voltmeter?

A 0O B 05V c 10V D 15V
[AJC 2015]
3
)
rr
| — X | —
| ii] — H H
{Z Y | —1 }
. )\ J
Y Y
-
LR (l+l} ~0.75R
3R 'R
0.75
v, = 2
V, =15V v (1.5+o.75j( )
=10V

Hence voltmeter reading is 0.5 V

67 The diagram shows a network of six resistors. A multi-meter measures the resistance between
X and Z as 8.0 Q. What is the value of resistance R?
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68

Y

A 200 B 40Q C 6.00Q D 8.0Q

[CJC 2015]
When the multi-meter measures the effective resistance between X and Z, it can be assumed
that a small current is sent from terminal X to the circuit and return to terminal Z. The 3.0 Q
resistance will not be part of the circuit of the effective resistance since the current will not flow
to terminal Y. Thus,
R, =8.0

€]

-1
1+i +2.0+2.0=8.0
R 12.0

R=6.0Q

Two cells of electromotive forces E, and E,, and internal resistances r, and r,, are connected
to a load resistance R in the circuit shown.

__________________________

If the current flowing in the circuitis | and E, < E,, what is the magnitude of the terminal potential
difference across the cell E,?

A E,-Ir B E, +In C E,-I(r,+r,+R) D E,+I,-IR
[CJC 2015]
IIEZ r, A r Eli B
I|—|: e :|_||_.
Iv:. ............ ! Lom e oo oo :
R
1
| S |
V, =15V

Since E, <E,, E, is charging E,
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V =IR
E,-E,=I(r,+1,+R)
=Ir,+1(r, +R)
E,-I(r,+R)=Ir,+E,
Vi1 =Vea
=Ir+E,

69 The diagram shows a circuit for measuri|ng a small e.m.f. %[oduced by a thermocouple.
2.00V

thermocouple
Lo
6.00mV

galvanometer

There is zero current in the galvanometer when the variable resistor is set at 3.00 Q.

What is the value of R?
A 195 Q B 495 Q C 995 O D 1995 Q
[DHS 2015]

70 In the circuit shown below, P, Q and R are identical resistors.

rate of production of heat in Q is
rate of production of heat in P
A 0.25 B 0.50 C 2 D 4

The ratio

[HCI 2015]

The current through Q is half that of the current through P.
Let the current through P be I.

P, =I’R

| 2
P,=|=|R
© @
Po_1
P, 4

71 A battery with internal resistance r is connected to two identical light bulbs each of resistance
R. Which of the following expressions gives the efficiency » of each of the circuit?
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(%)
<
N
circuit 1 circuit 2
circuit 1 circuit 2
A anRZ x100% n=R"2" 100%
+2r
B n= 2R x100% n= R x100%
2R +r 2R+ 2r
C n= 2R x100% n= R x100%
2R +r R+2r
D n= R x 100% n= 2R x100%
R +2r 2R +r

[HCI 2015]
Calculate the useful power generated across the light bulbs and divide by total power
dissipated in the entire circuit (including internal resistance of the battery)

For circuit 1: For circuit 2:
12 (2R
n= 21(—) x100% 2[R
17 (2R +r) 22
R N=—rN x100%
= x100% 12| =+
2R +r 2
__R x100%
R +2r
72 Alamprated at 12 V and 24 W is used with a 10 V supply for 2 s. What is the energy transferred
in the lamp?
A 207 B 24 ] C 3315 D 401
[NJC 2015]
V2 P = E
P=—__ t
R E =Pt
2
R :V_ B \/_2 )
P (R
_12 .
24 _ (ﬂj(z)
=6.0Q 6.0
=331J

73  Acircuit is set up as shown below. What is the potential at point X?
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120
1
L
J S— b
 — 80
8 = 60
A -3.1V B 3.1V C -49V D 49V

[NJC 2015]

-3.09V

v=| R e
Reff

:(ﬁ]@

=3.1V

74 In the potentiometer circuit below, the moveable contact is placed at J on the bare wire LM,
such that galvanometer shows zero deflection.

R
i|—c2

M
& J
galvanometer
] £
standard
cell

The resistance of the variable resistor R is now increased.
What is the effect of this increase on the potential difference across the wire LM and on the

osition of the moveable contact for zero deflection?
p.d. across LM position of moveable contact

A increase nearer to L
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B increase
C decrease
D decrease

nearer to M
nearerto L
nearer to M

[TJC 2015]

By potential divider method, as R increases, p.d. across LM decreases. The potential gradient
of wire LM decreases. For zero deflection, contact J has to shift to the right so that p.d. across
LJ is equal to e.m.f. of standard cell.

75 In the circuit shown, there is a current of 3.0 A in the 2.0 Q resistor.

E r
|y
II
30A._209
I‘h.
-

—1

6.0 2

It is known that the source of e.m.f. E with internal resistance r has an output efficiency of 90%
in its power delivery to the external circuit. What are the values of the current | delivered by the

source and its e.m.f. E?

I/A E/NV
A 3.0 12.0
B 4.0 10.8
C 4.0 13.3
D 12 18.0
[VIC 2015]
_ POU[
77 I:’in
3.0(2.0) _V
| =3.0+ IE
6
—40A _y
1 1Y) =
R=|—+—| +15 _IR
20 6.0 “E
=300 ~ 4.0(3.0)
~0.90
=13.3V
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Short Structured Questions

1

(@)

(b)

Define specific latent heat of fusion.

Use the following physical data for ice, water and steam when necessary in answering

the following questions given that standard pressure is 1.01 x 10° Pa.

ice water water steam
temperature 0°C 0°C 100 °C 100 °C
volume occupied by 1 kg at| 5109 | 000100 | 0.00104 1.67
standard pressure/m
kinetic energy of all the
molecules in 1 kg/10° J 1.89 1.89 2.58 2.58
potential energy of all the
molecules in 1 kg (referred to 0 3.36 3.41 24.3
ice at 0 °C)/10°J
internal energy of 1 kg/10° J 1.89 5.25 5.99 26.9

(i)

(i)

(iii)

Explain why there is no change in kinetic energy of the molecules when ice at 0 °C
changes to water at 0 °C.

Explain why there is a significant increase in the potential energy of the molecules
when water at 100 °C changes to steam at 100 °C.

The first law of thermodynamics may be expressed in the form
AU =q+w
where AU is the increase in internal energy of the system, q is the thermal energy
supplied to the system, w is the work done on the system
1. Complete the table below for the processes indicated by writing down the
symbol '+' for an increase, the symbol '-' for a decrease and the symbol '0'
for no change, as appropriate.

AU q w
water at 0 °C changes to ice
at0°C - _ -
water at 100 °C changes to
steam at 100 °C " * B
[2]
2. Determine the specific latent heat of fusion of ice.
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(b)

(c)

U=Q+W
=Q - pAV
=mL — pAV
3.36x10° =1.00L —1.01x10° (0.00100 - 0.00109)
L=3.36x10° J kg™

specific latent heat of fusion = ...........cccceiiiiiiiiiee Jkg™[2]
[ACJC 2012]

State what is meant by the specific heat capacity of a substance.

Fig. 6.1 shows an experimental set up by Ben to find out the specific heat capacity of
water. Mr Haagen, his teacher, pointed out that without a lid for the calorimeter, heat will
be lost through evaporation therefore causing inaccuracy to the specific heat capacity
obtained.

thermometer

stirrer

(A)
1 T
: insulated calorimeter

| without lid

water

heater

Fig. 6.1
Using the kinetic model for matter, explain how heat is lost through evaporation. Hence
explain how adding a lid will prevent this loss.

Jerry prepared a similar set up to Fig. 6.1, but with a lid for the insulated calorimeter.
Starting at room temperature of 30.0 °C, the heater is turned on for 6.50 minutes until
the water rises to a temperature of 50.0 °C. During heating, current is adjusted so that
readings on the ammeter and voltmeter are constant at 1.97 A and 12.0 V respectively.
Other useful information he found is as follows:
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(d)

Mass of water = 100 g
Heat capacity of material of calorimeter and stirrer (made of same material) = 38.6 J K™
Calculate the specific heat capacity of water based on information found by Jerry.
Let subscript | denotes liquid and subscript ¢ denotes calorimeter.

Assuming no heat loss to surrounding.

energy supplied by heater = energy absorbed by liquid and calorimeter

VIt =mc, (Tf —Ti)—i—CC (Tf —Ti)
= (m|c| _Cc )(Tf _Ti )
12.0(1.97)(6.5 X 60) = (0.1000I + 38.6)(50 — 30)
c, =4220 Jkg™* K™

specific heat capacity of the water = ............cccoveevvveicieecnnenne, JkgtK1[2]

Mr Haagen used the continuous flow method as shown in Fig. 6.2 to determine the
specific heat capacity of the water.

Eﬂ constant head tank

oo i |
I/ !
glass tube PN
T, R’ . R N —— T
, spiral resistance wire [
F Y
evacuated glass jacket N
water outlet
Fig. 6.2

Water of temperature T, from the constant head tank enters the glass tube at a constant

rate of M. The water gets heated by a heating coil as it flows through the glass tube. The
heating coil, which carries a steady electric current |, has a constant potential difference
V applied across it. Water leaves the glass tube at temperature T,.

The experiment was conducted twice and the measurements obtained are as follows.

experiment | M/gs™ T,/°C T,/°C I/A VIV
1 2.33 30.0 35.0 1.83 30.0
2 4.61 30.0 35.0 2.05 50.0

(i) State two advantages of using the continuous flow method as compared to the

method used by Jerry in the determination of specific heat capacity of water.

