ESAT Physics Prep
Week 1 — Electricity ()

ANSwWEES

Week 1 - Electricity
Week 2 — Magnetism
Week 3 — Mechanics
Week 4 — Thermal physics
Week 5 — Matter

Week 6 — Waves

Week 7 — Radioactivity

There is one sample ESAT test — note that they use the same
qguestions from NSAA 2020 specimen paper. Past NSAA &
ENGAA questions are the most relevant.

There are no calculators in the ESAT.



Electricity Spec
P11 Electrostatics:

. Know and understand that insulators can be charged by friction.

a
b. Know and understand that charging is caused by gain or loss of electrons.
c. Know and understand that like charges repel and unlike charges attract.

d

. Understand applications and hazards associated with electrostatics, including the
role of earthing.

P1.2 Electric circuits:

a. Know and recognise the basic circuit symbols and diagrams, including: cell,
battery, light source, resistor, variable resistor, ammeter, voltmeter, switch,
diode.

b. Understand the difference between alternating current (ac) and direct current
(dc).

c. Understand the difference between conductors and insulators, and recall
examples of each type.

d. Know and be able to apply: current= cl;\izr;rge , I= %

e. Know and understand the use of voltmeters and ammeters.

voltage R_V
current ’ I

f. Know and be able to apply: resistance =
g. Recall and interpret V-I graphs for a fixed resistor and a filament lamp.

h. Know the properties of NTC (negative temperature coefficient) thermistors, LDRs
(light-dependent resistors) and ideal diodes.

i. Know and understand the current and voltage rules for series and parallel
circuits.

j- Calculate the total resistance for resistor combinations in series.
k. Understand that the total resistance of a parallel combination is less than that of
any individual resistor.

. _energy ,_E
. Know and be able to apply: voltage =——*, V=
. J charge Q

m. Know and be able to apply: power = current x voltage, P=1V =1I°R

n. Know and be able to apply: energy transfer = power x time, E = VIt
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24 Which of the following is a correct unit of potential difference (voltage)?

amp per ohm \/ P %

A
B coulomb per joule
C
D

joule per second V ~ SK -
Lvd %” 7As

newton per coulomb L
%Y
@watt per amp - L ]
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28 An electric motor is used to lift a load of 3.0 kg from rest through a height of 5.0 m in a time of
1.5s. At the end of the lift the load is at rest again. The motor is connected to a 25V dc supply.

Assuming that the system is 100% efficient, what is the average current in the motor during the

lift? A
msh P TV
(gravitational field strength = 10N kg"1) / - -

A 0.40A '(,/
B 0.60A

C 0.80A ZX/OXS-O - IOO-;D\S/i

@ 4.0A | <

T/— - |00 7&”0/4
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36  Two resistors with resistance R, ohms and R, ohms are connected in series with a battery
that has a voltage 7 across its terminals.

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

VR, \/; ]: Z‘-’ I = \/

! 4
7+t
X

R+R, ?/ T o AV « F
R, +R

o (F, +Fa

(R, +R,)
V2R}
(R + R, )
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23  Afilament lamp working at its operating voltage converts electrical energy at a rate of 100W.

The lamp has an efficiency of 5.0%.

How much energy is wasted by the lamp in 10 minutes?

A 504 [o 64,[/ @q@/jb (/SC/( in |
BT MminS = /OOX(/OxéO)
c 1000J B 6 9, Ow j

D 3000J

@SHIOUJ /IS’% \/\/451"6/( 77%
F  60000J B g(; OOOJ

0

XéoooO
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2 The current—voltage graph for a diode is shown.

| I
current /mA

14

12 /
10

4 / )
2 // I

06 -04 -02 0 02 04 06 08 10012/ 14
voltage /'V

The diode is connected in series with a resistor and a 6.0 battery. The current in the circuit is

1:“? the resistance of the resistor? I ~ 4 78t /(('046
at Is the resistance or the resisior:
So L‘/%\/ Vlc/OQS

(Assume that the battery has negligible resistance.)

