DC CIRCUITS
WORKSHEET
AS-Level Physics 9702

. - MJ25/22/Q6
1 (a) Define electric potential difference across a component.

(b) A circuit contains four resistors and a battery of electromotive force (e.m.f.) 8.0V with
negligible internal resistance. When the variable resistor has resistance R, the currents in the
circuit are 0.030A, I, and I,, as shown in Fig. 6.1.

8.0V
0.030A |
< (=

IZ
e -
210Q R

—L 1 [

430Q 240Q

Fig. 6.1

(i) Determine the charge passing through the battery in a time of 4.0 minutes.

charge = ... C [2]
(ii) Calculate I,.
I = A [2]
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(iii) Calculate I,,.

OSSN ()

(iv) Determine R.

[T o M /)

(c) The variable resistor in (b) is fitted with a scale so that its resistance can be accurately
determined.
The resistor of resistance 240 is now replaced by a new resistor X of unknown resistance.
A galvanometer is connected as shown in Fig. 6.2.

8.0V

Fig. 6.2

With reference to ratios of resistances, explain how this circuit can be used to determine the
resistance of X.

[Total: 10]
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MJ25/23/Q7
2  Anichrome resistance wire has length 150cm, cross-sectional area 2.45 x 107" m? ana resistvity
1.12x107°Qm.

(a) Calculate, to three significant figures, the resistance of the wire.

resistance = ........cccooiiceicinesiceee e Q[3]

(b) The nichrome wire forms part of a potentiometer circuit together with a cell of electromotive
force (e.m.f.) 1.2V and negligible internal resistance, as shown in Fig. 7.1.

1.2V

150cm

64cm

nichrome wire

cell X \

The circuit is used to determine the e.m.f. of cell X.

Fig. 7.1 (not to scale)

The galvanometer is used in a null method to find the null point 64 cm from the left-hand end
of the nichrome wire.

(i) Explain what is meant by a null method.

]
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(ii) Calculate the e.m.f. of cell X.

(ili) The cell of e.m.f. 1.2V is replaced by a new cell with the same e.m.f. but with an internal
resistance that is not negligible.

State and explain the effect, if any, of the internal resistance of the new cell on the
position of the null point.

[Total: 8]
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MJ25/24/Q6

3 A battery of electromotive force (e.m.f.) 6.0V and negligible internal resistance is connected in
series with a variable resistor and a uniform resistance wire XY, as shown in Fig. 6.1.

6.0V

—

uniform wire
of resistance 8.0 Q

2.00m

Fig. 6.1

Wire XY has length 2.00m and resistance 8.0Q. The resistance R of the variable resistor is
adjusted so that the potential difference across wire XY is 2.4V.

(a) Determine R.

L= > P

(b) Explain why the potential difference V between any two points on wire XY is proportional to
the distance L between those points.

.2
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(c) Acell of e.m.f. E and internal resistance r is connected to the circuit, as shown in Fig. 6.2.

6.0V

— e

Fig. 6.2

Resistance R is unchanged.

The movable connection P is positioned on wire XY so that the galvanometer reading is zero.
Distance XP is 1.24m.

(i) Calculate E.

(i) The value of R is now decreased.

State and explain the change that must be made to the position of P on wire XY so that
the galvanometer reads zero again.

. [2]
[Total: 8]
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ON24/21/Q7

4 (a) Fig. 7.1 shows two resistors connected in series with a cell of electromotive force (e.m.f.)
1.50V and internal resistance 0.28 Q.

_____________

v

Fig. 7.1

One of the resistors has resistance 1.0Q. The other resistor has resistance R.
The terminal potential difference (p.d.) across the cell is 1.36V.

(i) Show that the current I in the circuit is 0.50A.

(2]
(ii) Calculate the combined resistance of the two resistors.
resistance = ... Q 2]
(iii) Use your answer in (a)(ii) to determine resistance R.
R = e e Q 1]
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(b) The circuit in Fig. 7.1 is disconnected and the two resistors are reconnected to the cell, now
in parallel with each other.

(i) On Fig. 7.2, complete the circuit diagram to show this arrangement.

Fig. 7.2
(1]

(ii) Explain, without calculation, whether the terminal p.d. across the cell is now less than,
equal to or greater than 1.36 V.

- [2]
[Total: 8]

5 (a) State Kirchhoff’s first law. MJ24/21/Q6

(b) A cell with internal resistance r is connected to two resistors of resistances R, and R, as
shown in Fig. 6.1.
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Iy

Fig. 6.1
The potential differences (p.d.s) across R, and R, are V, and V, respectively.
The terminal p.d. across the cell is V.
The current in the circuit is I.

Use Kirchhoff's laws to show that the total resistance R, of the external circuit is given by

Ri=R,+R,.

(2]

(e) The electromotive force (e.m.f.) of the cell in Fig. 6.1 is 1.50V.
The values of R, and R, are 10Q and 15Q respectively. The terminal p.d. of the cell is 1.35V.

Calculate the internal resistance r of the cell.
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(d) A-resistor of resistance R, is added to the circuit in Fig. 6.1, so that the circuit is as shown in

Fig. 6.2.

Fig. 6.2

State and explain the effect, if any, of this change on:

(i) the current in the cell

6 (a) (i) State Kirchhoff's second law.

[Total: 10]

MJ24/23/Q5
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(b) A circuit contains a cell of internal resistance r and two resistors of resistances R, and R,, as
shown in Fig. 5.1.

.................

Fig. 5.1
The potential difference (p.d.) across the two resistors is V.
The current in the cell is I.

(i) Use Kirchhoff's laws to show that the total resistance R; of the external circuit is given by

(2]
(ii) The electromotive force (e.m.f.) of the cell is 1.50V.

When the values of R, and R, are 10Q and 15Q respectively, the p.d. measured by the
voltmeter is 1.38V.

Calculate the internal resistance r of the cell.

