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Section A (Multiple choice questions)
(Each question carmes 3 marks TOTAL [30])

1) The deal-gas law pV = nRT can be transfoimed nto pV = NkgT if

N
{(3) n= N_a_ and kg = -N—A

N
(4) nzwandR:NiA

(5) None of the above
1
4V2r(N/VY) 2

2) The equation of the mean free path A 1s given by A = Solving this equation for r

one obtains

1
(1) r=
' 2/ V2r(N/V)A
1
(2) =
4/ V2r(N/V)A
A
(3) r=—————e
4/ V2r(N/V)
(4) r = %

44/ \/ﬁrr

(3) None of the above

o U X T
3) The following mathematical equation B = Ho qu !

2 7— Tepresents one of the following laws
TeEp T

{1) Biot-Savart law

(2) Lenz’s law

(3) Second law of thermodynamics
(4) Faraday’s law

(5) None of the above
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Page 2 of 9



4)

PHY 1506
May/June 2018

When a fixed amount of 1deal gas goes through an 1sothermal expansion

(1) its internal {thermal) eneigy does not change,

{2) the gas does no work,

(3) no heat enters or leaves the gas

(4) 1ts temperature inust decrease,

(5) none of the above

A pont charge ¢ 1s located a short distance from a pomnt charge 3q, and no other charges are present

If the electrical force on g 1s F what 1s the electrical force on 3g when the distance between the two
charges 1s reduced half ?

(1) 4F

(5) none of the above

If a current of 2 4 A 15 flowing 1n a cyhndrical wire of diameter 2 0 min, what 1s the average current
density m this wire?

(1} 52 x 107 A/m?,
(2) 76 % 10° A/m?,
(3) 19x 10°A/m?,
(4) 36 x10°A/m?,

(5) none of the above

[TURN OVER]
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Some of the following statements represent Kirchhoff’s loop laws

(1) An equipotential surface due to an electrode must roughly match the shape of the electrode
(2) The sum of cuirents entering a junction 1s equal to the sum of currents leaving the junction

{(3) There 1s an mduced current 1n a closed, conducting loop if and only if the current 1s such that
the mduced magnetic field opposes the change m the flux

(4) The sum of all the potential differences 1 a closed path 1s zeto
(5) (2) and (4) are correct

1 Q
Aweg /22 + R?

The potential of a 11ing of radius R and charge Q 1s gtven by Vg = The z-component

of the corresponding electric field E, 1s

1 q
! zQ
@) £ = dmeg (22 + R2)3/2
1 22Q
(3) EZ - 471'60 (32 + R2)5/2
(4) E, =0

(5) None of the above

In an LR circuit, the current 15 given by [ = Ioe™"”", wheie 7 1s the time constant Solving this
equation for t, we obtan

) t=-rin (1)

(5) None of the above
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10) Which one of the following statements 1s incorrect”

1
(1} In an LRC cucut, the resonance occurs when wl = =
w

1
(2) The resonance fiequency 1s given by wy = —

vIC

(3) At resonance, the current an RLC circuit 1s munmuin
(4) The phase angle 1s 0° at 1esonance

(5) All the statements above are mcorrect,

[TURN OVER]
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SECTION B (Written solutions)

Question 1

Analyze the heat engine of the figure below to determine

(a) the net work done per cycle (Woy) (12)
(b) the engine’s thenmal efficiency The engine contains a monoatotmc 1deal gas (8)
[20]

300 K 1sotherm

p(kPa)
w0t ; 3
100 +
35
(] } t }
0 200 400 600 V (cm?)

Question 2

The figure below shows three point charges that he in the z,y plane Determine the magmtude and

direction of the net electrostatic force on ¢, 1f g3 = +4uC, ¢ = 6 uC and g3 = =5 uC [10]
q3
015
73° ®
a1 010m qo
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Question 3

The drawing below shows an electric circuit, wheie resistors are connected to a battery If the current
1 the 8 082 resistor 1s 05 A, calculate

8000
2000
1600
9000 -
Hi-
1l
(a) the equivalent resistance, (6)
(b) the current n each 1esistor, (6)
(¢) the total current flowing in the circuit, (3)
(d) the voltage of the battery, (3)
{e) the electric power of the circuit (2)