1. At steady state, none of the electrical energy supplied is used to warm the
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(i) Determine the specific heat capacity of water based on the measurements
obtained from the continuous flow method.

IV = Mc(T, —Ti)+? () IV =Me(T, —Ti)+? . (2)

where ? is the rate of heat lost which is the same for both experiments
(2) - (2):
I'V'=IV =(M'-M)c(T, -T,)
50(2.05)-30(1.83) =(4.61-2.33)c(35.0 - 30.0)
c=4.175Jg' K™
=4180J kg™ K™

specific heat capacity of the water = ...........cccccoeeieiiiie e J kgt K1[2]
[MJC 2012]

3 Use the following physical data in answering this question.
Standard pressure = 1.01 x 10°Pa
Molar mass of water = 18.0 g mol*
Density of water at 100 °C and standard pressure = 962 kg m=
Density of steam at 100 °C and standard pressure = 0.599 kg m=
Specific latent heat of vaporization of water at 100 °C = 2.26 x 106J kg™
(a) Show that the number of molecules in 1.00 kg of water is 3.34 x 10%.

m
v=(i7
= LO% (6.02x10%)
18.0x10
=3.34x10* (shown)
[1]
(b) Assuming that steam behaves as an ideal gas, calculate the kinetic energy of all the
molecules in 1.00 kg of steam at 100 °C.

kinetic energy of molecules = g NKkT

= 2(3.34 x107)(1.38 x10**)(100 + 273.15)

=2.58x10° J
kinetic energy of all the molecules = ............ccccceeiiiiiiiiiennnen. J[2]

(c) 1.00 kg of water changes to steam at 100 °C and standard pressure.
(i) Calculate the work done by the system during this change in phase.

W = pAV
:(1.01“05) 1.00 1.00
0.599 962
=1.69x10° J
work done by the system = .........ccccooiiiiiiiiies J[2]
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(i)  Use the First Law of Thermodynamics to calculate the increase in internal energy
of the molecules in this process.
AU =Q +W
=mL+W
=1.00(2.26 x10° ) +(~1.69x10°)

=2.09%10° J
increase in internal ENergy = .......ccoccvvvveeeeeninsiiieeeeeenn J[2]

(iii) State the increase in the potential energy of the molecules during this change of
phase. Explain how you arrive at your answer.
2.09 x 108 J

[DHS 2012]

4 0.050 moles of helium gas (assume ideal gas) is contained in a cylinder fitted with a piston.
The piston moves slowly outwards, resulting in the variation of pressure shown in Fig. 2.1.

A
400
300
©
o
=
3 AN
2 200
w
N
o
‘H—-__\_x
-h-\_\-\_\_"‘-\—-.__\_‘_‘_‘_\-‘-‘_
100 B
0 0 0.2 0.4 0.6 0.8 1.0 1.2
Volume/ 103 m3
Fig. 2.1
(@) Show that the temperature of the gas does not change from A to B and calculate this
temperature.
For a fixed mass of ideal gas, pV «T . If pV is the same/equal along path AB, T is
constant.
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(PV), =(400)(0.3) (PV), =(200)(L2)
=120 Pam™ =120 Pam™
Hence T, =T,
pV =nRT
TV
nR
. 400(0.3)
~0.050(8.31)
=289 K
temperature = ........cccccvevieneieeeieeeeeeee K[2]

(b) Calculate the kinetic energy as a result of the random motion of the gas molecules in the

cylinder.

3
E==-nRT
2
3

= (0.050)(8.31)(289)

=180J
KINetiC ENErgy = ...uvvvvvverieeeeeeeeeeeeeeeeeeeeeeee J[2]

(c) Estimate the amount of work done by the gas as it expands from A to B.
work done by gas = area under p—V graph

= 34(50 x 103)(0.10 x 10*3)

=170J
Allow 165 — 175 J.
WOrk done = ...oovvvvvviiiiiiiiie J[2]

(d) A student claims that heat flows into the gas during the process from A to B. Use the
First Law of Thermodynamics to verify if his claim is true.

AU =Q+W
Q=-W

[TJC 2012]

5 (@) An object X, which has a mass of 3.0 kg and temperature of 373 K, is placed in thermal
contact with object Y of mass 1.8 kg and an unknown initial temperature 6.
The two bodies eventually reach thermal equilibrium and the equilibrium temperature is
measured to be 457 K. Given that the specific heat capacity of object X is 2200 J kg™ K™
and the specific heat capacity of object Y is 1800 J kg K1, calculate the initial
temperature 6, assuming there is no heat loss to surroundings.
heat gained by X =heat lost by Y

3.0(2200)(457 - 373) = 1.8(1800) (0 — 457)

6 =628 K
initial temperature = .........ccoeviiiieeee e, K[2]
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(b) A fixed mass of monoatomic ideal gas occupies a volume of 300 cm?® at a pressure of
1.5 x 10° Pa and a temperature of 320 K. The ideal gas undergoes heating at constant
volume to a pressure of 2.5 x 10° Pa.

(i)  State the first law of thermodynamics.

(i) Determine the temperature of the gas after heating.

p
T2 = (éjTl

pocT 1.5x10°
O X
T =| — (320
p_T, [2.5X105J< )
p2 T2
=533 K
tEMPErature = ......cccvvvvveeverrrerevereveeeeeeeees K[2]

(iii) Given that the initial internal energy of the gas is 67.4 J, calculate the quantity of
heat supplied to the gas.

UoT
U2 _T2
u T, AU =U, -U, AU =Q+W
U, =(Ej(67.4) —44.9 ] Q=44.9J (W =01J)
320
=112 J

heat supplied = ............c.co, J[3]

(iv) The gas then undergoes isothermal expansion to a volume of 800 cm?, followed
by a contraction to its original volume at constant pressure.
Sketch, using the axes provided, a pressure-volume graph to illustrate the
thermodynamic processes that the gas underwent. Indicate all values clearly.

A
(2]
P,"r 10° Pa 'y
2.5 -f----
1 mark forshape
1 mark forvalues
0.9375-f -~~~ “ .
: '. >V /cm?
300 200

[TPJC 2012]
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6 (a)

(b)

(c)

(b)

Explain what is meant by an ideal gas.

State in words how the temperature of an ideal gas is related to the energy of the
molecules of the gas.

A plasma is a mixture of gas atoms, gas ions and electrons, all in thermal equilibrium. In
a certain hydrogen plasma, the hydrogen atoms, hydrogen ions (protons) and electrons
can be assumed to behave like the molecules of a mixture of three ideal gases. The root-
mean-square speed of the hydrogen ions in the plasma is found to be 6.0 x 10* ms™.
(i) Determine the root-mean-square speeds of
1. the hydrogen atoms,
2.  the electrons,
in the plasma.
Since all three are in thermal equilibrium,
1 , 1 , 1 , 3
Emwcw =5 m,C; = Emece = EkT

m, ~m, ..c,=6.0x10"ms™
E, = %(1.67 x1077)(6.0x10*)’
=3.006x107*¢J
3.006 x107*® = %(9.11>< 10°*)(c?)

c,=2.6x10°ms™

r.m.s. speed of hydrogen atoms = ..........cccceeeeiiiiiiiiiieieeeenne ms
r.m.s. speed of electrons = .........cccceevvireiiiienieeeienn. m s [3]

(i)  Determine the temperature of the plasma.

E=3kT
2

T_2E
3k

2(3.006 ><10’18)
3(1.38 x10*23)
-1.5x10° K

temperature of plasma = ............ccccc K[2]
[RI 2013]

Define the term electric field strength.

Two oppositely-charged parallel metal plates are situated in a vacuum, as shown in
Fig. 2.1.
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|
|
-
I -
-
stream of /
nuclear B T — sl TSR
particles |
I
|
i +2500V !
40 mm

Fig. 2.1 (not to scale)
Between plates: reasonable curve upwards
Beyond the plates: Straight and at a tangent to the curve

The parallel plates have a length of 40 mm and their separation is 6.0 mm. The electric

field can be assumed to be zero outside the plates.

A stream of positively-charged nuclear particles is directed horizontally at a speed of

4.0 x 108 m s* towards the plates. The nuclear particles pass between the plates and

into the region beyond them.

(i) OnFig. 2.1, draw the path of the nuclear particles between and beyond the plates.
[2]

(i) Determine the electric field strength halfway between the plates.

-V
d
~ 2500- (-500)
~ 6.0x10°
=5.0x10°Vm™
electric field strength = ........ccoooiiiiiiiiii vV m1[1]
(iii) Draw the equipotential lines for the region within the parallel plates on Fig. 2.2
below.
—500V
1 mm oV
+500V
+1000 V
+ 1500 V
+2000 V
i +2500V
l 40 mm ‘
[1]
[CJC 2012]

Nanyang Junior College 43



9646 H2 Physics PR:IME!: Thermal Physics, E fields, Electricity & Circuits

8 (@) Define electric field strength at a point in an electric field.

(b) The electric potential, V, in a region varies with the distance, x, from a chosen reference
point, as shown in Fig. 3.1.

(a»)
(@»)
~

fan)
)

Fig. 3.1
A charged particle of +2.0 x 1072 C moves from x = 0.50 cm to x = 3.00 cm in this region.
(i)  Using the graph in Fig. 3.1, calculate the change in potential energy of the charged
particle. State the assumption you made in your calculation.
Atx=0.50cm, V=400V, atx=3.00 cm, V=100V,

AU =qAV
=(2.0x107*)(100-300)
=-6.0x10" J
Assumption: potential in the region is unaffected by the charged particle.

change in potential energy = ........ccccoevveiiiiiiieeinieeeens J[3]

(i) Calculate the increase in electric potential which the +2.0 x 102 C charge particle
would cause at a point 1.00 cm away from itself.
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(b)

v=_A"
e, v
~ 2.0x10%2
47(8.85x10%*)(1.00x10°?)
=179V
increase in electric potential = ..........ccccceeeviiiiiiiiiieeens V [1]

(iif) From your answer in part (ii), explain if the assumption you stated in part (i) is
reasonable.