T et Q [3]
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(c) Athird resistor is added in parallel with R, and R, in the circuit in Fig. 5.1.
State and explain the effect, if any, of this change on:

(i) the currentin the cell

(ii) the p.d. measured by the voltmeter.

....................................................... 40

7 (a) Define electric potential difference.

..................... [2]

[Total: 11]

March24/22/Q7

(b) A cell of electromotive force (e.m.f.) 1.8V and internal resistance r is connected in parallel

with a resistor of resistance 6.0 Q2 and a filament lamp, as shown in Fig. 7.1.

Fig. 7.1

Cyrus Ishaq

ISL RR, ISL PA, BCP Gulberg,
TCS Ravi, Kaizen, Roots IVY
+923008471504
https://cyrus-physics.com

PHYSICS WITH

mCYRUS
=)

12



The switch S is open. The ammeter reading is 0.25A.

Determine the internal resistance r of the cell.

(c) At time t, switch S in Fig. 7.1 is closed. Fig. 7.2 shows the variation with time t of the
ammeter reading I.

[}

Fig. 7.2

(i) State whether the e.m.f. of the cell after t, is greater than, less than or the same as it was
before {,.

(ii) By considering the effect of the lamp on the total resistance of the circuit, explain the
variation of the ammeter reading shown in Fig. 7.2.

[Total: 8]
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g8 (a) State Ohm's law. ON23/23/Q7

(b) A battery of electromotive force (e.m.f.) 6.2V and negligible internal resistance is connected
in a circuit to a uniform resistance wire, a voltmeter, a fixed resistor and a switch, as shown
in Fig. 7.1.

6.2V

[,

=
&

S

wire of resistance 18 Q
—®
Fig. 7.1

The resistance wire has resistance 18 Q, length 0.94 m and cross-sectional area 7.2 x 108 m2,
The slider S is positioned half-way along the length of the wire.

(i) Calculate the resistivity p of the material of the resistance wire.

(ii) The switch is open.
State the reading on the voltmeter.

voltmeter reading = ... VO[]
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(iii) The switch is now closed.
State whether there is an increase, decrease or no change to:

e the current in the battery

e the voltmeter reading.

[2]
(iv) The switch remains closed. The slider S is moved along the resistance wire so that the

voltmeter reading is 3.1 V.

On Fig. 7.1, draw a cross (x) on the resistance wire to show a possible new position of
the slider. [1]

(c) The circuit in (b) is altered by changing the battery for one of a different e.m.f.
The switch is open.

A student records the following data for the resistance wire:
current in the wire 0.93A
mean drift speed of charge carriers 1.3 x 103ms™!

number density of charge carriers 9.0 x 1028 m=3,

() Determine the charge q of a charge carrier in the wire suggested by this data.

(if) With reference to the value of g, explain why the data recorded by the student cannot be
correct.
- [
[Total: 11]
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MJ23/22/Q7

9 (a) Ahbattery of electromotive force (e.m.f.) 9.0V and negligible internal resistance is connected
to a light-dependent resistor (LDR) and a fixed resistor, as shown in Fig. 7.1.

H

1800Q 1200Q

Fig. 7.1
The LDR and fixed resistor have resistances of 1800 Q2 and 12002 respectively.

Calculate the potential difference across the LDR.

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

(b) The circuit in (a) is now modified by adding a uniform resistance wire XY and a galvanometer,
as shown in Fig. 7.2.

1800 Q2 1200Q

Fig. 7.2 (not to scale)

The length of the wire XY is 1.2m. The movable connection Z is positioned on the wire XY so
that the galvanometer reading is zero.
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(i) Calculate the length XZ along the resistance wire.

length XZ = ..o m [2]

(ii) The environmental conditions change causing a decrease in the resistance of the LDR.
The temperature of the LDR remains constant.

State whether there is a decrease, increase or no change to:
e the intensity of the light illuminating the LDR

e the total power produced by the battery

e the length XZ so that the galvanometer reads zero.

(3]
[Total: 7]
10 (a) Define the potential difference across a component. March23/22/Q6
............................................................................................................................................. [1]
(b) The variation with potential difference V of the current I in a semiconductor diode is shown in
Fig. 6.1.
A
/
I
Fi
I f
/
/
Fi
'
/
,1
0 >
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Use Fig. 6.1 to describe qualitatively:

(i) the resistance of the diode in the range V=0to V=0.25V

(ii) the variation, if any, in the resistance of the diode as V changes from V = 0.75V to
V=10V

(e) A battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected to
a uniform resistance wire XY, a fixed resistor and a variable resistor, as shown in Fig. 6.2.

12v

S

resistance
wire

z /
o Y
__I

X
1.6m
20m
> }— ﬁ—
-~ | I | -
15A 5.0Q w

Fig. 6.2 (not to scale)

The fixed resistor has a resistance of 5.0 Q. The current in the battery is 2.7 A and the current
in the fixed resistor is 1.5A.

(i) Calculate the current in the resistance wire.

CUITENE = Lottt eeeeeaes A [1]

(ii) Determine the resistance of the variable resistor.

resistance = ... Q [2]
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(iif) Wire XY has a length of 2.0m. Point Z on the wire is a distance of 1.6 m from point X.
The fixed resistor is connected to the variable resistor at point W.

Determine the potential difference between points W and Z.

potential difference = ..., V [3]
(iv) The resistance of the variable resistor is now increased.

By considering the currents in every part of the circuit, state and explain whether the
total power produced by the battery decreases, increases or stays the same.

[Total: 12]

ON22/22/Q6
11 (a) Define electric potential difference.
............................................................................................................................................. [1]
(b) A battery is connected to two resistors X and Y, as shown in Fig. 6.1.
-],
| [
X Y
—L 1 '
L
Fig. 6.1
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The resistance of resistor X is greater than the resistance of resistor Y.

State and explain which resistor dissipates more power.

