Worked Solutions for ENGAA Papers by Topic

Section 1

Topic: Electricity

Section 1 Topic Number of Questions 2016 - 2020
Algebra 34
Calculus 16

Coordinate geometry 11
Electricity 18

Energy 8
Exponentials and logarithms 9
Forces and equilibrium 7
Geometry 40
Kinematics 15
Materials 2

Matter & thermal physics 5
Mechanics 55
Number 11
Probability 3
Radioactivity 14
Ratio and proportion 7
Sequences and series 8
Trigonometry 6

Waves 13
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ENGAA S1 2020 - Question 5

5 A dc electricity transmission system uses an undersea cable to send electricity from one
country to another. On a particular day, the first country supplies electricity at a voltage of
400 KkV and 2000 A to the transmission system. The second country receives electricity from the
transmission system at 160 kV and 4000 A.

What is the percentage efficiency of the system and how much energy is wasted every minute?

efficiency % energy wasted
every minute / J
A 20 9.6 =10°
B 20 3.84 < 10"
C 20 4.8 =10"
D 80 9.6 = 10°
E 80 3.84 < 10"
F 80 4.8 =10"

ENGAA S1 2020 - Question 5 - Worked Soilution

P =1V
P =8 x 108
P, = 6.4 x 108
(8 =6:4)-x-108 X 605
= 9.6 X 10°Jminat

Pout

Efficiency = X 100 = 80%

m
Answer is D
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ENGAA S1 2020 - Question 7

7 Two fixed horizontal metal rails are side by side and 12 cm apart. The rails are connected to a
dc power supply by a switch that is initially open.

A freely moveable metal rod of length 20 cm is placed on the rails as shown in the diagram.
The diagram shows the arrangement seen from above.

The angle between the rod and the rails is 90°.

moveable rod

\"-_\‘ ______________

|
+\’ 12cm  |[20em
T

_ [z — ‘

fixed rails

The whole arrangement is placed-ima uniform magnetic field of magnitude 0.50T that is
directed perpendicularly into the page:

The moveable rod has a weight of 0 40N,

The switch is now closed. As a result, there is a current of 2.4 A inihe,eircuit and the rod
Moves.

What is the initial magnitude of the accelerationof the rod and what is its direction?

(gravitational field strength = 10Nkg™)

acceleration /ms™ direction
A 0.36 to the left
B 0.36 to the right
c 0.60 to the left
D 0.60 to the right
E 36 to the left
F 3.6 to the right
G 6.0 to the left
H 6.0 to the right

ENGAA S1 2020 — Question 7 - Worked Solution

F = ma = BIl
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Answer is F

BIl
a=—

m
a = 3.6ms™2
From left hand rule
F=I1BXh

Thus force to right
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ENGAA S1 2020 - Question 27

27  Aflat rectangular coil of wire with sides of length 30cm and 20 cm is freely pivoted about an
axle. The axle passes through the middle of the sides of length 30 cm.

Part of the coil is between the poles of a U-shaped magnet as shown in the diagram. The poles
are 4.0cm long. The magnetic field can be considered uniform between the poles, and zero
elsewhere.

The coil is connected to a power supply so that there is a current in it.

flat coil of wire

N/
[N | H

to circuit

20cm

30cm

[diagram not [0 scale]

The current is 0.60 A and the magnetic flux density'is 0.050 T. There are 50 turns of wire in the
coil.

What is the moment about the axle,inMezm, pioduced by the magneétic force acting on the coil?

0.018 Necm
0.036Ncm
0.045Ncm
0.90Ncm
1.8Necm

2.25Ncm

G M m O O o P

45Ncm

ENGAA S1 2020 - Question 27 - Worked Solution

F = BIl
J=F.d
J =BIl.d
] =0.05%0.6x(4x1072x50) x 15
J =090Ncm
Answer is D
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ENGAA S1 2020 - Question 31

31  Electrical power is supplied through a dc transmission line that consists of two metal wires.
Each wire is 8.0km long and has a cross-sectional area of 1.0cm’.

The resistivity of the metal from which the wires are made is 2.5 107 Qm.

Electrical power is transmitted to the transmission line at a potential difference of 24 000V.

At what rate is energy being wasted as heat in the wires when the power supplied to the
transmission line is 120 kW?