(iv) Using the graph in Fig. 3.1, calculate the electric field strength at the point

x=0.50 cm.
electric field strength = —gradient of V — x graph
3 600 - 200
~ 0.10x1072-0.90x107
=50000 Vm™
electric field strength = ........cocooiiiiiiiii, vVmt[2]

(v) Hence or otherwise, calculate the electric force experienced by the charged
particle at x = 0.50 cm. State if it is in the direction of increasing or decreasing X.

F=qE
=(2.0x10"*)(50000)
=1.0x10" N
The force is in the direction of increasing x.
electric force = ... N [1]
direction of force = ........cccceeviiiiiiiineee s [1]

[SAJC 2012]

Define electric field strength E and electric potential V at a point. State the relationship
between E and V.

Two large metal plates are oppositely charged and placed a distance D apart. A
conductor of thickness d is situated centrally between the plates.

Sketch graphs, one in each case, to show the variation from A to B of
(i)  the electric potential,
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A
+V \
> X
«—> =
a0 N\
-V
Slope must be the same.
[2]
(i)  the electric field strength.
A
» X
e
d
Taking (-) into consideration.
[2]
[CJC 2012]

10 The following diagram shows two large vertical plates A and B. Plate A is connected to earth.
An electron is emitted perpendicularly from plate A with an initial velocity of 4.3 x 106 m s
towards the right. In the region between the two plates, the electron experiences an electric
force of 1.1 x 10716 N towards the left.

10 cm

(@) Define the electric potential at a point.

(b) Determine the potential of plate B.

Nanyang Junior College 46



9646 H2 Physics PR:IME!: Thermal Physics, E fields, Electricity & Circuits

F=qE
_qVv
T d
_dr
T q
(10 %1072 )(l.lx 107 )
1.60x107*°

=69V
Therefore potential of plate B is —-69 V

\%

potential =

(c) The electron comes to a stop momentarily at point P. Determine the distance between

point P and plate A.
By conservation of energy,
loss in KE = work done against electron

1 mu? =Fs

2
mu?
oF
(9.11x10)(4.3x10°)

2(1.1>< 10*16)

=0.077 m
distance =
(d) Determine the potential at point P.
V, = (EJAV
d
= % (—69)
10x10
=-53V
potential =

........................................ V2]
[TPJC 2013]

11 Two small spherical charged particles P and Q may be assumed to be fixed point charges
located at their centres. The particles are in a vacuum separated by 5.0 cm. An electron is
moved along the line joining the two charges, as illustrated in Fig. 3.1.

X

Ne
Fig. 3.1

O q

The variation with the displacement of electron from P, x of the electric potential energy E of

the electron is shown in Fig. 3.2.
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(@)

(b)

(c)

(d)

I
E jeV 4

Fig. 3.2
State and explain the sign of charge P and Q.

Calculate the magnitude of the force acting on the electron when it is at the point
x=3.0cm.
electric force = —gradient of E, —x graph

[3.0-(-1.8)](1.60x10™)

0-5.00x107?
=15x10"Y N

Calculate the work done to remove the electron from the point x = 3.0 cm to infinity.
Since at that point the potential energy is zero, the work done is zero.
work done = ... J[1]

Sketch the electric field pattern in the space around P and Q.
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12

SeE o
OO0

P is larger in magnitude, with more field lines (as the field strength is not symmetrical,
turning point nearer to Q). Arrows are pointing correctly.
[2]

(e) State the effect on the shape of the graph of doubling the charge on particle Q.

[SAJC 2013]

Two spheres Q and R, carrying charges of —3.8 nC and +7.6 nC respectively, are placed
0.060 m apart from each other, as shown in Fig. 3.1. The diameter of the spheres is negligible
compared to the distance between them.

Q R
charge —-3.8 nC (? ? charge +7.6 nC

1
1
«

0.060 m
Fig. 3.1 (not drawn to scale)

(@) On Fig. 3.1, draw electric field lines to represent the electric field in the region between
Q and R. [2]
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(b)

(c)

(d)

Deduce an expression for the potential V at an arbitrary point a distance x from Q along
the horizontal line joining Q and R.

3.8x10° 7.6x10°
Are X 47z, (0.060 — x)

V=—

[1]
On Fig. 3.2, sketch the variation with x of the potential V.

Vlh

v

x/m

Fig. 3.2
[2]

A model for the hydrogen atom consists of a proton, considered to be a point charge +e,
at the centre of a spherical electron cloud of radius R. The charge density of the cloud is
uniform, and its total charge is —e. The charge density is the charge divided by the volume
of the space occupied by the charge.
(i)  On Fig. 3.3 below, sketch graphs to show the variation with distance r from the

proton, the electric fields

1. Ep due to the proton,

2. E, due to the electron cloud.
Indicate R on the horizontal axis. Label your graphs.

E &

Fig. 3.3
[3]

(i) Explain why a point charge outside the hydrogen atom experiences no electric

force.
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[RI 2013]

13 Fig. 2.1 is a map of equipotential lines. The potentials in the region mapped are set up by a
system of small stationary charged bodies in a plane, three of which carrying charge of q,, g,

and g, are shown. All the charged bodies are fixed in their locations.
Potential values are given in volts (V). Note the signs (+/-).

Fig. 2.1
(@ (i) Define the term electric potential.

(i)  Write down the relationship between electric field strength and electric potential.
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dr

(b) Based on Fig. 2.1, state with reasons whether the charge q,, g, and g, are positive or
negative.

(c) Calculate the net work required to move an electron from point P to point R without a
gain in kinetic energy.
W =AU

=gAV
=(-1.60x10)[3.0-(-2.0) |
=-8.0x107% J

(d) Ifthe electronin part (c) is released at point Q instead, it would move under the influence
of the electric force. Sketch on Fig. 2.1 a possible path that the electron could have taken.
Label the path as L. [2]

(e) InFig. 2.2 sketch a graph to show how the electric field strength E would vary along a
straight line drawn between the body carrying charge g, to the body carrying charge q,.

Nanyang Junior College 52



9646 H2 Physics PR:IME!: Thermal Physics, E fields, Electricity & Circuits

q]_ q3

S .
1
1

»
|

displacement
from q,

I
1
I
1
1
J
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1

Fig. 2.2

Correct shape (having the turning point vs. the inflexion point). Negative and not touching
the x-axis. Larger magnitude of E at g, than at q;.

[3]
[HCI 2013]

14 The graph in Fig. 3.1 shows how the resistance of a resistor, R, and the resistance of a
thermistor, T, change with temperature.

resistance
resistor R,
thermistor T
0 5 temperature

Fig. 3.1
(@) The circuit in Fig. 3.2 shows R; and T connected in series to a 12 V battery of negligible
internal resistance.
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1{l
-
12V | I
A et
L }
Fig. 3.2

At a certain temperature the resistance of R, is equal to the resistance of T. State the
potential difference across R, and the voltage across T at this temperature.
6 V for both.

potential difference across R, = ........ccccocvviiiiiiiiicinene \

potential difference across T = .......ccccccveeeriiiiiiiiiieeeeee V [1]

(b) A second resistor, R,, having the same resistance as R, is connected in series with a
switch across the thermistor, as shown in Fig. 3.3. The temperature of R, and T is the
same as that in part (a).

Fig. 3.3

(i) The switch S is now closed. Deduce, without calculation, whether the separate
potential difference across R, and T will increase or decrease.

(i)  The effect of the resistor R, on the potential difference across R, and the potential
difference across T could have been obtained by changing the temperature of R,

and T in the circuit of Fig. 3.2. State, with a reason, whether the temperature should
have been decreased or increased.
Assume that the temperatures of R, and T are always equal to each other.

Mention that resistance of R1 must increase and that of T decreases. Hence from

[ACJIC 2012]
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15 A network of resistors R is connected between the terminals of a battery of e.m.f. E and internal
resistance r, as shown in Fig. 3.1.

%

network of resistors R

—

Fig. 3.1
The potential difference across R is V and the current in Ris I.
The variation with potential difference V of the current | is shown in Fig. 3.2.

6.0 g+
.
TIA >
TN
NN
4.0 g
- \\
N
2.0 s
™~
N
N
1 N
0 2.0 4.0 6.0 8.0 10.0 12.0
ViV
Fig. 3.2
(&) Use Fig. 3.2 to find
(i) theinternal resistance of the battery
-
V=E-Ir '
E v _ 6.0
l=——-— 12.0
rr =200
internal resistance = .......ccccccvvvvvvvieeieeeieereeeeeen, Q[3]
(i) the e.m.f. of the battery
E =y —intercept
r
E =6.0(2.0)
=120V
emf = . V[1]
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(b) Suppose the network of resistors R comprises of three resistors of resistances 2 Q, 3 Q
and 5 Q, and these resistors are all connected in series. Mark with an S on Fig. 3.2, the
point that corresponds to the V and | values for this R. Show all working clearly in the
space provided.

R=2+3+5
=10 Q
By potential divider rule,
v :( R jE V =IR
R+r \Vj
_(_10 (12.0) R
10+2.0 10
=10V 10
=1.0A
Label S at (10.0, 1.0) on graph.
Alternatively,
V =IR
1=ty
10
Draw the above line and find the intersection.
[2]

(c) If Ris a network of resistors in parallel with each other, with the smallest resistor in the
network being 1 Q, mark with a P on Fig. 3.2, a possible point that represents this R.
Explain your answer.

