ELECTRICITY
9 Electricity oﬁ

9.1 Electric current

281

Candidates should be able to:

1 understand that an electric current is a flow of charge carriers

2 understand that the charge on charge carriers is quantised

3 recall and use Q = It

4 use, for a current-carrying conductor, the expression I = Anvg, where n is the number density of charge

carriers

9.2 Potential difference and power

Candidates should be able to:

1 define the potential difference across a component as the energy transferred per unit charge
2 recalland use V=W/Q
3 recalland use P = VI,P=I°Rand P = V?/R

9.3 Resistance and resistivity

Candidates should be able to:

1 define resistance

2 recall and use V=1IR

3 sketch the I-V characteristics of a metallic conductor at constant temperature, a semiconductor diode
and a filament lamp

4 explain that the resistance of a filament lamp increases as current increases because its temperature
increases

5 state Ohm's law

6 recalland use R=pL /A

7 understand that the resistance of a light-dependent resistor (LDR) decreases as the light intensity
increases

8 understand that the resistance of a thermistor decreases as the temperature increases (it will be

assumed that thermistors have a negative temperature coefficient)
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Graphs of Non-Ohmic materials: Akhtar Mahmood (0333-4281759)
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CURRENT OF ELECTRICITY

Akhtar Mahmood (0333-4281759)
M.Sc.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

The resistance of an electrical component is measured.
The following meter readings are obtained.

| 10
IC L

What is the resistance? 2SN -
@2.59 B2.7Q C 2500Q D 2700Q
{Q.5/P1/June 2007}

What is a correct statement of Ohm’s law?

A The potential difference across a component equals
the current providing the resistance and other V=1
physical conditions stay constant.

B The potential difference across a component equals
the current multiplied by the resistance. V= {E e

C The potential difference across a component is menJiios
proportional to its resistance.

@The potential difference across a component is VeI
proportional to the current in it providing physical
conditions stay constant.

{Q. 31/P1/June 2007}

The current in a resistor is 8.0 mA. @+ 1t = (8:0x13%)(o-029

What charge flows through the resistor in 0.020 s?

@0.16mC B 1.6mC C 4.0mC D 0.40C

{O. 32/P1/June 2007}

In the circuit below, the battery converts an amount E

of chemical energy to electrical energy when charge Q

passes through the resistor in time t.

end - W

e

Which expressions give the e.m.f. of the battery and
the current in the resistor?

e.m.f.. current
A EQ 0/t
B EQ Ot
© E/Q 0/t
D E/Q Ot

{Q. 35/P1/June 2007}
A battery has an e.m.f. of 3.0 V and an internal
resistance of 2.0 Q.

: 3.0V :battery
2.0Q
o
| |
_______ _
4.0Q

The battery is connected to a load of 4.0 Q.
What are the terminal potential difference V and
output power P?

VIV P/W
A |10 0.50
B |10 1.5
C |20 1.0
D |20 1.5

(0. 36/P1/June 2007}

6.

A researcher has two pieces of copper of the same
volume. All of the first piece is made into a
cylindrical resistor P of length x.

X

< >
L

f1 \
essrP ——| V=@ (.QJ—‘(A)CI))H current

All of the second piece is made into uniform wires
each of the same length x which he connects
between two bars of negligible resistance to form/ ¢

a resistor Q. R- P L=
< X > A\
P g
Ve (L)
resistr ——| v = (AY () —— curent
bar of
44— negligible
~ - resisiance
wires
How do the electrical resistances of P and Q

compare?
A P has a larger resistance than Q.
B Q has a larger resistance than P.
(©P and Q have equal resistance.
D Q may have a larger or smaller resistance than
P, depending on the number of wires made.
{O. 37/P1/June 2007}
Four point charges, each of charge Q, are placed
on the edge of an insulating disc of radius .
The frequency of rotation of the disc is f.