(c) A battery of electromotive force (e.m.f.) 9.0V and internal resistance r is connected to two
resistors P and Q, as shown in Fig. 6.2.

1 9.0V I
: L
| k——{l—:h—
I |
! !
P
1
L 1
Q
~ 1
< | —
45A
Fig. 6.2

A total charge of 650 C moves through resistor P in a time interval of 540s. During this time
resistor P dissipates 4800J of energy. The current in resistor Q is 4.5A. Assume that the
e.m.f. of the battery remains constant.

Calculate:

(i) the current in resistor P

current = e A [2]
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12 (a) State Kirchhoff's second law.

(ii) the potential difference across resistor P

potential difference =

(iii) the internal resistance r of the battery.

v 2 [2]

[Total: 10]

ON22/23/Q5

- [2]

(b) Three identical cells, each of electromotive force (e.m.f.) 1.5V and internal resistance 590 mQ,
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are connected in parallel across a conductor, as shown in Fig. 5.1.

f_ﬁﬁ____1
| 590 mQ |
[ |
| [
L — |
f_ﬁﬁ____1
| | 590 mQ |
[ ]l |
I [
L |
f‘ﬁﬁ____]
| 590 mQ |
[ |
| [
L |
conductor
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The conductor is composed of two cylindrical sections A and B.
The total resistance of the circuit is 2.2Q.

(i) Show that the resistance of the conductor is 2.0 Q.

(2]

(ii) Calculate the current in the conductor.

current = ... A [2]

(c) The two cylindrical sections A and B of the conductor in Fig. 5.1 are made from the same
material and have the same length.
The diameter of section A is 4.3 mm and the diameter of section B is 7.6 mm.
The resistance of section Ais R, and the resistance of section B is Rg.

(i) Calculate the ratio & .
Rg

- [3]

l:um |>Il

(ii) Calculate the ratio

average drift speed of free electrons in section A
average drift speed of free electrons in section B

Explain your reasoning.

ratio = ... [2)]
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(d) The circuit of Fig. 5.1 is altered by removing one of the cells.

State and explain the effect, if any, of this change on the potential difference across the
conductor.

- [3]

[Total: 14]
MJ22/22/Q6
13 (a) A network of three resistors of resistances R,, R, and R, is shown in Fig. 6.1.
R, R, Ry
%—
I
) Vi ] ) v ] Vs
Fig. 6.1

The individual potential differences across the resistors are V,, V, and V. The current in the
combination of resistors is I and the total potential difference across the combination is V.

Show that the combined resistance R of the network is given by

R=R,+R,+R,.

(2]

(b) A battery of electromotive force (e.m.f.) 8.0V and negligible internal resistance is connected
to a thermistor, a switch X and two fixed resistors, as shown in Fig. 6.2.
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Fig. 6.2

Resistor R, has resistance 6.0k and resistor R, has resistance 4.0kQ.
(i) Switch X is open.

Calculate the potential difference across R;.

potential difference = ... .V [2]
(ii) Switch X is now closed. The resistance of the thermistor is 12.0 k<.

Calculate the current in the battery.

CUITENE = oo e A [2]
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(c) The switch Xin the circuit in (b) remains closed. The temperature of the thermistor decreases.

By reference to the current in the battery, state and explain the effect, if any, of the decrease
in temperature on the power produced by the battery.

. [3]
[Total: 9]
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14 (a) State Kirchhoff’s first law. ON21/21/Q5

- [2]

(b) The circuit shown in Fig. 5.1 contains a battery of electromotive force (e.m.f.) £ and negligible
internal resistance connected to four resistors R, R,, R; and R, each of resistance R.

E

S A —
] e

Fig. 5.1
The current in R, is 0.30A and the potential difference (p.d.) across R, is 2.4 V.

(i) Show that R is equal to 4.0Q.

(2]

(ii) Determine the e.m.f. E of the battery.
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(c) The battery in (b) is replaced with another battery of the same e.m.f. E but with an internal
resistance that is not negligible.

State and explain the change, if any, in the total power produced by the battery.

- [2]

(d) The resistors in the circuit of Fig. 5.1 are made from nichrome wire of uniform radius 240 um.
The length of this wire needed to make each resistor is 0.67 m.

Calculate the resistivity of nichrome.

resistivity = ... QM [3]

[Total: 11]

ON21/22/Q6
15 Acell of electromotive force (e.m.f.) 0.48V is connected to a metal wire X, as shown in Fig. 6.1.

| 0.48V internal
| resistance
I | 1
[ |I — |
080AY T T T T T T T~ ”
wire X,

resistance 0.40Q

Fig. 6.1
The cell has internal resistance. The current in the cell is 0.80A.
Wire X has length 3.0m, cross-sectional area 1.3 x 10~" m? and resistance 0.40Q.

(a) Calculate the charge passing through the cell in a time of 7.5 minutes.
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(b) Calculate the percentage efficiency with which the cell supplies power to wire X.

efficiency = ... % [3]

(¢) There are 3.2 x 1022 free (conduction) electrons contained in the volume of wire X.
For wire X, calculate:

(i) the number density n of the free electrons

(ii) the average drift speed of the free electrons.

average driftspeed = ... ms~! [2]
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(d) AwireY has the same cross-sectional area as wire X and is made of the same metal. Wire Y
is longer than wire X.

Wire X in the circuit is now replaced by wire Y. Assume that wire Y has the same temperature
as wire X.

State and explain whether the average drift speed of the free electrons in wire Y is greater
than, the same as, or less than that in wire X.

. [3]

[Total: 11]
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ON21/23/Q6

16 (a) A resistance wire of uniform cross-sectional area 3.3 x 10" m? and length 2.0m is made of
metal of resistivity 5.0 x 1077 Qm.

Show that the resistance of the wire is 3.0Q.

(2]

(b) The ends of the resistance wire in (a) are connected to the terminals X and Y in the circuit

shown in Fig. 6.1.