[20]
Please summarize your results in a table for a better reading

Question 4

An AM radio antenna picks up a 1000 kHz signal with a peak voltage of 50mV The tuning circuit
consists of a 60 uH mductor in series with a vanable capacitor  The mductor coil has a 1esistance of
0251, and the resistance of the rest of the cucuit 1s negligible

(a) To what value should the capacitor be tuned to Listen to this tadio station? (Note that the capacitor
needs to be tuned to where 1t 15 in resonance with the inductor) (4)

{b) Calculate the peak current through the cicuit at resonance (3)

(c) A stronger station at 1050 kHz produces t0mV antenna signal Calculate the current at this fre-
quency and the cortesponding phase angle when the radio 1s tuned to 1000 kHz (4)

10}
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Question 5

A magnetic field passes through a stationary wire loop, and 1ts magnitude changes i time according to
the graph n the drawing The direction of the field remains constant however There are three equal
time iniervals indicated 1n the graph 0—30s, 30-60s, and 6 0—-90s The loop consists of 50 turns
of wire and has an atea of 0 15m? The magnetic field 1s oriented paiallel to the normal to the loop (1e

the angle ¢ = 0°)

B(T)
044--anm-n-
e e R
0 i E 5
0 30 60 90 s)
(a) For each interval, determune the induced emf (5)

(b) The wire has a 1esistance of 0 50Q Determine the induced cuirent for the first and last mtervals
(5)
[10}

TOTAL: 70 MARKS
[TURN OVER]
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PV =nRT
; k
Ug='0 p_ N
IEV r
[¢
Br=mgr

QC+W0uL:QII
R=FR+ R

W
=5

Ve=1IR

Qp = nCpAT

W = pAV

AEy =Q —W

LAY}
T, Ty

USEFUL INFORMATION

ks =138 x 102 J/K
e=160x107""C
K =90 x 109 Nm?*/C?
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FORMULAE
Q = mCAT
W
Qp = —%
i 1
J - E
11
R R Ry
1
Wy = ——=
T VIC
I= %
VR (X + X¢)?
. A
VC,‘=1AC, EZANKE—’ ‘I)ZABCOSQB
Qv = HC\ AT

Cp = %R, Cv = %R {monecatormic ideal gas)

po = 4m x 1077 Tin/A

W =nRTIn(V;/V,) (1sothermal)
AEth = Q
AEy, = nCy AT {any process)

5
Eg = anBT (dhatomic gas)

Ny =602 x 102 mol ™!
R=831]/mol K
1nC=10"%C
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MARK READING SHEET INSTRUCTIONS

Your mark reading sheet 1s marked by computer and should therefore be filled 1n thoroughly and
correctly

USE ONLY AN HB PENCIL TO COMPLETE YOUR MARK READING SHEET

PLEASE DO NOT FOLD OR DAMAGE YOUR MARK READING SHEET

Consult the llustration of a mark reading sheet on the reverse of this page and follow the mnstructions step by
step when working on your sheet

Instruction numbers 0 to @ refer to spaces on your mark reading sheet which you should fill 1n as

follows

Q00 S

©

Write your paper code 1n these eight squares, for mstance

P[S|[Y|[1]0]0]-}X

The paper number pertamns only to first-level courses consisting of two papers

WRITE | 0 | 1 | forthe first paperand | O | 2 | for the second If only one paper, then leave blank

Fill in your nitizls and surname
Fiil in the date of the examination
Fill in the name of the exammnation centre

WRITE the digits of your student number HORIZONTALLY (from left to night) Begn by filling in the
first digit of your student number 1n the first square on the left, then fill in the other digits, each one ina
separate square

In each vertical column mark the digit that corresponds to the digit in your student number as follows
[-]

WRITE your unique paper number HORIZONTALLY

NB Your unigue paper number appears at the top of your examnation paper and consists only of digits
(e g 403326)

In each vertical column mark the digit that corresponds to the digit number 1 your unique paper
number as follows {-]

Question numbers 1 to 140 indicate corresponding question numbers 1n your examination paper The

five spaces with digits 1 to 5 next to each question number indicate an alternative answer to each
question The spaces of which the number correspond to the answer you have chosen for each question
and should be marked as follows [-]
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