For resistors in parallel, the equivalent resistance is smaller than the smallest resistance
in_the network and should be less than 1.0 €. So the point should be one that gives a
ratio of V/I less than 1.0 Q (or equal to. 1.0 €). Strategy: Draw. a line of resistance 1.0.Q
on the graph and it intersects the original graph at (4.0, 4.0). Any point above this point
will yield a resistance less than 1.0 Q. . [2]
(d) Fig. 3.3 shows two possible experimental setups that can be used to measure the
resistance of a resistor R.
setup 1: | G s setup . | G .
)
R R
N Y
v/ N
Fig. 3.3
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16

Explain why setup 2 is preferred to setup 1 in determining R, if it is known that the
resistance of R is comparable to the resistance of the voltmeter and much larger than
the resistance of the ammeter.

[HCI 2012]

The variation with temperature of the resistance R, of a thermistor is shown in Fig. 4.1.

4.0
30
R;/kQ =

2.0 u
1.0

0

0 5 10 15 20 25
temperature/°C

Fig. 4.1

The thermistor is connected in series with a resistor R as shown in the circuit in Fig. 4.2.

R
L= |

/1
(O]

9.00 V
Fig. 4.2
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The battery has e.m.f. 9.00 V and negligible internal resistance. The voltmeter has infinite
resistance.

(@)

(b)

For the thermistor at 22.5 °C, the voltmeter reading is 2.70 V. Determine the resistance
of resistor R.
At 22.5 °C, R; =1600 Q, by potential divider rule,

V= Ry E
R+R,;

270 [ﬂJ(g.oo)
R +1600

R =3730 Q

resistance of R = .........ccoooiiiiiiiiiciiiniiiinnns Q[3]

The voltmeter is now removed from the original circuit and the rest of the circuit is
connected to a potentiometer as shown in Fig. 4.3.

__________________

6.20 Q

bR —

The potentiometer has a driver cell of e.m.f. 12.0 V with internal resistance of 1.50 Q. It
is connected in series with a resistor of resistance 6.20 Q and a uniform resistance wire
XY, of length 120 cm and radius 0.250 mm. The resistivity of the wire is 1.10 x 10°° Q m.
(i) Determine the resistance of the wire XY.

.|

v =1
(1.10x10°)(120x10°?)
7(0.250x10°)’
=6.72 0

resistance of wire XY = ..., Q[2]

(i)  For the thermistor at 22.5 °C, determine the balance length XJ where there is no
deflection in the galvanometer.
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17

(@)

(b)

I
Vyy :(_ Ryv JE Vi z(lijvxv
Ry, +R+r XY
VXJ
_ 6.72 (12.0) L, Z(V_}XY
6.72+6.20+1.50 Xy
~5.59V (279 (120x10°?)
5.59
=0.579 m
balance length XJ = .......ovviiiiiiiiiiiiieeeieeeeeeeee, m [2]

(iii) Explain what will happen to the position of the balance point J if the thermistor is
at a temperature of 0 °C.

A thermistor is connected in a potential divider circuit as shown in Fig. 2.1. This circuit is
used to activate an alarm system whenever the ambient temperature rises to a certain
value. The alarm bell will sound if the potential difference across it increases beyond the
pre-set value.

X Y Z

Fig. 2.1
(i) State and explain how the alarm bell should be connected to the circuit in Fig. 2.1.
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(i)  Explain the purpose of the variable resistor in the circuit.

(c) Fig. 2.2 shows a potentiometer circuit. The length of the potentiometer wire AB is 100 cm
and the e.m.f. of the driver cell is E,. The internal resistance r of the cell in the lower

circuit is 0.5 Q. The balance length AC is found to be 60 cm when the resistance of the
rheostat, Ryariavle, IS Set to 10.0 Q.
E;

R variable T

. . E
(i)  Show that the ratio E—l =1.59.

2
Vie _hae e[
Vie | R+r
Vie _ 60 _ (&]E
E, 100 10.0+0.5) ?
3 20
vAc:gE1 - (1 =ZE2 . (2)
Equating (1) and (2),
3 20
—E,=—E
51 21°
E, _100
E, 63
=1.59 (shown)
[3]
(i) Find the new balance length when the resistance of the rheostat is decreased to
3.0Q.
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18 (a)

Equating (3) and (4),

6 '
~E. = AC E
7° (100} '

| . 600E,
AC 7E,

(1)

=54 cm

new balance length = ........cccccooiiii cm [2]
[CJC 2012]
Explain what is meant by the ohm.

The ohm is the S| unit for resistance and one ohm is defined as the resistance of a

BCTOSS LIS ONe VO, e [1]
(b) Fig. 3.1 shows a circuit connecting a cable wire, a resistor r and 2 switches.
cable wire
A C
switch switch
1 r 2
B , D

E 3

“1
|
Fig. 3.1 (not to scale)
The cable wire is 7 km long and has a uniform resistance R across its entire length. A
resistor r is placed x km away from switch 1.
Fig. 3.2 shows a table of the resistance measured across the points in different situations.

resistance across AB/Q resistance across CD/Q switch 1 switch 2
- 70 open closed
64 - closed open
Fig. 3.2

With both switches 1 and 2 opened, an e.m.f. source of 16 V is connected across AB
and the potential difference across the resistor r is measured to be 15 V.
Assume that the resistance of the connecting wires is negligible.

Nanyang Junior College

61



9646 H2 Physics PR:IME!: Thermal Physics, E fields, Electricity & Circuits

(i) Determine the resistance of the resistor r.
Let / be the entire length of wire AC.
Redrawing the circuit (with switch 1 and 2 opened):

xR (7T-x)R
I S

Now with switch 1 closed and switch 2 opened:

R = XI—R +r
64l =xR+rl ... (1)
With switch 1 opened and switch 2 closed:
(7-x)R
Rep = e
701 =(7-x)R+1r ... (2)
When an e.m.f. source of 16 V is connected across AB with both switch 1 and 2
opened:
A
o o]
VAE=1EV
r Vi=15V
o

B

Using potential divider principle,

Vr = xR VAB

15=| — (16

15rl +15xR =16rl
15xR=rl ... (3)
Substitute (3) into (1),
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64l = xR +15xR
=16xR
4=xR .. (4)
Substitute (4) into (3),
15(4I) =l
r=60.0Q
FESISTANCE I'= .iiviviveeeieeeeeeeeeeeeee e Q [5]

(i) Determine the distance x where the resistor is being connected to the cable wire.

Substitute r = 60.0 Q and (4) into equation (2), From (4),
-
701 = 7R — 41 + 60 i
R_5 T2
! = 2.00 km
X S tttnrnrnrr i ——————— km [3]
(iii) Determine the power dissipated by resistor r when 16 V is applied across AB.
2
p_Yi
r
157
© 60.0
=3.75 W
power dissipated = ........ccccceeeiiiiiiiiiiieeee e W [1]
[CJC 2012]

19  Accircuit contains three identical lamps A, B and C and three switches, S,, S, and S,, as shown

in Fig. 3.1.
&

S\ S, S3\
® ®°

. oY

Fig. 3.1
One of the lamps is faulty. In order to detect the fault, an ohm-meter is connected between
terminals X and Y. When measuring resistance, the ohm-meter causes negligible current in
the circuit. Fig. 3.2 shows the readings of the ohm-meter for different switch positions.

switch ding/o
s, s, s, meter reading
open open open 0
closed open open 15
open closed open 30
open closed closed 15
Fig. 3.2

(&) Identify the faulty lamp, and the nature of the fault.
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(b)

(c)

(d)

(€)

20 (@)

Suggest why it is advisable to test the circuit using an ohm-meter that causes negligible
current rather than with a power supply.

Determine the resistance of one of the non-faulty lamps.
15Q

FESIStANCE = ...ovvvieiiiiiiieeeee e Q[1]

Each lamp is marked 6.0 V, 0.20 A. Calculate the resistance for one of the lamps
operating at normal brightness.

V =IR
RV
|

-300

FESIStANCEe = ....ovvviiiiiiiieeeee e Q1]

Explain why the resistance values in (c) and (d) are different.

[TIC 2012]

A light dependent resistor (LDR) is one whose resistance varies with light intensity.

Fig. 2.1 shows a simple circuit with an LDR. The LDR is connected in series with a fixed
e.m.f source V and fixed resistor R.

W
N §
—y
= [
Fig. 2.1

When the intensity of incident light on the LDR increases, the potential at point X
increases. State how the resistance of an LDR changes with brightness
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(b) Fig. 2.2 shows a circuit in which an LDR is used as a sensor. Point Y is connected to a
lighting system. When the potential at Y is greater or equal to 11.5 V, the lighting system
is switched on.

o 0V
Y 0 to lighting
system
300 Q2
0to 5 kQ
o +12V

Fig. 2.2
(i) On adull day, the resistance of the LDR is 500 kQ, and the variable resistor is set
to maximum resistance. Determine, with calculations, whether the lighting system
will be switched on.

500000
Y = ( 2)
500000 + 300 + 5000
=119V
So lighting system will be switched on.

[3]

(i) Calculate the resistance of the LDR when the lighting system first switches on,
assuming that the variable resistor is set to maximum resistance.

V= _ R E
R +r+R

11.5= Ry (12)
R, +300+5000

R, =122 kQ

FESIStANCE = ...oovvieiiiiiiieeee e Q[2]

(iii) Suggest why the variable resistor is included in the circuit.