___________________

...................

uniform metal wire
resistance 3.0Q

Fig. 6.1

The cell has an electromotive force (e.m.f.) of 1.50V and internal resistance r. The potential
difference between X and Y is 1.20V.

Calculate:

(i) the current in the circuit

(i) the internal resistance r.
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() A galvanometer and a cell of e.m.f. E with negligible internal resistance are connected to the
circuit in (b), as shown in Fig. 6.2.

' 1.50V :
| ro
: || —
\ II | I | :
P
X Y
J
Fig. 6.2

The resistance wire between X and Y has a length of 2.0m. The galvanometer has a reading
of zero when the connection P is adjusted so that the length XP is 1.4 m.

Determine the e.m.f. E of the cell.

(d) The circuit in Fig. 6.2 is modified by replacing the original resistance wire with a second
resistance wire. The second wire has the same length as the original wire and is made of the
same metal.

The second wire has a smaller cross-sectional area than the original wire.

Connection P is adjusted on the second wire so that the galvanometer has a reading of zero.

State and explain whether length XP for the second wire is shorter than, longer than or the
same as length XP for the original wire when the galvanometer reading is zero.

[Total:10]

Cyrus Ishaq PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg, i CYR U S

TCS Ravi, Kaizen, Roots IVY
+923008471504
https://cyrus-physics.com @

31



17 (a) State Kirchhoff's second law. Mi21/21/Q5

(b) A battery has electromotive force (e.m.f.) 4.0V and internal resistance 0.35Q. The battery is
connected to a uniform resistance wire XY and a fixed resistor of resistance R, as shown in

Fig. 5.1.
L14.0V 0.35Q |
. |___1| s T
; \ ! —
.................. R
X oY

uniform resistance wire

Fig. 5.1
Wire XY has resistance 0.90Q. The potential difference across wire XY is 1.8 V.
Calculate:

(i) the currentin wire XY

CUITENE = e e A [1]

(ii) the number of free electrons that pass a point in the battery in a time of 45s

NUIMDET = oo e eesre s aane s [2]
(iii) resistance R.
RS e Q [2]
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(e) Acell of e.m.f. 1.2V is connected to the circuit in (b), as shown in Fig. 5.2.

Fig. 5.2

The connection P is moved along the wire XY. The galvanometer reading is zero when
distance XP is 0.30m.

(i) Calculate the total length L of wire XY.

(ii) The fixed resistor is replaced by a different fixed resistor of resistance greater than R.

State and explain the change, if any, that must be made to the position of P on wire XY
so that the galvanometer reading is zero.

[Total: 11]
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18 (a) Define the ohm. MJ21/22/Q5

.

(b) Awire is made of metal of resistivity p. The length L of the wire is gradually increased. Assume
that the volume V of the wire remains constant as its length is increased.

Show that the resistance R of the extending wire is proportional to L2.

(2]

(c) Abattery of electromotive force (e.m.f.) E and internal resistance ris connected to a variable
resistor of resistance R, as shown in Fig. 5.1.

Fig. 5.1

An ammeter measures the current I in the circuit. A voltmeter measures the potential
difference V across the variable resistor.

The resistance R is now varied to change the values of I and V.

The variation with I of V is shown in Fig. 5.2.

3
VIV
2
™ -
1
0
0 2 4 I/A 6
Fig. 5.2
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(i) Use Fig. 5.2 to state the e.m.f. E of the battery.

(ii) Use Fig. 5.2 to determine the power dissipated in the variable resistor when there is a
current of 5.0A.

POWET = L.oiiiiiiiiiiiiceeeeeeeeeeeeeeeeeeeeemennneee. WO [3]

(iii) State what is represented by the value of the gradient of the graph.

[Total: 8]

MJ21/23/Q5
19 (a) Define the electromotive force (e.m.f.) of a source.

. [2]

(b) The circuit shown in Fig. 5.1 contains a battery of e.m.f. E that has internal resistance r, a
variable resistor, a voltmeter and an ammeter.

Fig. 5.1
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Readings from the two meters are taken for different settings of the variable resistor. The
variation with current I of the potential difference (p.d.) V across the terminals XY of the

battery is shown in Fig. 5.2.

8
VIV
6
4
AN
2
Fig. 5.2
0 I
0 0.2 04 0.6 0.8 1.0

I/A

Explain why V'is not constant.

(c) For the battery in (b), use Fig. 5.2 to determine:

(i) theemf E

(ii) the maximum current that the battery can supply

maximum current = ...,
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(iii) the internal resistance r.

(d) On Fig. 5.2, sketch a line to show a possible variation with I of V for a battery with a lower
e.m.f. and a lower internal resistance than the battery in (b). Your line should extend over at
least the same range of currents as the original line. [2]

[Total: 11]
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March21/22/Q6
20 (a) State Kirchhoff's first law.

-

(b) A battery of electromotive force (e.m.f.) 12.0V and internal resistance r is connected to a
filament lamp and a resistor, as shown in Fig. 6.1.

——————————————————

36AY oo

21A

Fig. 6.1

The current in the battery is 3.6A and the current in the resistor is 2.1A. The I-V characteristic
for the lamp is shown in Fig. 6.2.

2.0
vd

1.5

I/A »
,l
1.0 %
i
0.5
/
0
0 2.0 4.0 6.0
ViV
Fig. 6.2
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(i) Determine the resistance of the lamp in Fig. 6.1.

resistance = .......cccccccvevieeviiinicsineesieeeeseinen,. 2 [3]

(ii) Determine the internal resistance r of the battery.

(iii) The initial energy stored in the battery is 470kJ. Assume that the e.m.f. and the current
in the battery do not change with time.

Calculate the time taken for the energy stored in the battery to become 240kJ.

fime = .. S [2]

(iv) The filament wire of the lamp is connected in series with the adjacent copper connecting
wire of the circuit, as illustrated in Fig. 6.3.

filament wire

copper wire

Fig. 6.3 (not to scale)

Some data for the filament wire and the adjacent copper connecting wire are given in
Table 6.1.