A 040W

B 0.80W

C 16W

D 250W

E 500W

F 1000W

G 144 x10'W

H 576 =10'W 0@

ENGAA S1 2020 - Question 31 - Worked Eolution

RA
P=— > R=400

P=1V -1=5A
Pdisipated = I?R = 1000W
Answer is F
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ENGAA S1 2020 - Question 39

39 In the following circuit, the ammeter records a current of zero.

1000 12000
- T =
60V I 16V
= =
2000 R
Lo~
)

What is the resistance of resistarB?

0Q
2000
3000
4000
600102
120002

180002

T ¢ M m o O m »

24000

ENGAA S1 2020 - Question 39 - Worked Solution

for Iy =0 ,v; =v,
3000 _ R
200 + 100 6= 1200+ R’
4(1200 4 R) = 16R
12R = 48000
R = 4000

16

Answer is D
ENGAA S1 2019 - Question 2
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2 The current-voltage graph for a diode is shown.

-::urnlant ImIA
16

14

12

. /

2 %

/]
n A

-06 -04 -02 0 02 04 06 08 10 12 14
voltage /V

The diode is connected in ser 6.0V battery. The current in the circuit is

8.0mA.

A 0150

- S

0750

480 @
1500 Vo

60002

GG M m ©O O

7500

ENGAA S1 2019 - Question 2 - Worked Solution

4
V =IR —>R=7

I = 8mA
V=12V
Vies = 6V — 1.2V = 4.8
R = 18V _ 6000
T 8mA

Answer is F
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ENGAA S1 2019 - Question 8

8 The secondary coil of an ideal, 100% efficient transformer is connected to a resistor by cables
of total resistance 15000). The current in the primary coil is 4.0 A. There are 240 turns in the
primary coil and 4800 tums in the secondary coil.

What is the power produced as heat in the cables?

60w

300W

6000W

24000W

m o O m P

120000 W

-

9600 000W

Answer is A
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ENGAA S1 2019 - Question 16

16  In the following circuit, all five resistors have the same resistance.

=l

The reading on the voltmeter is 1.0V.

What is the voltage across the batt

4.0V
5.0V <
6.0V ’\o
7.0V . @@

' \

s8.o0v 6
aov
10V V

ENGAA S1 2019 - Question 16 - Worked Solution

@ M m O O @O Pp
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Answer is E
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ENGAA S1 2019 - Question 26

26 A metal wire of length 0.50 m has a uniform cross-sectional area of 4.0 = 107 m?.
There is a current of 4.0 A in the wire.
What is the potential difference across the ends of the wire?
(resistivity of the metal = 1.6 107 Qm)
0.05V

0.20v

3.2V

A

B

C o080V
D

E 50V
F

20V

ENGAA S1 2019 - Question 26 -

Answer is C
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ENGAA S1 2019 - Question 34

34 A student has one 3002 resistor and another resistor of resistance R.

The student plots a graph of current I against potential difference V for the 30010 resistor and
then for both resistors connected in parallel.

30 Eg
IimA

20

10 =

What is the resistance R

3.30

5.00

100

1000

2000

60002

&G m m o O @ »r

100002

ENGAA S1 2019 - Question 34 - Worked Solution

V =IR
1%
=7
6V B
30 X 10~3mA 2004

R = (%+50)
~\R " 300
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R’—200.(2—<1+ ! )
N “\R ' 300
1 1 1 100

R 200 300 60000
R = 6000

Answer is F
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ENGAA Specimen S1 - Question 6

6 Which of the following is a correct unit of potential difference (voltage)?

A amp per chm
coulomb per joule
joule per second

newton per coulomb

m o O W

watt per amp

ENGAA Specimen S1 - Question 6 - Worked Solution

E=QV , V=IR, P=1V
Write out equations that use voltage

Look at the units and see what cor. ond to possible answers.

Answer is E
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ENGAA Specimen S1 — Question 18

18 Two resistors with resistance R, ohms and R, ohms are connected in series with a battery
that has a voltage ' across its terminals.

Which formula gives the power dissipated by the resistor with resistance R, ohms?

VR,
A R+ R,
E i.'2R1
R+ R,
c VR,
(R1 + RE :Iz
ViR,
D [ —
{R1 + R, }2
E VRE
ER1 +sz
Ir2R12
(R, + R, :'2

ENGAA Specimen S1 - Question 18 = Worked Solution

RT = R1 + R2
%4
[=—
Rt
P, =I?R,
VZ
Py

Answer is D
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ENGAA S1 2018 - Question 4

4 The diagram shows three resistors R, Rz and R: connected in series with a battery of constant
voltage. The resistance of each resistor and the corresponding current are also shown.