What is the equivalent electric current at the edge
of the disc?
@4Qf B40Q/f C 8nrQf D 20f /zr

{Q. 31/P1/June 2006, Q.14/P1/9243-June 2001}
Which graph shows the / — V characteristic of a
filament lamp? R 6s 0/2 1

A B -«

A 5 A

L N ]
¢ N .-|-|_Q~"

! I

(0. 32/P1/June 2006}
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10.

11.

12.

13.

An electrical component has a potential difference V
across it and a current I through it. A graph

of I against V is drawn and is marked in three sections
WX, XY and YZ.

Z
|
I/
.
f"
!"
"""""
L2237
et A oo
e
Wisss>== G = Catdo-d
0 -
0 Retittorts = Gthonl. vV

In which ways does the resistance of the component
vary within each of the three sections?

WX XY YZ
(A) | constant«| decrease.~| increasev
B | constant~| increase increase
C | increase decrease constant
D | increase increase decrease

{Q. 33/P1/June 2006}
The resistance of a device is designed to change with
temperature. What is the device?
A a light-dependent resistor
C a semiconductor diode

B a potential divider
@ a thermistor
{O. 35/P1/June 2006}
The current in the circuit is 4.8 A.

||

Joet =% Sl
R e,Quhm

S s

X Y

What is the rate of flow and the direction of flow of
electrons through the resistor R?
A3.0x107s!V in direction X to Y X

B 6.0 x 10'%s7! in direction X to Y
©3.0x10%V in direction Y to X v/~
D 6.0 x 108! in direction Y to X

{Q.31/P1/June 2006}
Which equation is used to define resistance?
A energy = (current)” X resistance X time
(B)potential difference = current x resistance
C power = (current)” X resistance
D resistivity = resistance x area x length

{0.32/P1/June 2006}
The diagram shows a low-voltage circuit for heating
the water in a fish tank.

—

source

R=Y
I

| __ heater

{ [ [TF

The heater has a resistance of 3.0 Q. The voltage
source has an e.m.f. of 12 V and an internal resistance
of 1.0 Q. At what rate does the voltage source supply
energy to the heater?
A27TW B36W

C48W D64 W
{0.34/P1/June 2006}

14.

15.

16.

17.

18.

The graphs show the variation with potential
difference V of the current I for three circuit

éf)mponents. W Re crgkk 1 R 1\
Rao|
metal wire semiconductor | filament
at constant diode lamp
temperature
A X Z Y
®|Y v X z Vv
C|Y Z X
Z X v Y

{0.32/P1/Nov. 2005}

Tensile strain may be measured by the change in
electrical resistance of a strain gauge. A strain
gauge consists of folded fine metal wire mounted
on a flexible insulating backing sheet. The strain
gauge is firmly attached to the specimen, so that
the strain in the metal wire is always identical to
that in the specimen.

; v @ U-3 specimen’’
é v Shon= A€l

] L’T [ T

/ R- P LRl A

A A'ﬁ,

strain gauge
When the strain in the specimen is increased, what
happens to the resistance of the wire?
A It decr@ases, because the length decreases and
the cross-sectional area increases.
Bt decr_@%ses, because the length increases and
the cross-sectional area decreases.
C It increases, because the lengtﬁecreases and
the cross-sectional area increases.
(D It increases, because the length increases and
the cross-sectional area decreases.
{0.33/P1/Nov. 2005}
The graph shows how the electric current /
through a conducting liquid varies with the
potential difference V across it.
At which point on the graph does the liquid have
the smallest resistance?

Bogglong R<5<7ice
{Q.34/P1/Nov. 2005}
A copper wire of cross- sectlonal area 2.0 mm?2
carries a current of 10 A. 1= ',f' 0= U"(+“”“°)
How many electrons pass through a given cross-

section of the wire in one second? Iz 625 xl'A

A 1.0x 10! B 5.0 x 10°
©6.3x 10" D 3.1x10%
{0.32/P1/June 2005}

A cylindrical piece of a soft, electrically-
conducting material has resistance R. It is rolled
out so that its length is doubled but its volume

stays constant. What is its new resistance?
AR/2 BR C2R D4R

Mreody dpa in noled  {0.33/P1/June 2005}
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19.