Table 6.1
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Table 6.1

filament wire copper wire
cross-sectional area A 360A
number density of free electrons n 25n

Calculate the ratio

average drift speed of free electrons in filament wire _

average drift speed of free electrons in copper wire

21 (a) Define the ohm.

Fatio = oo e

[2]
[Total: 10]

ON20/21/Q7

(b) A uniform wire has resistance 3.2Q. The wire has length 2.5m and is made from metal of

resistivity 460nQm.

Calculate the cross-sectional area of the wire.

cross-sectional area =
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(e) A cell of electromotive force (e.m.f.) E and internal resistance r is connected to a variable
resistor of resistance R, as shown in Fig. 7.1.

___________________

Al

Fig. 7.1
The current in the circuit is I.

(i) State, in terms of energy, why the potential difference across the variable resistor is less
than the e.m.f. of the cell.

(ii) State an expression for E in terms of I, Rand r.

(iif) The resistance R of the variable resistor is changed so that it is equal to r.

Determine an expression, in terms of only E and r, for the power P dissipated in the
variable resistor.

[Total: 8]

Cyrus Ishaq PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg, i CYR U S

TCS Ravi, Kaizen, Roots IVY
+923008471504
https://cyrus-physics.com @

41



ON20/22/Q6

22 (a) Anetwork of three resistors of resistances R,, R, and R, is shown in Fig. 6.1.

Fig. 6.1

The individual currents in the resistors are I,, I, and I. The total current in the combination
of resistors is I and the potential difference across the combination is V.

Show that the combined resistance R of the network is given by
1 1 1 1

==+ 5 + 5.
R“R "R, "R,

(2]

(b) A battery of electromotive force (e.m.f.) 8.0V and internal resistance r is connected to three
resistors X, Y and Z, as shown in Fig. 6.2.

| 8.0V |
I | ‘{ r |
e L L B o e
I |
I | |
X Z
< b
0.49A
e I
0.45A 16Q
Fig. 6.2
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Resistor Y has a resistance of 16 . The current in resistor X is 0.49A and the current in
resistor Y is 0.45A.

Calculate:

(i) the current in the battery

CUITENT = e A [1]

(i) the internal resistance rof the battery.

T Q [2]

(c) Resistors X and Y in Fig. 6.2 are made from wires of the same material and cross-sectional

area. The average drift speed of the free electrons in X is 2.1 x 10™*ms™".

Calculate the average drift speed v of the free electrons in Y.

(d) Resistor Z in Fig. 6.2 is replaced by a new resistor of smaller resistance.

State and explain the effect, if any, on the terminal potential difference of the battery.

. [2]
[Total: 9]
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23 (a) Define electric potential difference (p.d.). ON20/23/Q6

(b) A wire of cross-sectional area A is made from metal of resistivity p. The wire is extended.
Assume that the volume V of the wire remains constant as it extends.

Show that the resistance R of the extending wire is inversely proportional to A2.

(2]

(c) A battery of electromotive force (e.m.f.) E and internal resistance ris connected to a variable
resistor of resistance R, as shown in Fig. 6.1.

® A

Fig. 6.1
The current in the circuit is I.

Use Kirchhoff's second law to show that

-(5)-

(1]
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(d) An ammeter is used in the circuit in (¢) to measure the current I as resistance R is varied.
Fig. 6.2 is a graph of R against 1.

I
6
R/Q pZa
4 w.
,J
/4
2 vea
'/
>
0 . >~
0L4 0.1 0.2 0.3 0.4 0.5
m
ippes
—/A
I 4
L
) LT

Fig. 6.2

(i) Use Fig. 6.2 to determine the power dissipated in the variable resistor when there is a
current of 2.0 A in the circuit.

(ii) Use Fig. 6.2 and the equation in (c) to:

1. state the internal resistance r of the battery

r= . Q
2. determine the e.m.f. E of the battery.
(3]
[Total: 10]
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1 (@ energy (transferred to the component) per unit B1 | Allow ‘work (done)/'energy converted'/'energy transformed’ for
charge energy transferred
6(b)(i) Q=1It c1
=0.030 x 4.0 x 60
=7.2C Al
6(b)(ii) I=VIR C1  Any subject. First mark for a statement of Ohm'’s law, so allow
I,= 8.0 / (430+240) any voltage over any resistance to imply the C1 mark
=0.012A A1l
6(b)(iii) = I, =0.030 - I
=0.030 - 0.012
=0.018 A A1 | Allow ECF of current from bii if I, is less than 0.030 A
6(b)(iv) R=VI/IL
=(8.0-(0.018 x 210))/ 0.018 C1 | ECF current I, from (b)(iii)
=230Q A1l
OR
resistance of top branch = 8.0/ 0.018 ECF current I, from (b)(iii)
=444 0 (c1)
R=444-210
=230 Q (A1)
OR
Total circuit resistance = 8.0 / 0.030 = 267
1/267 = 1/(210 + R) + 1/(430 + 240) (c1)
1/1267 - 1/670 = 1/(210 +R)
210 + R=443
R=2300Q (A1)
6(c) Adjust the variable resistor so that the galvanometer M1 | Allow 'null reading’ for ‘reads 0’ or ‘galvanometer is at its null point’
reads 0 allow ‘R’ for the variable resistor (BOD)
The ratio of the resistances in the top branch will equal A1 | Allow R/(R+210) = X/(X+430) (any subject)
the ratio of the resistances in the bottom branch (so the Allow “the ratio of the left pair of resistances will equal the ratio of
resistance of X can be determined) the right pair of the resistances”
2 a R =pllA c1
=(1.12%x10°x 1.5)/2.45x107" C1
=6.86Q A1 | 3 sfonly. Answers to 25F or fewer do not
count towards the once-per-paper SF
penalty
7bi (A method where the) reading on the galvanometer is zero. B1
7bii em.f./1.2=64/150 C1 | Allow
(150-64) /150 = (1.2-em.f.}/1.2
e.m.f. =(64/150) x1.2 or 64/(150-64) = e.m.f./ (1.2 -e.mf)
=051V A1
Thiii (the internal resistance will cause a) drop in p.d. across the wire / the terminal B1
p.d. is lower
So the null point will move to the right B1 | Allow other correct descriptions.
Allow ‘it' to mean the null point unless it
clearly refers to something else