(d) A modification can be made to the circuit in Fig. 2.2 so that it could be used to activate
an air-cooling system, when the temperature gets too high. Suggest the modification that
needs to be made.

Changing the LDR with a thermistor / thermostat [1]

[TPJC 2012]

21 In a metallic conductor, conduction electrons do not travel in a straight line through the
conductor.
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Fig. 5.1 shows some of the conduction electrons in a copper wire. The arrows represent the
velocities of these electrons.

™
Loy

\ .
copper wire

Fig. 5.1

Fig. 5.1 shows some of the conduction electrons in a copper wire. The arrows represent the
velocities of these electrons.

(@)

(b)

(c)

Explain, by reference to the motion of the electrons, why there is no current in the wire.

An electric field is established inside the copper wire directed as shown in
Fig. 5.2. The dots represent electrons. The velocities of the electrons are not shown.
The average velocity that an electron travels along the conductor is called the drift
velocity. Draw on Fig. 5.2 an arrow to indicate the direction of the drift velocity of the
electrons.

J ® electric field ® o ¢
. .
o [ J [ °
\
N\
copper wire
Fig. 5.2

[1]
Electric current is related to drift velocity by the equation | = nevA where
| : current
v : drift velocity
A : cross-sectional area of the conductor
n : charge density (the number of mobile electrons per unit volume)
e : electronic charge
In the circuit in Fig. 5.3, the length of the copper wire joining the negative terminal of the
battery to the lamp is 0.50 m and has a radius of 0.40 mm. There are
8.5 x 10%® mobile electrons per cubic metre in copper.
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54||_';:®_

0.50 m

Fig. 5.3
(i)  When the switch S is closed, the ammeter reads 2.0 A. Calculate the average time
it would take for an electron to move from the negative terminal of the battery to

the lamp.
| =nevA t _9
VvV = I_ \'%
neA 0.50
_ 2.0 T 2.9x10*
2
(8.5xlOzs)(l.60xlO’lg)ﬂ(OAOxlO’?’) =1700 s
=29%x10* ms*
average time = .....cvvevvvevveevieeeeeee e, s [2]

(i)  The lamp lights up in a time much less than that calculated in (c)(i). Explain this
observation.

(iii)  The circuit is now connected with two copper wires of different thickness as shown
in Fig. 5.4.

X

Fig. 5.4
Suggest and explain whether the drift velocity of electrons in the thicker wire is
smaller than, equal to, or larger than that in the thinner wire.

Current, charge _density _and _charge are_the same__in__both wires.

[HC1 2013]

22 (a) Define electrical resistance.
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(b)

fan blade

Fig. 2.1
The battery has negligible internal resistance. The output voltage V from the circuit is
equal to the potential difference across the light-dependent resistor (LDR). Fig. 2.2
shows the variation of the output voltage V with the time t.

6

VIV

0 10 20 30 40

t/ms

Fig. 2.2
(i)  Explain why the graph of Fig. 2.2 shows two levels of output voltage.

(i)  For the maximum value for the output voltage V, calculate
1.  potential difference across the 2.2 kQ resistor.
From graph, maximum p.d. across LDR is 3.0 V.
V =E-V,

LDR

=5.0-3.0

=20V
potential difference = .........ccccooiiiiiiniii, V [1]
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2. resistance of the LDR.
R

V — LDR E
LDR (RLDR + R J

R
3.0=| — R __|(50
(R+2.2x103j( )

R oz =3300Q

LDR
resistance =.........ccccceee e, Q[2]
[AJC 2013]

23 (@) (i) Define internal energy of a thermodynamic system.

(i)  Fig. 8.1 below shows a container containing two ideal gas atoms each of mass m
and travelling at a speed v; relative to the container and in opposite directions. The
container is in an aircraft travelling at speed u.

»
»

Fig. 8.1
1.  Show that the total kinetic energy, E, of the two gas atoms, taking into

account the motion of the container, in terms of m, u and v, is given by the
expression E, =mu” +mv,”.

1 2 1 2
E, =—m(v. —u) +—m(v, +u
K 2 (l ) 2 (l )
1 1 5 1 1 5
=l —mv,°—muv, + —mu° |—| —mv," + muv, + —mu
2 2 2 2

=mu® +mv;* (shown)
[2]

2. Hence or otherwise, write down an expression for the internal energy of the
gas (assuming that the gas consists of only 2 atoms) in terms of m, v, and/or

u.
U=mv,?

[1]

(b) Fig. 8.2 below shows a helium atom of mass 6.8 x 1072” kg about to strike the wall of a
container. It rebounds with the same speed and in the opposite direction.
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) wall of container
1300 m s

helium atom o—

Fig. 8.2
(i) Calculate the change in momentum of the helium atom.
AP = MAV

=(6.8x10°")[1300 - (~1300) |
=1.77x10* N's
change in Momentum = .........cccocceiiiinnnrnnnnnnnnnnnns N s [2]

(i) Calculate the number of collisions per second on each cm? of the container wall
that will produce a pressure of 1.5 x 10° Pa

. F _ NAp
p=— t
A N_F
F=pA t  Ap
=(1.5x10°)(10™) 15
_15N C1.77x107%
=8.48x10% st
number of collisions per second = .........eevvvvvvvvviiiiiiiiiiiiinnn, s3]

(c) A fixed mass of ideal gas is made to undergo the following processes as shown in
Fig. 8.3 below:

press‘ure/x 10° Pa
3

3.0

2-0 —

1.0

0 > volume/x 104 m3
4.0 5.0 6.0 7.0 8.0 9.0 10.0

(i) Use datafrom Fig. 8.3 to confirm that process BC is isothermal. Show your working.
pV =170 J evaluated correctly for 3 readings taken correctly from graph. Conclude
that since pV values are the same (or some slight variation) hence it is isothermal
(or not isothermal).

[3]
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(i)  State and explain how you would attempt to ensure experimentally that the process
BC is isothermal.

(iii) The temperature of the gas at C is 385 K. Calculate the temperature of the gas at

A.
Pa _Pc
T Te

p
Tpa= (p_/:j-rc
= (@j(gg@
3.40
=193 K
temperature at A= .......ooooiiiiiie K[2]

(iv) During the process AB, 213 J of energy is supplied by heating the gas. Calculate
the increase in internal energy of the gas.

AU = gnRAT

3
=—pAV
2p

3 5 -4

2(1.70><10 )[(10.00-5.00)10 |
=128 J

Alternatively,

AU=Q+W

=Q - pAV
=213-(1.70x10%)[(10.00-5.00)10 |

=128 J
increase in internal energy = ........ccccceviieei . J [3]
[NJC 2013]

24 (a) Two charged spheres (with excess charges +2q and —q) are placed near each other as
shown in Fig. 7.1.

+2q -q
Fig. 7.1
(i) Draw the electric field lines that should exist around them, paying special attention
to
1. the number of field lines relative to the charge of conductor.
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(b)

(i)

(i)

(i)

(iii)

2. how close the field lines should be relative to the strength of the field at a
point. [4]

1. Field lines start perpendicular to surface of sphere.

2. Twice the number of field lines coming out of 2q charge.

3. Field direction is from positive to negative charge (field lines in between
two conductors must be a connected line).

4. Field lines closer nearer in between the two charges and further apart
away from the middle. Required to have at least one field line on the left of
the —ve change and on the right of the +charge for mark to be awarded.

Draw a possible distribution of the excess charges (using ‘+’ and ‘-’) on the two

conductors. [2]
+2q -0

Note: Charge on the conducting sphere will reside on the surface and not inside

the sphere.

Number of charges is twice for 2q over g and must be at the surface of conductor
Show excess charges inclined towards each other due to attraction

Define electric potential at a point.

State whether electric potential is a vector or scalar quantity.
SCBIAL. e [1]

An isolated charged sphere has a radius a. The graph below shows the variation
of the electric potential V and the distance r from the center of the sphere.
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L4

-

Using the space provided, draw the corresponding electric field strength E against r

graph for the same range of r. [2]
E F 3

L)
-

Electric field is zero inside conductor. 1/r? decay outside conductor.

(c) An electron travels with a constant velocity through a magnetic field of flux density
0.0076 T and an electric field of electric field strength 5.6 x 10* V. m™.
(i) Show on a diagram how this is possible, indicating clearly the forces and the
direction of the fields involved.
Correct vector magnitude F,=F_

For correct magnetic field orientation for F; and E-field orientation for F_.

[3]
(i) Calculate the speed of the electron.
F =K
gE =Bqv
V = E
B
_ 5.6x10"
~0.0076
=7.4%x10° ms™
SPEEA = ..vviiiiecieeeeee e ms?[2]

(iii) Explain why this setup is called a velocity selector.

(d) (i) Ifthe electron in (¢) emerges from the electric field while still in the magnetic field,
calculate the radius of curvature of the path of the electron, R.
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(b)

F, =ma

2

mv
Bqv =

g R

RV

Bq

(9.11>< 10*31)(7.4 x 106)
0.0076(1.60><10'19)
=55x10°% m

radius = .......cccceeeeeii, m [3]

(i)  When the electron is replaced by an alpha particle moving at the same velocity,
explain if the radius of curvature is bigger or smaller.

Two point charges A and B each have a charge of +3.6 x 10™° C. They are separated in
a vacuum by a distance of 30 cm, as shown in Fig. 7.1.

| 30 cm |
- -
| |
! |
1 1
1 1
1 1
p
Adoooooo- O R EET R Q- 4B
| | |
. 75cm i . 75cm
— i
Fig. 7.1

Points P and Q are situated on the line AB. Points P and Q are 7.5 cm from charges A
and B respectively.
(i)  Calculate the force of repulsion between the charges A and B.