20.

21.

22.

Which of the following describes the electric potential

difference between two points in a wire that carries a

current?

A the force required to move a unit positive charge
between the points

B the ratio of the energy dissipated between the points
to the current v= W

©the ratio of the power dissipated between the points
to the current P= VI = V-

D the ratio of the power dissipated between the points
to the charge moved

{Q.31/P1/Nov. 2004}
The diagram shows four heaters and the current in
each. Which heater has the greatest power dissipation?

SA 20 P=1°R
A [PXIN
6A . oy
c 4>A oz Q6w
e oz W

{Q.32/P1/ Nov. 2004}
When a potential difference V is applied between the
ends of a wire of diameter d and length /, the current
in the wire is /.
What is the current when a potential difference of 2V
is applied between the ends of a wire of the same
material of diameter 2d and the length 2/ ? Assume
that the temperature of the wire remains constant.
Al B2/ ©ur1 D 8/
{Q.33/P1/ Nov. 2004}
The resistance of a thermistor decreases significantly
as its temperature increases. The thermistor is kept in
air. The air is at room temperature.
Which graph best represents the way in which the
current I in the thermistor depends upon the potential
difference V across it?

A B
A A
I / /

0 > 0 >
0 "4 0 "4
© D

A A

I /

0 / - 0 -
0 4 0 "4

{0.34/P1/Nov. 2004}

23.

24.

25.

26.

27.

28.

29.

31.

Two wires made of the same material and of the
same length are connected in parallel to the same
voltage supply. Wire P has a diameter of 2 mm.
Wire Q has a diameter of 1 mm.

What is the ratio  Q in current / P in current ?

@1 /4 Bl1/2 C?2 D 4
{0.31/P1/June 2004}

What is an equivalent unit to 1 volt? V=
Al1JAT @1 \[o ciwc! DTws!
{0.32/P1/June 2004}

The terminal voltage of a battery is observed to
fall when the battery supplies a current to an
external resistor. What quantities are needed to
calculate the fall in voltage?
A the battery's e.m.f. and its internal resistance
B the battery's e.m.f. and the current
C the current and the battery's internal resistance
D the current and the external resistance
{0.33/P1/June 2004}
The potential difference between point X and
point Y is 20 V. The time taken for charge carriers
to move from X to Y is 15 s, and, in this time, the
energy of the charge carriers changes by 12 J.
What is the current between X and Y?
@0.040 A V- BOllA t
C9.0A 20- Q- o D25 A
A2 58- {Q 34/P1/June 2004}
Which electrical quantity would be the result of a
calculation in which energy is divided by charge?
A current V = W otential difference
C power (9] D resistance
{0.29/P1/Nov. 2003}
A wire carries a current of 2.0 amperes for 1.0
hour. How many electrons pass a point in the wire
inthistime? @@= 1& 2> NE= It
A12x10" B 7.2x10°
C1.3x10" 4.5 x 10*
(M- 6oxi™) :(Z)Cgeoo) (0.30/P1/Nov. 2003}
What physical quantity would result from a
calculation in which a potential dlfference 1S
multiplied by an electric charge? V= -—"‘3 W=V
A electric current ®electrlc energy
C electric field strength D electric power
{0.29/P1/June 2003}
The current in a component is reduced uniformly
from 100 mA to 20 mA over a period of 8.0 s."®
What is the charge that flows during this time?2

—_—

Q.4

A 160mC A = B 320mC
©480mC (oo 'ff,ﬁ. ""*‘“ ¥ D 640mC

? {0.30/P1/June 2003}
The e.m.f. of the cell in the following circuit is
9.0V. The reading on the high-resistance
voltmeter is 7.5V.

- {q =
o5 150 sT

_Oﬁ_:}_ﬁi

What is the current 7 ?

A0.1A B)0.5A C 0.6A D 2.0A
T- V.= TS - 6-SA {0.32/P1/June 2003}
T
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32.

33.

34.

35.