I, p, A are constant (so Vo« L)

3 a) 24/6.0=8/(R+8) C1 Alternative potential divider calculation possible:

R=120Q A1l 36/6.0=R/(R+8) (C1)
or R=120Q (A1)
I=24/8=0.30 (C1)
R=(6-24)/03 or R=(6/03)-8
R=120Q (A1)

6(b) V=I(pL/A) or V=IR and R=(pL/A) M1

Al

Allow 1 mark only for: V< Rand R« L (so Ve« L)

G(C)(I) pr." ny = pr)' ny
El24=1.24/2.00

alternative methods:
C1 Rxp = 8.0 x 1.24 /2.00 = 4.96 (Q2) and so

E=15V Al
E/24=496/8 (C1)
E =15V (A1)
or
E/6.0=4.96/(8+12) (C1) (ECF from (a))
E =15V (A1)

6(c)(ii) | p.d. across XY increases / p.d. across XP increases M1
so P moved towards X / away from Y / to the left A1l
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4 2)i) |(v=)150-136 B1

(=0.14 V)

current = V/R A1

=0.14/0.28=0.50A

7(@)(ii) resistance = V/I c1
=1.36/0.50 A1
=27Q

7(a)ii) |R=27-1.0 A1

=1.7Q

7(b)(i) two resistors correctly shown in parallel with cell and no other components B1

7(b)(ii) (exl';ernal) resistance is now smaller B1

an

(so) current (in cell) is greater / (external) resistance smaller fraction of total resistance / internal resistance larger fraction of
total resistance

(greater p.d. across internal resistance so) terminal p.d. is less B1
5 a) sum of current(s) entering a junction = sum of current(s) leaving (the same junction) B1
or

(algebraic) sum of current (s) at a junction is zero

6(b) (by Kirchhoff's second law) V= Vi + V2 B1
so IRy = IR+ IR, (and cancelling I gives) Rr = R1 + R: B1
or

V/I=V,/I+Vy/I (and substituting R gives) Rr = R + R,

6(c) current in circuit = 1.35/(10 + 15) (= 0.054 A) C1
r=(E-WII c1
=(1.5-1.35)/0.054 A1
=280
or
s - . C2
by potential divider principle % = ZLS (€2)
r=280 (A1)
or
I=1.35/(10 + 15) (= 0.054 A) (c1)
total resistance = 1.50/0.054 (=27.8 Q) (C1)
r=278-25
r=280 (A1)
6(d)(i) the (total) resistance (of the circuit) has decreased (and e.m.f. is unchanged) M1
(the current (in the cell) will) increase A1
6(d)(ii) | (as the current is greater and so there is a) larger p.d. across the internal resistance M1
(terminal p.d. will) decrease A1
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6 (a)(i) | sum of electromotive force(s) = sum of potential difference(s) around a (closed) loop B1
tohre (algebraic) sum of the p.d.(s) and e.m.f.(s) is zero around a (closed) loop
5(a)(ii) | (law of conservation of) energy B1
5(b)(i) | (by Kirchhoff's firstlaw) I = I+ + I, B1
VIRr=V/Ri+ VIR; therefore 1/Rr=1/Ri1+1/Rz B1
5(b)(ii) | resistance of parallel combination = (15 x 10)/(15+ 10) (=6.0Q) c1
r=(E-W)I1I c1
I=1.38/6.0=0.23A A1l
r=(1.50-1.38)/0.23
=052Q
or
(by potential divider principle) r/ Rr=Ir/ V (C1)
r/6.0=0.12/1.38 (A1)
r=0.520
or
(by potential divider equation) V = E x Rr/ (Ry +1) (c1)
1.38=15x6.0/(6.0+n (A1)
r=0.52Q
5(c)(i) as the (total) resistance has decreased (and e.m.f. is unchanged) M1
current will (in the cell) increase A1
5(c)(ii) | (as greater current means a) bigger drop in p.d. across the internal resistance M1
p.d. (on voltmeter) will decrease A1
—7 a) energy (transferred) per (unit) charge B1
7(b) V =0.25x6 c1
=15
Ir=E-IR c1
Ir=18-15
=0.3
r =0.3/0.25 A1
=1.2Q
or (c1)
(Total) R=1.8/0.25
=72
E/I=(R+r)
1.8/0.25=6+r (c1)
r=7.2-6 (A1)
=120
7(c)(i) | The same B1
7(c)(ii) | Any 3 from: B3
e Dbefore t1/when current constant, the (total) resistance is constant
e at ti/when current increases, the (total) resistance decreases (due to decrease of external resistance)
o (after t1) temperature (of lamp) increases
(so the resistance of the lamp increases)
e (after t1) resistance of lamp increases (so total resistance increases so the current in the ammeter decreases)
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I 8 ‘(a) current (through a conductor is directly) proportional to potential difference (across the conductor) or vice versa M1

(provided that) temperature (of conductor remains) constant A1

70)i) |R=pL/A ¢

p =(18x 7.2 x 10%)/0.94 A1
=14%x10°Qm

7(b)(ii) | voltmeter reading = 3.1V A1

7(b)(ii) | current in the battery: increase B1
voltmeter reading: decrease B1

7(b)(iv) cross marked on the resistance wire to right of the arrowhead of S, but not touching the right-hand end of the resistance B1
wire