A 015Q LSS

B 060Q }Z 7% C%
C 075Q \ OM

D 480Q - 600 48

@ 6000

G 7508
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8

The secondary coil of an ideal, 100% efficient transformer is connected to a resistor by cables
of total resistance 1500 £2. The current in the primary coil is 4.0 A. There are 240 turns in the

primary coil and 4800 turms in the secondary coil.
00 20

What is the power produced as heat in the cables? L{,O

(B A Jélcfm% b 20 -

B 300w

C 6000W & = ﬁl
D 24000W 2 0O

E  120000W ? —/T/l \Z ~ @ 2> e IgOO

F 9600000W
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20

The diagram shows three resistors Ri, Rz and R3 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 ;0“20)(( Il-" W"’g

_|_ R2 15Q 6 0\/
T =
R, 3.00
T £
/Vg\,\/ ( e
Resistor R5 is now removed and the circuit is reconnected. 6 O
What is the new current in the circuit? I - \/ .;_/?‘

A 0.20A

2
0.22A :;Z/- - 0;2/4
/\

C 0.33A

D 040A

E 0.50A

F 20A

G B6.0A
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9. What is the value of the current [ in the circuit below? 2]
Y /A
‘ | A / B / C D E
d R -~ . .
] L e U I

|
P et sl g
Totel 1= [+ 2E =22 /
Q2 Section 2 ENGAA 2019 - %

2 Identical resistoa:re used to produce three different arrangements X, Y and Z.

lowﬂ}é \

/_\

_|

internal resistance.

The total power developed in each of the arrangements is determined. ZT = /g

What is the order of the arrangements when placed in order of increasing power? )

@ XY, Z \2\/2\ /7(52?5{’ ’,7
Y, X, Z - {

Y, Z, X Fa{ BTN §( x?o\ .
o Hightst fe”

F ZY X [OVVQS t

B
c
D
E

/Aan$
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4 The battery in the circuit shown has an emf of 16V and an interal resistance of 1.0 Q.

Which line in the table gives the voltmeter readings when switch S is in its open and closed

states?
voltmeter reading [V }\
when S is open when S is closed w éq 0 F é/j
A 30 20 X ‘ \/‘ - / X
/‘_\ /
B | 40 6.0 / B
C 40 24 x . Lk O \/
-~ ¢

D 6.0 24 X
E 6.0 40 X
F 48 8«

11 19

48 48
© 1 70~

128 64
" KTl 70 X
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15 Fourresistors, P, (1, R and S, are connected to a battery with negligible internal resistance, as
shown in the diagram.

F and 5 each have resistance x. 0 and R EEEWE resistance 2x.

oV

o

z%\i‘«'«[ .

A fifth resistor, T, which has resistance x, is to be added to the circuit in one of the following
listed positions, as shown in the diagram:

1 in parallel with P
2 Inseries with G

3 in parallel with R

Al et @ go - Y Ae/ C so

(05S 7-A .
051 f0/5 hlﬁ) Q ke f 0
Lo |1 ﬁt[./aSS s
F oS ety hippt voll
2o~ g’\{‘AS

reading?
A none of them '
B 1only ﬂ( @ C/ CASQ‘S K S o .(,?Z/SSS
c 2oy '70{ AT 0SS A1 Lo /4"'{"’13
> so o Lone— vol[tmE
1 and 2 only

F 1and3only
G 2and3only

H 1,2and3
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16 A power cable consists of a cylindrical copper (Cu) wire surmounded by six cylindrical
aluminium (AL wires. All the wires are of the same cross-sectional area as shown:

The tahle gives the densities and resistivities of aluminium and copper.

material | density | resistivity /(’ _ /l/l
aluminium d - /

copper 3d 2p \/
s

and length L. = /l/

The cable has mass

g 21pdl’ /ZT ZCU / AL
D 133::.:1?.'_2 ; @L Eg L g

5M ( 2
0 SO0 5 b AL
G 355,9:’!_2 /\/\ ;(Za{ + \/v\/
y B80pdl’ \//42,[\:// Cu

" AL = Az T
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35 Afilament lamp and a 0-10 2 variable resistor are connected in series with a power supply of

constant voltage.