F = QAQB

Arme,r?
(3.6x10°)
) 47(8.85x107%)(30x10°2)°
=1.3x10° N

(i)  Explain why, without any calculation, when a small test charge is moved from point
P to point Q, the net work done is zero.
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(iif) Calculate the electrical potential at point P due to the charges at A and B.

V, = Q + Qe
drg,r,  Amgyly
Q[ 1
Amey \ Iy Ty
3.6x10° 1 1
= +
47(8.85x107%)| 7.5x107 (30-7.5)10°

=580V
electrical potential = .........ccccccvvvviiiii, V2]

(iv) Hence, calculate the work done in moving an electron from the midpoint of the line

AB to point P.
_ QG
=
Are,r,  Amely W = AU
27eyl .
36x10 =(-1.60x10*)(580 - 432)
.0 X
" 27(8.85x10 7)(15x10°?) =-2.3x10""J
=430V
WOrk done = ....oovvvvviviiiiiiiii J[3]
(c) The point charge at B is removed and replaced by charges of unknown value g as shown
in Fig. 7.2.
] |
| |
Ad - _ 4B
Y ‘
1 X 1
Fig. 7.2

The variation with distance x from A along AB of the potential V is shown in Fig. 7.3.
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(i)

(ii)

(iii)

600

viv

400

200

-200

—400

-

-600

Fig. 7.3
State the value of x at which the potential is zero.
X =18.0 cm

State and explain the direction of the electric field between A and B at this point
where the potential is zero.

Use your answer in (i) to determine the charge q.
Atx=18cm, V=0,

V,+V; =0
Q , Q _
drg,t,  Areyly
r.A r.B

Qs = _(r_BjQA
I
_ _(30.0 _18'0](3.6 Xlo,g)

18.0

=-2.4x10° C
charge g=.....cccccciiiii e, C[3]
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(iv) A small test charge is now moved along the line AB from x =5.0 cm to x = 27 cm.
State and explain the value of x at which the force on the test charge will be a
maximum.

[1JC 2013]

26 (a) The new Galaxy Sl uses a battery of capacity 2100 mAh, and e.m.f. of 3.7 V. It has
been tested that when the phone is in its standby mode, the current is only 7 mA.
(i) Define current.

(i)  Define the volt.

(iii) Calculate the duration in hours that the Slll can be in the standby mode.
. 2100
7
=300 hours
duration = .......ccceeeiiiiiie h[2]

(iv) State and explain in practice, if the answer calculated in (iii) is an overestimation
or underestimation of the actual value.

(v) If the battery is connected to a heater that is immersed in water (in liquid form) at
0 °C, estimate the mass of this water that the temperature can be raised to 100 °C.
Specific heat capacity of water = 4200 J kg K.

Q =mcéd

Pt =mcéo
IVt =mcé
IVt
m=—
co
(2100x10°°)(3.7)(60x60)
4200(100)
=0.0666 kg
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(b) LDRis used to control the brightness of the phone screen such that when it is in the dark,
the brightness of the screen should decrease. The brightness of the screen increases
with voltage supplied to it.

---| screen device |-

(i) In boxes A and B, draw appropriately a LDR and a 5 Q resistor so that the screen
works normally. [1]

(i) The range of resistance of the LDR is between 12 Q and 20 Q. Calculate the
potential difference that the screen device receives when the phone is in a very
dark environment.

When dark, R, 5 = 20 Q. By the Potential Divider Principle,

V = L E
R+Rr

2(5 +520j(3'7)

=0.74V

potential difference = .........ccooeeiiiiiiiiiiiicic, V[2]

(c) Some application programs (Apps) of the phone also require the relative brightness of
the phone to be adjusted. This can be done by turning On/Off various switches on the
circuit board.

S

2

. /AN To o /AN
| — —

N P Y Z
(i) Assuming that all the resistors shown above are 2 Q, calculate the effective
resistance across MN when both switches are closed.
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When both switches are closed, the diode will be bypassed.
-1

11 1)
ROPZ(E'FE-FEJ R _ 1_}_ 1
"ol2 (34)
= 9 Q 7
7
=1.4Q
effective resistance = .........ccccceeeeeeiiiiiiiiiieeceee Q[2]

(i) S, is closed while S; opened, in a bright environment, the current flowing through
R, is 0.197 A. In the table below, determine the potential at M, N, O and P. In the

table below, determine the potential values at M, N, O and P.
Working must be clearly shown in the space below.

potential/V
M 0
N 0.394
(0] 0.157
) 0.236
V =IR,,
S E S NP = RL
V,, =0 (- grounded) i “\5 ) F off
=13.4Q _ 3
13.4
=0.276 A
3 2
Ve = [_jVNM Vo = [_ Vi
V, =V — IR, 3+2 3+2
=3.7-0.276(12) :@j(o.sm) :[% (0.394)
=0394V =0.236 V =0.157 V

[3]
[SRJIC 2012]

27 (@) A cell of electromotive force (e.m.f.) E and internal resistance r is connected in
series with a resistor R, as shown in Fig. 8.1 below.

F- - T T T T T T ST TS o o 1

Fig. 8.1
The cell supplies 8.1 x 10° J of energy when 5.8 x 10® C of charge moves completely
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round the circuit. The current in the circuit is constant.
(i) ShowthatEis1.4V.

W =QE
E-W
Q

~ 8.1x10°

5.8x10°

=1.4V (shown)
[1]

(i)  The resistor R has resistance 6.0 Q. The potential difference between its terminals
is 1.2 V. Determine the internal resistance r of the cell.

V =IR V=E-Ir
Y _E-V
R I
12 14-12
6.0 ~0.20
=0.20 A =0.98 Q
P Q[2]
(iii) Calculate the total energy transfer in the resistor R.
P«R
E [ R jw
R+r
(80 (8.1x10%)
6.0+0.98
=7.0x10° J

energy transfer = ........cccccoviiiiniee e J[2]

(iv) Describe, in terms of a simple model of electrical conduction, the mechanism by
which the energy transfer in the resistor R takes place.

(b) The graph Fig. 8.2 below shows the V- characteristic for two 12 V filament lamps A and
B.
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i i
Potential i Fa
Difference Lamp & LA LampB 1A
n 12 W
i 1
i
./!’
¥ 1
/“r ra
i =
o -
y -
A =
/ -
J/ ~ ] ]
F .._
i 05 1.0
i+ |
Current [ A
Fig. 8.2

(i) Based on the features of Fig. 8.2, explain why these lamps do not obey Ohm’s law.

(i) State and explain which lamp has the greater power dissipation for a potential
difference of 12 V.

(c) The two lamps in (b) are now connected in series with a 12 V battery as shown in
Fig. 8.3 below.

—

Lamp A Lamp B

Fig. 8.3
(i)  State how the current in lamp A compares with that in lamp B.
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28

(d)

(@)

(b)

(i)  Use the V- characteristics of the lamps in Fig. 8.2 to deduce the total current from
the battery.
V,=12Vie.V,+ Vg =12 V. From graph, current = 0.40 A.

CUIMENE = ..o A[2]

(iii)  State and explain which lamp will be brighter under its operating conditions.

Six resistors are connected to an e.m.f. source and ammeter as shown in Fig. 8.4 below.

2 k() X 5kQ
—: b | I
10 k(2
Bk 15 kQ
Be—{ ] . I
Y
" ®
|
emf source
Fig. 8.4

State and explain which of the six resistors can be removed and yet the ammeter reading
will remain unchanged.

(i) Listall the quantities that determine the state of an ideal gas.

(i) State what is meant by an ideal gas.

A rigid storage cylinder contains 6.1 moles of an ideal gas. The gas is at a temperature
of 23 °C and a pressure of 5.0 x 107 Pa.
(i)  Show that the number of gas atoms in the storage cylinder is 3.67 x 10%.
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N
n=—
NA
N =nN,
- 6.1(6.02><1023)
=3.67x10%* (shown)

[1]

(i) The gas leaks slowly from the cylinder such that, after a time of 35 days, the

pressure has reduced by 3.0%. The temperature remains constant.
1. Determine the number of gas atoms that remains in the cylinder.

pocN

p_N
p N
Nl

:[p_'jN
p
= 0.97(3.67 ><1024)

=3.56x10*
number of gasatoms = ...............ccceeeee, [2]

2.  Calculate the average rate, in atom per second, at which the gas atoms
escape from the cylinder.
N-N'

rate of escape =

~ (3.67-3.56)10
~ 35x24x60x60

=3.64x10" s
average rate of eSCapPe = ......uvvvvvviriireriverrierriereeeeee s1[2]

3. Explain why the rate of escape obtained in (b)(ii)2. is an average rate.

Pressure is_higher initially therefore molecules escapes faster initially. . [1]

[ACJC 2015]

29 Avariable resistor of resistance R is connected between the terminals of a battery of e m.f. E
and internal resistance r as shown in Fig. 3.1.

(@ () Show that the current | in the circuit is given by | = = :
+r

Nanyang Junior College 83



9646 H2 Physics

PR:IME!: Thermal Physics, E fields, Electricity & Circuits

(i)

(b) (@)

(i)

30 (a) State
0)

(i)

[1]

According to the Maximum Power Theorem, the power dissipated in the variable
2

, , E
resistor reaches a maximum value of 4— .
r

Determine the value of R in terms of r when this occurs.
P=I°R

2
(7 v
R+r

2 2
E"_[_E )R
4r R+r

R=r

Write down an expression of the efficiency 7 of the transfer of power from the
battery to the variable resistor in terms of R and r.