0.20A

R 120

R 150

T
R, | |3.00

T

Resistor R; is now removed and the circuit is reconnected.

What is the new current in the ci

A 020A
B 0.22A \o(‘
C 0.33A @

D 040A ’\@

E

0.50A 6

F 2.0A @
G 6.0A Vo

ENGAA S1 2018 - Question 4 - Worked Solution

Ry =Ry + R, + Ry = 300
V=IR
=0.2 X 30

=6
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ENGAA S1 2018 - Question 10

10 The potential difference across the motor in an electric car is 400V and the current in the motor
is 1250 A.

The car accelerates along a horizontal road from rest for 4.0 s.
The efficiency of the overall system is 45%.
What is the kinetic energy of the car at the end of the 4.0s57

(lgnore energy losses due to air resistance and due to friction between the tyres and the road.)

A 225000J
B 500000J
C 900000J
D 1250000J
E 2000000J

ENGAA S1 2018 - Question 10 - Worked Solution

Totalenergy-from motor:

Ey=RR1s
W =1Vt

E =400 X 125 X 4

E =200000/
Useful'energy = 0AS5E
= 900000/
=/KE
(As ignoring energy lost to air resistance and friction)

Answer is C.
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ENGAA S1 2018 - Question 26

26 The diagram shows a circuit containing a battery and three identical resistors X, Y and Z.

|

X

—

Y Z

— A

The total power supplied by the battery is 18 W.

What is the power dissipated as heat in resistor X7

1.5W
2.0wW

3.o0w

o 0O W »

45W

6.0W

F 80w

G 12W 0@

ENGAA S1 2018 - Question 26 - Worked&:tion

P =1%R
_12><3R_
=—0—=

I’R =12

X and Y have same V and R

L =1

I=L+I,

18
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Answer is C.

L ==
172
So power dissipated in X is:
P, = RI,?
12
=—R
4
12
4
=3W
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ENGAA S1 2017 - Question 20

20 A kettle is designed to work from a car's power socket. The kettle has a power rating of 150W
when a constant voltage of 12.0V d.c. is applied across its element.

How much charge passes through the element of this kettle when the voltage of 12.0V is
applied across it for 20 minutes?

96 C
250C
15000C

JgoooC

m O o m P

900000C

F 2160000C

ENGAA 2017 - Question 20 - Wo

(9\0
= 1500066&\

Answer is C
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ENGAA S1 2016 - Question 8

8 A circuit consists of a 5.0 resistor and a variable resistor connected in series with a 24V
battery. The variable resistor has a minimum resistance of 3.0 Q and a maximum resistance of
15Q). The battery and the connecting wires have negligible resistance.

What is the maximum power dissipated in the 5.0 0 resistor?

7.2W

18W

rran

45W

T2W

m m o O W P

75W

ENGAA S1 2016 - Question 8 - Worked Solution

24

3.0 R<"15.0
For the maximum power in the 5.0 resistor, find the maximum voltage across it

By Kirchoff’s voltage law the sum'of voltages across the resistors will be 24V
R;
Vi = VinR_T
For maximum voltage across 5{2 resistor, Ri must be maximum so the variable
T
resistor must have the minimum resistance
5
V, =24 X 3 = 15V
V2
P =—=45W
R

Answer is D
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ENGAA S1 2016 - Question 16

16 A heater is connected in series with a resistor and a 6.0V battery in the circuit shown.

battery

—

resistor

heater

The total resistance of the circuit is 15 Q. In 3.0 minutes, 180J of electrical energy is transferred
into other forms in the heater.

How much charge flows through the heater in the 3.0 minutes and what is the voltage across
the heater?

charge / C voltage [ W
A 1.2 150
B 1.2 216
c 7.5 0.041
D 7.5 24
E 72 0.40
F 72 25
G 450 0.40
H 450 25

ENGAA S1 2016 - Question 16 - Worked Solution

The heater is Ry
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180] V,* = IV}
180s R, | *
_ 6.0V
150
15
V= 3 voltage acrgss the heater
6
AQ = IAt = —=x180 = 72C
15 R
vV, =25V

Answer is F
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