The graph shows the voltage—current (V—I) characteristic of the filament lamp.

A

ViV 2

20 -

15 ) A

]

10 a

6V & sHER 7.V
Atoss (amp =t

0+= >
0.0 1.0 20 30 40

]_0 Il

When the resistance of the vanable resistgris 4.08, the current in the lamp is 2.0A.

\
~—~
=

What is the power dissipated in the lamp when the resistance of the variable resistor is zero?

A 12W

B 14W -
c 16w \/: , iz _:)\‘OXL\/O

D 28W

—_qoVv A (058
; ablp ACsisto—

Yy el
F 96W

_f/oﬁ«(, Fa( = eV
Pl
whn GV acess lamps Vs 207 &~
2
2.0 x!
U W

~

W
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1707§W Aol @AacA
- 48O

Two identical resistors are connected in parallel to a z)v battery The twgresmtors dissipate a
total power of 0.15W.

One of these resistors is removed from the circuit and connected to a 12V battery.

How much charge passes through this resistor in 6.0 minutes?

A 0.025C é_

B 0.050C < Vo =12 = 0.02LS
C 015C { m’—
D 030C

0.75C @ -‘/\ t '.’/0'02g><(6-02(60>
F 15C — 0\ C

m

H 18C
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28

)0

Power is supplied to an electric motor at 0.800kW. -
The motor has an efficiency of 60% and is switched on for half an hour.

How much energy is wasted during this time?

0.160J wast( prwt- = o0 X6/

B 0.240J g)( 50 L},gg\/\/
D 240J ?t 480% (Z0X60>

576J .,A'}SOX%OO
F 864J — %6[4’ 000

G 576000J

@ 864.000J
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29

The diagram shows a circuit that includes two ammeters and a resistor R.

The readings on the ammeters are shown. l S A

-
i V=] W
&= | = k5

@ 1.8A

20

What is the resistance of resistor R?

A 040Q

\,
2.5 7L

C 3.0Q
D 36Q
E 55Q

F 85Q



Q30 NSAA 2022

30 The graph shows potential difference plotted against current for a filament lamp and a resistor.

potential difference /V
10

\2 0 = !
0% [mMP 0 01 02 03 04

current /A

The lamp and the resistor are connected in parallel with each other to a 6.0V power supply and
the current in the lamp, I, z recorded.
Y 6.0V a(ross (2Mp

In a second circuit, the lamp and the resistor are now connected in series with each other to the
same power supply, and the current in the resistor is 0.18 A. The potential difference across the

lamp, V, is recorded. L) 5’4/\4( CU//MZL l.’\ [Qm/7

What are the values of I in the first circuit and V in the second circuit?

IIA VIV

A 0.25 16
B 0.25 3.0 x
c 0.25 44

(@ 0.35/’ 16
E 0.35 3.0
F 0.35 44 x
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21 Arresistor has a constant voltage of 9.00V across it.

A total charge of 180 C passes through the resistor in 4.00 minutes.

What is the power dissipated in the resistor?

A 0.750W -’/(é
Q g0 = 15C

.75w - g ===
c 120w 62/ Lex b O 240

D 81.0W t j%l’/ A
108W

- 7] 1V A

F 405W

- 2
G 1620W L‘B\ =2 - ({ 7§ W~
H 6480W 4
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28 A set of decorative lights consists of 20 lamps connected in series to a dc supply of constant
voltage.

The total power transferred by all the lamps is P.

The set is designed so that if one of the lamps fails, that lamp becomes short-circuited and it
then has zero resistance. The remaining lamps are still lit.

If this happens, with the set connected to the same supply, what is the new total power
transferred by the remaining 19 lamps?

(Assume that the resistance of each functioning lamp remains constant.)

Lk fff@iuv;\olz Aon  |E

2 2 so AFAC—
c P = lowt—~ IC S0 A1
{ > ?
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31 A6.0V battery is connected to an 8.0 Q) resistor and a filament lamp as shown in the circuit

diagram.

The reading on the ammeter is 0. 25A

’

Which graph is a possible V-I graph for the filament lamp?
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