— Dout
b

in
I’R
1(R+r)
R
R+

[1]

The resistance of the variable resistor is varied such that the energy is transferred
to it at maximum efficiency. State and explain the choice of R compared to r.
R
R+r
1

]7:

1+ -
R

what is meant by a line of force in
a gravitational field,
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(b) A charged metal sphere is isolated in space.
State one similarity and one difference between the gravitational force field and the
electric force field around the sphere.

(c) Two horizontal metal plates are separated by a distance of 1.8 cm in a vacuum. A
potential difference of 270 V is maintained between the plates, as shown in Fig. 5.1.

ov

proton —__ o
—

+270V

Fig. 5.1
A proton is in the space between the plates. Explain quantitatively why, when predicting
the motion of the proton between the plates, the gravitational field is not taken into

consideration.
F. =qE
Fs =mg _ ﬂ
d
=(1.67x107%")(9.81
( . (o289 (1.60x107)(270)
=16x10"° N = 18x10°
=24x10" N

Electric force very much greater than gravitational force. ... .. [3]

Work done per unit positive charge in. moving a point charge from infinity to the point. __[1]

(e) Two point charges A and B are separated by a distance of 20 nm in a vacuum, as
illustrated in Fig. 5.2.

20nm
L SO DS B
! g 5
Fig. 5.2
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A point P is a distance x from A along the line AB.
The variation with distance x of the electric potential V, due to charge A alone is shown

in Fig. 5.3.
0.8
potential
ViV
Va \/B;f:
0.6
/
/|
0.4
0.2 e
0
2 4 6 8 10 12 14 16 18
x/nm
Fig. 5.3

The variation with distance x of the electric potential V, due to charge B alone is also

shown in Fig. 5.3.
(i) State and explain whether the charges A and B are of the same, or opposite, sign.

(i) Use Fig. 5.3 to determine the charge on A.
V,=0.36 V when x = 8.0 nm (any value from graph of V,)

= QA
A Ame x
Q, =4reV X
= 47(8.85x10?)(0.36)(8.0x10°)
=3.2x10" C

(iii) By reference to Fig. 5.3, state how the combined electric potential due to both
charges may be determined.

(iv) Without any calculation, use Fig. 5.3 to estimate the distance x at which the
combined electric potential of the two charges is a minimum.
x =11 nm (allow value of x between 10 nm and 13 nm)

(v) The point P is a distance x = 10 nm from A.
An ¢ particle has kinetic energy E, when at infinity. Use Fig. 5.3 to determine the

minimum value of E, such that the « particle may travel from infinity to point P.
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(@)

(b)

V =0.14+0.29
=0.43 (allow 0.42 Vt0 0.44 V)
loss in kinetic energy = gain in electric potential energy
=(qAV
=2(1.60x107°)(0.43-0) (~V, =0)

=1.4x10™ J
E, at infinity is min if E, at P is zero. Hence min E, is 1.4 x 107° J

(vi) On Fig.5.4, sketch the variation with x of the combined electric field strength E due
to the two point charges A and B for values of x from 6 nm to 14 nm.

E A

Fig. 5.4
[2]
[AJC 2015]
A student states, quite wrongly, that temperature measures the amount of thermal

energy in a body.
State and explain two observations that show why this statement is incorrect.

(i) A beaker containing a liquid is placed on a balance, as shown in Fig. 6.1.

Nanyang Junior College 87



9646 H2 Physics PR:IME!: Thermal Physics, E fields, Electricity & Circuits

liquid \_______________/heater

insulation E:?Z:::::::é
:E?EEEE%: pan of
7 - / balance
Flig. %.1

A heater of power 110 W is immersed in the liquid. The heater is switched on and,
when the liquid is boiling, balance readings m are taken at corresponding times t.
A graph of the variation with time t of the balance reading m is shown in Fig. 6.2.

O [ 1

m/g

360 P

340 T

820 A

3000 2 4 6 8

t/min
Fig. 6.2
1. State the feature of Fig. 6.2 which suggests that the liquid is boiling at a
steady rate.

2.  Use data from Fig. 6.2 to determine a value for the specific latent heat L of
vaporisation of the liquid.
Pt =mL

110(7.0-0)(60) = [ (372-325)10° |L
L=9.80x10° Jkg™ (allow 9.8 to 9.9 rounded to 2 s.f.)
L= Jkgt[2]
(iii) State, with a reason, whether the value determined in (b)(ii)2. is likely to be an

overestimate or an underestimate of the normally accepted value for the specific
latent heat of vaporisation of the liquid.
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(c)

(d)

(i)

(i)

(iii)

(i)

(i)

The equation pV = constant xT relates the pressure p and volume V of a gas to its
thermodynamic temperature T. State two conditions for the equation to be valid.

A container has a volume of 2.1 x 10~ m®. On a day when the temperature is 15 °C,
the pressure of the air in the container is 280 kPa.

Based on the conditions stated in (c)(ii), calculate

1. number of moles n of air in the container,

pV =nRT
V
-5
(280x10°)(2.1x10°)
8.31(288)
=0.25 mol

N = mol [2]

2.  the new temperature of the air in the container when the container is heated
until the pressure rises to 290 kPa. Assume that no air has leaked from the
container and that the volume is constant.

p_pP
T T pV =nRT
v rov
p nR
290x10°%)(2.1x10°°
— (@j(288) — ( x )( X )
280 0.25(8.31)
=298 K =293 K
=25°C =20 °C (accepted)
temperature = ........ccccevveeieviiieiieeeee °C[1]

Write down an equation representing the first law of thermodynamics, defining your
symbols carefully.

The volume occupied by 1.00 mol of liquid water at 100 °C is 1.87 x 107> m3. When
the water is vaporised at an atmospheric pressure of 1.01 x 10° Pa, the water
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32 (a)

(b)

vapour has a volume of 2.96 x 102 m®. The latent heat required to vaporise
1.00 mol of water at 100 °C and 1.01 x 10° Pa is 4.05 x 10* J.
Determine, for this change of state, the change in internal energy of the system.

W =-pAV AU =Q +W
=—(1.01x10°)(2.96x10% ~1.87x10°°) =4.05x10* — 2990
—-2990 J =3.75x10* J

change in internal eNergy = .....cccccoovviiieieieee i, J[3]

(iii)  Using your answer to (d)(ii), estimate the binding energy per molecule in liquid

water.
binding energy per molecule = Lxm;
6.02x10
=6.23x10% J
binding energy per molecule = .........coovvvvveviiiviiieieiiiennnn, J[2]

Define the volt.

Fig. 2.1 shows the variation of current | with potential difference V for three components:
two diodes (D, and D,) and a resistor (R).

0.20 D, D, H
0.15
A

0.10

0.05

00 02 04 06 08 10
VIV
Fig. 2.1

(i)  State the range of values of V where the resistance of R is the lowest among the
three components. Briefly explain how you deduced this from the graph.

(i)  Fig. 2.1 shows that a current flows through D, and D, only above a minimum
voltage. Explain why.
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(i) D,, D, and R are connected across a metre-long wire with a resistance of 5.0 Q in

(iv)

the circuit shown in Fig. 2.2.

45V 100
|| 1
| | L
wire
x /
P ; Q
D)
L™
D, R D,
Fig. 2.2

Use Fig. 2.1 to explain why a minimum length x is required for a current to flow
through D,, D, and R in the circuit shown in Fig. 2.2.

Draw in Fig. 2.2 to show how voltmeters may be connected to obtain the |-V graphs

in Fig. 2.1. [1]
45V 100
| | 1
| | LI

Vary x, and record the ammeter and voltmeters readings.
[CJC 2015]

Fig. 3.1 below shows the variation with volume of the pressure of an ideal gas contained within
a cylinder. The gas is initially at state X.

Nanyang Junior College 91



9646 H2 Physics PR:IME!: Thermal Physics, E fields, Electricity & Circuits

3.2
pressure/10° Pa

3.0 \

A

2.8

2.6 ~

2.4 X

volume/10-3 m?3
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

2.2

Fig. 3.1
(&) When the gas is compressed from X to Z along the curved path, 25.5 J of heat energy
goes out of the gas and 15.6 J of work is done on the gas. Using Fig. 3.1,
(i) determine whether the change is isothermal.

PyVy =(2.4x10*)(1.7x107) p,V, =(3.1x10*)(1.1x107)

=40.8 Pam’® =34.1Pam’
Since pV =nRT and nR is a constant, hence the product of pressure, p and volume,
V must remain the same if T is constant. From the working steps as shown above,
since the pV values at points X and Z are not equal, we can conclude that the
process XZ is not isothermal.

[2]

(i) determine the quantity of heat supplied to the gas when the gas increases pressure
from X to Z along the paths XY and YZ.
The change in internal energies between points X and Z is the same for both paths
since the starting and ending states are the same.