Which equation is used to define resistance?
A power = (current)” X resistance
B resistivity = resistance x area + length
©p0tentia1 difference = current x resistance
D energy = (current)” X resistance X time
{0.30/P1/Nov. 2002}
The graph shows how the current through a lamp
filament varies with the potential difference across it.

R- V.
T

current

0

Which statement explains the shape of this graph?

A As the filament temperature rises, electrons can
pass more easily through the filament.

B It takes time for the filament to reach its working
temperature. x

C The power output of the filament is proportional to
the square of the current through it. P= T R— Ny
The resistance of the filament increases with a rise
in temperature.

{0Q.31/P1/Nov. 2002}
The variation with potential difference V of the
current / in a semiconductor diode is shown below.

50 . k160

What is the resistance of the diode for applied
potential differences of +1.0 V and —1.0 V?
resistance
+1.0 V -1.0V
A 20Q v infiniteL”
B 20Q v~ Zero
C 0.05 Q Infinite.”
D 0.05 Q Z€ero

{0.32/P1/Nov. 2002}
The graphs show the variation with potential
difference V of the current / for three circuit elements.

0 > 0 > [Pl
) / 0 / (

gragh X graph ¥ graph Z

The three circuit elements are a metal wire at
constant temperature, a semiconductor diode and a
filament lamp. Which row of the table correctly
identifies these graphs?
metal wire semiconductor
) filament
at constant diode lamp
temperature
A X Z Y
B) YL X v Z
C Y Z X
D Z XV Y
{0.30/P1/June 2002}
36. | In the circuit below, the battery converts an
amount £ of chemical energy to electrical energy
when charge Q passes through the resistor in time
t.
]
Which expressions give the e.m.f. of the battery
and the current in the resistor?
e.m.f. Current
A EQ [0)3
B EQ Ot
(0 E/Q O/t
D E/Q Ot
{Q.31/P1/June 2002}
37. | The filament of a 240 V, 100W electric lamp
heats up from room temperature to its operating
temperature. As it heats up, its resistance increases
by a factor of 16. What is the resistance of this
lamp at room temperature?
(AB6Q B 580Q Cl5kQ  D9.2kQ
P= ¥u loo - (2us (0.34/P1/June 2002}
] RANSWERS
RP-BT6N Q.No. | Answer | Q.No.| Answer
1. 20.
e%,.,wb 2. 21.
3. 22.
@t — 23,
57h 5. 24,
-1/\7 6. 25.
_ "E>Q Ju 7. 26.
- 8. 27.
9. 28.
10. 29.
11. 30.
12. 31.
13. 32.
14. 33.
15. 34.
16. 35.
17. 36.
18. 37.
19.
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9 When a potential difference V'is applied between the 7‘- Va d;_ Ld
[+ ends of a wire of diameter o and length /, the current T L Lo
in the wire is /. 2 ("fp 2
What is the current when a potential difference of 21 T vV, d "4 dnz
is applied between the ends of a wire of the same 1 W ! '—L_'
material of diameter 2d and the length 2/ ? Assume \ /LI’P L '
that the temperature of the wire remains constant.
Al B2/ ©u1 D8/
{0.33/P1/ Nov. 2004} L-\
V[ = \ V)_ = 2V
1.l =1 da = 2d LQ,
d( = J L;_ s 201
L—\:L ng? Il wcw][g
— 2| — ] L (@)
\[ [ T 2 a I 24\__/
NV = < -nd¥
- ad T
PR B
- VI ch_f)
L
1. IL de
uPL
Two wires made of the same material and of the wire P| Wik &
same length are cqnnected in p.arallel to the same G= P 2. P
voltage supply. Wire P has a diameter of 2 mm. Lp= L lg = L
Wire Q has a diameter of 1 mm.
) : . . Vp=aV \g =V
What is the ratio  Q in current / P in current ?
dP 2 2""‘" d& o ‘MM
@1/4 B1/2 C2 D%
{Q.31/P1/June 2004}
\,p = VGI
I P Rp - l& EQ