7(c)i) |I =Anvg (o]
g =0.93/[(7.2 x 1078) x (9.0 x 10%) x (1.3 x 10-3)]

g =11x107"°C A1

7(c)(ii) | charge/q (value) is below 1.6 x 10-'°(C) B1

:r:arge cannot be below 1.6 x 107'°(C)
8:1e charge carriers/ g) should have a charge of 1.6 x 10~'® (C)

9 a) V/9.0 =1800/(1800 + 1200) c1
V=54V A1
or
I=9.0/(1800 + 1200) = 3.0 x 10-% (A) (c1)
V=3.0x 103 x 1800

=54V (A1)

7(b)(i) L/1.2=54/9.0 or XZ/1.2=5.4/9.0 Cc1
L=0.72m A1l
or
L/1.2=1800/(1800 + 1200) or XZ/1.2=18/(1.8+1.2) (C1)
L=072m (A1)

7(b)(ii) e (intensity) increase B1
e (power) increase B1
e (length XZ) decrease B1

10 3(a) energy (transferred from electrical to other forms) per unit charge B1

6(b)(i) (resistance is) infinite / very high B1

6(b)(ii) (resistance) decreases (as V increases) B1

6(c)(i) current=2.7-1.5 A1

=12A

6(c)(ii) 12=(1.5x5.0)+(1.5xR) or R=(12/1.5)-5.0 Cc1
R=3.0Q A1
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6(c)(iii) | Vixz=(1.6/2.0)x 12 (= 9.6 V) c1
Veewy = 1.5x 5.0 (=7.5 V) c1
potential difference =9.6 -7.5 A1

=21V
or
Vizv)=(0.4/2.0) x 12(=2.4 V) (c1)
Vawvy = 1.5 x 3.0 (= 4.5 V) (c1)
potential difference =4.5-2.4 (A1)
=21V

6(c)(iv) | currentin (fixed/ variable) resistor decreases B1
current in (resistance) wire is unchanged B1
(so) current in battery decreases, (same e.m.f. so) power decreases B1

1
11 (@) energy transferred per (unit) charge (from electrical to other forms) B1
6(b) same/equal current (in X and Y) B1
P =R (and Rx> Ry) M1
or
P=VI and Vx> Wy
(so) X (dissipates more power) A1
6(c)i) |I=Q/t c1
=650/540 A1
=1.2A

6(c)(ii) V =W/Q or W/It Cc1

=4800/650 or 4800/(1.2 x 540) A1
=74V

or

V =P/I and P=W/t (c1)
=89/1.2 (A1)
=74V

6(c)ii) |I=45+12(=57A) c1
9.0=74+57r or 9.0=57(1.3+r) A1
r=0.280Q

1

12. a) sum of e.m.f.(s) = sum of p.d.(s) M1
glgebraic) sum of e.m.f.(s) and p.d.(s) is zero
around a loop / around a closed circuit A1

5(b)(i) | 1/rm=1/059+1/0.59+1/0.59 B1
(rm =) 0.197 (Q) A1
(R=)22-0197=200
or
I=15/22(=0.68A) and /= 0.68/3 (where [ is the circuit current and i is the current from each cell) (B1)
(E=IR+ir=)15=0.68R+ (0.68/3)x0.59 and R=2.00Q (A1)
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5(b)(ii) |current =1.5/2.2 Cc1
=0.68A A1
or
p.d. across cell = p.d. across conductor (c1)
1.5-0.59I =3I x 2.0 so I = 0.228 A (where I is current in cell)
current = 3 x 0.228
=0.68A (A1)
or
current in conductor = 3 x current in cell (C1)
V12.0=3x(1.5-V)/0.59 (where Vis p.d. across conductor)
V=137V
current=1.37/2.0
=0.68A (A1)
5(c)i) |R=pL/IA c1
R =4plL/nd? c1
(pand L are the same so)
Ral/ Rs =7.62/4.32
=3.1 A1
5(c)(ii) | I=Anvq and I, n, q are same/equal/ constant B1
Va - As _ G Al
vg A, d,?
ratio = 7.6%/4.3?
=31
5(d) combined internal resistance (of the cells) will be greater B1
toc;(allcircuit resistance (of circuit) greater (because a parallel resistance removed)
more ‘lost volts’ (inside each cell) or internal resistances take a greater share of total p.d. or conductor gets a smaller share M1
of the total p.d. or current in conductor/total current decreases
(so) potential difference (across conductor) decreases A1
]

13 (a) V=Vi+Vy+ V3 B1
IR=IRy +IR; +IR; or (V/I)=(Vi/I) +(Vo/I) +(V3/1I) B1
and
R=Ri+R:+Rs

6(b)(i) V/8.0=6.0 x 103/ (4.0 x 10° + 6.0 x 10%) c1
or
I =80/(4.0%x10%+6.0x 103 =8.0x10"*
V=8.0x10"*x6.0x10°
V=48V A1

6(b)(ii) | total resistance in parallel = 3.0 x 103 (Q) or 3.0 (kQ2) C1
current = 8.0/(3.0 x 10% + 6.0 x 10%) A1

=8.9x10#A
6(c) thermistor resistance increases B1
(thermistor resistance increases so total resistance increases so) current decreases (in battery) M1
(P = EI and E constant so) power decreases A1
Cyrus Ishaq PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg,
TCS Ravi, Kaizen, Roots IVY
+923008471504
https://cyrus-physics.com

mCYRUS

© &)