AUy; =AUy, W,, = area under XYZ
Qo +Wie =AU = (3.1x10*)[(1.7-1.1)10° |
AU,,, =-25.5+15.6
_ 993 =18.6J
AUy, =Qyyz + Wiy,
Quvz =AUy, Wiy,
=-9.9-18.6
=-285J
heat supplied = ..o, J[3]

(b) A car tyre of volume 1.60 x 102 m® contains air at a temperature of 30.0 °C and a
pressure of 2.6 x 10° Pa. A foot pump is used to pump air into the tyre to increase the
pressure to 3.1 x 10° Pa. Each stroke of the pump pushes 3.0 x 10 m3 of air at
1.0 x 10° Painto the tyre. The temperature of the air stays constant at 30.0 °C throughout
the whole process. You may assume that air behaves like an ideal gas in this situation.
(i)  State what is meant by an ideal gas.
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(i)  The initial number of moles of air in the tyre is 1.65 moles. Calculate the number
of strokes needed to raise the pressure of the car tyre to 3.1 x 10° Pa.

pV =nRT
n-PV
RT

) (3.0 xlO"‘)(l.O ><105)
8.31(30.0 +273.15)

=0.0119 mol
Assuming V and T remain constant, from the ideal gas equation, n is proportional
top

5
_ 3.1x 105 (1.65)
2.6x10
=1.97 mol
Thus, the number of moles of air required to fill the car tyre is:
An=n'-n
=1.97-1.65
=0.317 mol
where n” and p’ are the number of moles of air and pressure of the tyre after the
pumping action and n and p are the number of moles of air and pressure of the
tyre before the pumping action.
0.317
0.0119
=26.7
=27
number of strokes required = ..........cccceevcininniniiniininn, [4]
[CIC 2015]

no of strokes required =

34 (a) Distinguish between electric potential and electric potential energy.

(b) A cable used for the transmission in an electrical distribution system has a circular cross-
section of radius 0.012 m. Fig. 2.1 is a full-scale drawing showing the electric field
surrounding the cable together with lines of equal potential at an instant when the
potential of the cable is +564000V.
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104

potential
+564 000V

525000V

‘r
Fig. 2.1 (to scale)

(i) State the relation between electric field strength and potential gradient.

(i) Use Fig. 2.1 to estimate the potential gradient near the surface of the cable.
dv 564000 - 550000

dr 3x107°
—4.7x10°Vm*

potential gradient = .............cccccoeeeeiiiee e, vV m?t[3]

(iii) Explain why a cable of a larger radius, but at the same potential, will have a smaller
electric field at its surface.

(iv) On Fig. 2.2, sketch the electric field lines near a cable of square cross-section.

cable

Fig. 2.2
Field lines are at right angle to conducting surface. Field lines concentrating at the
corners of the square cross section.
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Note: The shape of the cable would not make much difference to the pattern a long
way from the cable.
[3]

[DHS 2015]

An ideal gas is enclosed in a cylinder by means of a movable frictionless piston as shown in
Fig. 3.1. Any collision between the gas atoms and the piston or the walls can be assumed to

be elastic.
': piston
]
Fig. 3.1
(@) With reference to the gas atom shown in Fig. 3.1, state and explain whether the

(b)

(c)

momentum of the gas atom is conserved when it collides with the stationary piston.

The piston is moved outward rapidly so that the volume of the cylinder increases. Use
kinetic theory to explain what happens to the temperature of the gas immediately after
the piston motion.

The cylinder is now turned upright, as shown in Fig. 3.2. The 8.0 kg piston has a cross-
sectional area of 60 cm?. Atmospheric pressure is 100 kPa. The gas is then taken
through two stages:

stage 1:  The gas is heated from 30 °C to 100 °C. The piston rises 20 cm.

stage 2:  The piston is fastened in place and the gas is cooled back to 30 °C.

Fig. 3.2
(i)  Calculate the work done on the gas in stage 1.
W =—-pAV
8.0(9.81
=—|100x10° + (—4) (20x107)(60x10*)
60x10
=-136J

work done on gas = ..o J [3]

(i) Determine the net heat gain after the gas is put through stage 1 and 2.
For stage 2, W=0J.
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(b)

AU =Q+W
0=W +(-136)
Q=136J
netheat gain = ......cccccevviiiiieniee e J[2]
[HCI 2015]

Define electric potential.

A solid, charged metal sphere holding a positive charge of 8.85 pC is situated in a
vacuum as shown in Fig. 1.1.

54— 2.00cm —»&—— 2.00cm —>

B

B A
Fig. 1.1
(i)  What is the electric potential at point A?
= L
A daegr,
B 8.85x10™"
47(8.85x10"*)(2.00x107?)
=3.98V
potential = .......cccccvvvvviriieiiieriieieene, V [1]
(i)  What is the potential difference between points A and B?
V o« = Vo=V = (l_ r_A]VA
r s
Vo _Ta :(1—1j(3.98)
V, Iy 2
r =199V
Ve = - Va
rB
potential difference = .........ccooeeiiiiiiiiiiiiici, V[1]

(iii)  Within the dotted region in Fig. 1.2, draw
1. lines of equipotential passing through A and passing through B.
2. one electric field line (label as E) originating from the charged metal sphere.
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Fig. 1.2
Equipotential lines must be circular and centred with sphere. Field line must
be straight, arrowed and begins from surface of sphere.

[2]

(iv) At what speed must a proton, positioned at B, be launched so that it follows a path

from B to A and then returning to B with the same speed with which it was initially
launched.

loss in kinetic energy = gain in electric potential energy

1 5
—mv° =qV
> q

2qV
m

J2(1.60 x1077)(1.99)
- 1.67x107%
=1.95x10* ms™

SPEEA = .o m s [2]

(v) At what speed must an electron, positioned at B, be launched so that it travels
along the line of equipotential passing through point B.
Electron move in a circular arc, centripetal force is provided by the electric force.
This force acts perpendicular to direction of motion. By Newton’s Second Law,

F=ma
Qq  mv?
Arg,r? r

v = f Qq
g, mr
B (8.85><10’12)(1.60><10’19)
N 471'(8.85xlO’lz)(9.1lx10’31)(4.0><10’2)

=5.91x10° ms™

SPEEA = ..vviiiieceeee e ms?[2]
[HCI 2015]
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Answers
MCQ
1 D D 3 A 4 B 5 D
6 C D 8 B 9 B 10 A
11 D 12 C 13 A 14 A 15 C
16 D 17 C 18 B 19 A 20 D
21 B 22 A 23 B 24 D 25 C
26 B 27 A 28 B 29 D 30 C
31 D 32 D 33 D 34 B 35 D
36 B 37 B 38 B 39 A 40 A
41 C 42 C 43 C 44 D 45 B
46 C 47 C 48 C 49 B 50 A
51 C 52 C 53 A 54 A 55 D
56 A 57 A 58 B 59 B 60 D
61 C 62 A 63 B 64 C 65 C
66 B 67 C 68 B 69 C 70 A
71 C 72 C 73 A 74 D 75 C
Short Structured Questions
1(b)(iii)2. | 3.36 x 10°J kg™ | 2(c) 4220 J kgt K1 2(d)(ii) 4180 J kgt Kt
3(b) 2.58 x 10°J 3(c)() 1.69 x 10°J 3(c)(ii) 2.09 x 108)
3(c)(iii) 2.09 x 108 4(a) 289 K 4(b) 180 J
4(c) 170 5(a) 628 K 5(b)(ii) 533 K
5(b)(iii) 44.9J 6(c)(i)1. 6.0 x 10*°m s 6(c)(i)2. 2.6 x 10°m s
6(c)(ii) 1.5 x 105K 7(b)(ii) 50x 105V m?t | 8(b)() —6.0x 1070
8(b)(ii) 1.8V 8(b)(iv) 50000 V m™ 8(b)(v) 1.0x107'N
10(b) 69 V 10(c) 0.077m 10(d) 53V
11(b) 1.5 x 101N 11(c) 0J
12(b) Voo 3.8x107° N 7.6x107° 13(c) 80x 103
drg X 47, (0.060 - x) '
14(a) 6 V for both 15(a)(i) 20Q 15(a)(ii) 120V
15(b) 10V 16(a) 3730 Q2 16(b)(i) 6.72 Q
16(b)(ii) 0.579m 17(c)(ii) 54 cm 18(b)(i) 60 Q
18(b)(ii) 2.0 km 18(b)(iii) | 3.75W 19(c) 15Q
19(d) 30Q 20(b)(ii) 1.22 x10°Q 21(c) 1700 s
22(b)(ii)1. | 2.0V 22(b)(ii)2. | 3300 Q 23(b)(i) 1.8x10%2Ns
23(b)(ii) 8.5x10% s 23(c)(iii) 193 K 23(c)(iv) | 128
24(c)(ii) 7.4 x10°ms™ 24(d)(i) 55x10°m 25(b)(i) 1.3x10°N
25(b)(iii) | 580V 25(b)(iv) |-2.3x10J 25(c)(i) 18.0 cm
25(c)(iii) | -2.4x10°C 26(a)(iii) | 300 h 26(a)(v) 0.0666 kg
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0, 0.394, 0.157,

26(b)(i)) | 0.74V 26(c)(i) | 140 26(C)(i) | o'pag

27(a)(ii) | 0.98 O 27(a)(iii) | 7.0 x 10%J 27(c)(ii) | 0.40 A
28(b)(ii)1. | 3.56 x 10% 28(b)(ii)2. | 3.64 x 106 s 29(a)(ii) |r

29(b)(i) RFir 30(e)(ii) | 3.2x10°C 30(e)(iv) | 11 nm

30(e)(v) | 1.4x107%°J 31(b)(ii)2. | 9.8 x 105Jkg™ | 31(c)(iii)1. | 0.25 mol
31(c)(iii)2. | 20 °C 31(d)(ii) | 3.75 x 10%J 31(d)(iii) | 6.23x 102
32(b) 0Vt00.33V 33(a)(ii) |-28.5J 33(b)(ii) | 27

34(b)(ii) |4.7x10°Vm*t |35(c)(i) |-136J 35(c)(ii) | 136J

36(b)(i) |3.98V 36(b)(ii) | 1.99V 36(b)(iv) | 1.95x 10*m s
36(b)(v) |5.91x10°m s
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