51



14 a) 2L:m of current(s) in = sum of current(s) out M1
(algebraic) sum of current(s) is zero
at a junction (in a circuit) A1
5(b)(i) (current in Rgor R4 =) 0.30 + 0.30 B1
(=0.60 A)
(R=)2.4/0.60=4.0(Q) Al
or
(p.d. across RsorR2=)2.4/2 (B1)
(=1.2V)
(R=)1.2/0.30 = 4.0 (Q) (A1)
5(b)(ii) |E =2.4+24+12 c1
=6.0V A1
or
total resistance = 10 (Q2) (c1
E =10x0.60 (A1)
=6.0V
5(c) total resistance increases B1
current decreases (in battery) so total power decreases B1
5(d) resistivity = RA/L Cc1
=4.0 x X (240 x 10%)2/0.67 Cc1
=1.1x10°Qm A1
15 i(a) Q=1It Cc1
=0.80x 7.5x 60 Al
=360C
6(b) P=EI or P=VI or P=IPR or P=V2/R Cc1
0.802 x 0.40 (= 0.256 W) C1
or
0.48 x 0.80 (= 0.384 W)
efficiency = (0.256 / 0.384) x 100 Al
=67%
6(c)(i) |n =3.2x102/(1.3x 107 x 3.0) Al
=82x10%m=3
6(c)(ii) | I=Anvg Cc1
v =0.80/(1.3x 107 x 8.2 x 1028 x 1.60 x 10-'9)
=4.7%x10*ms"" A1
6(d) (wire Y has) larger resistance / resistance increases M1
(wire Y has) smaller current/ current decreases M1
(average drift) speed is less (in wire Y) A1
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16 ) |R=pL/A c1
(R=)5(.0)x 107 x2(.0)/3.3x107=3.0Q A1
6(b)i) |I =1.2/3.0 A1
=040A
6(b)(ii) |r =(1.50-1.20)/0.40 or 1.50/0.40 - 3.0 c1
=0.75Q Al
6(c) E/120=14/20 Cc1
E=084V A1
or
Rxp=(14/2.0)x3.0 (=2.1Q) (C1)
E=21x040
E=084V (A1)
6(d) (second wire has) larger resistance/resistance increases M1
p.d. across XY is larger/increases (for second wire) M1
;.rd. across the (second) wire is larger/increases
(so) length XP (for second wire) is shorter Al
17 a) sum of e.m.f.(s) = sum of p.d.(s) M1
glgebraic) sum of e.m.f.(s) and p.d.(s) is zero
around a loop/around a closed circuit Al
5(b)(i) |I=1.8/0.90 A1l
=2.0A
5(b)ii) |Q=1It c
number = (2.0 x 45)/1.60 x 10-'° A1
=5.6 x 102
5(b)(iii) |4.0=1.8+[2.0x(0.35+R)] c1
or
40=20x(0.90 +0.35 + R)
R=0.75Q A1l
5(c)(i) 12/1.8=0.30/L c1
L=045m Al
5(c)(ii) p.d. across XY decreases/p.d. across XP decreases B1
(so) P is moved towards Y/away from X/to the right B1
18 (a) volt/ ampere B1
5(b) R=pLIA B1
(A=VIL) B1
(so) R = plL2/ V (with p and V constant so R o L?)
5(c)() | E=24V Al
5(c)(ii) P=VI or I’R or V2/R C1
=1.3x5.0 or 5.02x0.26 or 1.32/0.26 c1
=6.5W A1
5(c)(iii) (-) internal resistance or (=) r B1
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‘19 ‘a) energy per unit charge B1
energy transferred by source driving charge around the complete circuit B1
:;ergy transferred from other forms to electrical energy
5(b) there is a p.d. across the internal resistance/r B1
change in current/I results in a change in p.d. across the internal resistance B1
V = E - p.d. across internal resistance B1
gr:ange in p.d. across r causes a change in V (as e.m.f. is constant)
5(c)i) |E=T74V A1
5(c)(ii) | maximum current = 0.92 A A1l
5(c)(iii) | r=E/Imuax or (-)gradient C1
e.g.r=7.4/0.92 A1
=8.0Q
5(d) straight line with negative gradient that is smaller in magnitude than the original line B1
line which would have intercept on V-axis below the original line B1
20 (a) sum of current(s) into junction = sum of current(s) out of junction B1
?a:lgebraic) sum of current(s) at a junction is zero
6(b)(i) I1=36-21 c1
=15
V=44 c1
R=44/15 A1
=29Q
6(b)(ii) 120=44+3.6ror12.0=3.6 (1.2+r) c1
r=21Q A1
6(b)(iil) [t =(470x10%—-240x10%)/(12% 3.6) c1
=5300s A1
6(b)(iv) |I=Anvg c1
ratio= (360A/A) x (2.5n/n) or 360 x 2.5
=900 A1
21 7(a) volt/ ampere B1
7(b) R=pL/A c1
A =460%x10°x25/3.2 c1
=3.6x10"m? A1
7(c)(i) energy is dissipated in the internal resistance/r B1
7(c)(ii) E=IR+Iror E=I(R+1) B1
7(c)(iii) |P=IR or P=1Ir c1
I=E/2r A1
(so) P=E2/4r
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22 a) I=0+L+1; B1
(VIR = (VIR) + (VIR + (VIRs) or (I/V)=(Ii/V) + I/ V) + (Is] V) B1
and
1MR=1/Ri+1/R2+1/Rs

6(b)(i) | current = 0.49 + 0.45 A1l
=094 A
6(b)(ii)) | 8.0=(0.94 x )+ (0.45x 16) c1
r=085Q Al
6(c) I=Anvq c1
v=(0.45/0.49)x 2.1 x 104
=1.9%x10%ms™" A1
6(d) total/combined resistance decreases B1
(current in battery increases so terminal) potential difference decreases B1
f
23 @ work (done)/energy (transferred from electrical to other forms) B1
charge
6(b) R=pLI/A B1
V=LA and (so) R= pV/A? (with pand V constant) B1
6(c) E=IR+Ir or E=I(R+r) or E-Ir=1IR A1
and
R=(EIT)-r
6(d)i) |P=1IR or P=IV or P= /R c1
R=54(Q) or V=10.8(V) c1
P=20°x54 A1
=22W
6(d)(ii) 1. r=0.60Q A1
2. E =gradient C1
=e.g.54/0.45 A1
=12V
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