Current Electricity — 2021 AS

1. Nov/2021/Paper_21/No.5
(a) State Kirchhoff's first law.

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

E
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eQFig. 5.1

The currentin R, is d the potential difference (p.d.) across R, is 2.4 V.

(i) Show tha
""

*

4.0Q.

(2]

(ii) Determine the e.m.f. E of the battery.



(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.

(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.

[Total: 11]




2.

Nov/2021/Paper_22/No.6
A cell of electromotive force (e.m.f.) 0.48V is connected to a metal wire X, as shown in Fig. 6.1.

| 0.48V in_ternal
| | resistance

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

(a) Calculate the charge passing through the cell in a time a@ninutes.

(b) Calculate the perce iciency with which the cell supplies power to wire X.

&

*

efficiency = .o % [3]



(c) 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

TS e m= [1]

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

average drift spe@: ............................................. ms™! [2]

(d) Awire Y has the same cross-sectional ar: @ X and is made of the same metal. Wire Y
is longer than wire X. <

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

State and explain whet

ge drift speed of the free electrons in wire Y is greater
than, the same as, o

n that in wire X.

[Total: 11]



3.

Nov/2021/Paper_23/No.6

(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 10~ Qm.

Show that the resistance of the wire is 3.0 Q.

(2]

(b) The ends of the resistance wire in (a) are connected to the terminal@nd Y in the circuit

shown in Fig. 6.1. q
150V b
|
|

______________

2

rce (e.m.f.) of 1.50V and internal resistance r. The potential
s 1.20V.

The cell has an elec
difference between

Calculates:
acuaff?’

(i) the curfenti ircuit

CUITENt = L. e A [1]

(ii) the internal resistance r.



(c)

(d)

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.
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Fig. 6.2

The resistance wire between X and Y has a length of 2.0m. Th&meter has a reading
4'm.

of zero when the connection P is adjusted so that the lengti»

\
O
Y
O
0 E = e V [2]

The circuit in Fig. 6.2 is modifi replacing the original resistance wire with a second
resistance wire. The seco the same length as the original wire and is made of the
same metal.

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

The second wire h
Connectigh® is
i .4

State and e’xplai ether 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.

er cross-sectional area than the original wire.

n the second wire so that the galvanometer has a reading of zero.

[Total:10]



4. June/2021/Paper_21/No.5
(a) State Kirchhoff's second law.

(b) A battery has electromotive force (e.m.f.) 4.0V and internal resistance 0.35%Q. The battery is
connected to a uniform resistance wire XY and a fixed resistor of resistance R, as shown in
Fig. 5.1.

uniform resistance wir‘\
Fig. 5.1 0

Wire XY has resistance 0.90. The potential diff e across wire XY is 1.8V.

Calculate: o

(i) the current in wire XY 0
z CUITENE = e A [1]

rons that pass a point in the battery in a time of 45s

(i) the ’n‘u?’b

(iii) resistance R.



(c) Acell of em.f. 1.2V is connected to the circuit in (b), as shown in Fig. 5.2.

I |40V 035Q |
- |___ | T
i ! — i
__________________ "
P
X o= Y
1.2V E
Fig. 5.2
The connection P is moved along the wire XY. The galvanom ding is zero when
distance XP is 0.30m.
(i) Calculate the total length L of wire XY. % é

(i) The fixed resis Qaced by a different fixed resistor of resistance greater than R.

State and hange, if any, that must be made to the position of P on wire XY
SO mﬁtthe ter reading is zero.

A4

*

[Total: 11]



5.

June/2021/Paper_22/No.5
(a) Define the ohm.

(b) Awire is made of metal of resistivity po. 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

L/

R

(c) A battery of electromotive force (e.m.f.) E and intence r is 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.
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Fig. 5.2 (\

(i) Use Fig. 5.2 to state the e.m.f. E of the baﬂxc

Q ....................................................... Vv [1]
(ii) Use Fig. 5.2 to determine the p sipated in the variable resistor when there is a

current of 5.0A.

[Total: 8]

10



6. June/2021/Paper_23/No.5
(a) Define the electromotive force (e.m.f.) of a source.

(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.

Readings from the two meters are@ for different settings of the variable resistor. The
variation with current I of the difference (p.d.) V across the terminals XY of the
battery is shown in Fig. 5.2.
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Fig. 5.2

11



Explain why Vis not constant.

............................................................................................................................................. 3]
(c) Forthe battery in (b), use Fig. 5.2 to determine:
(i) theemif E
E = e V [1]
(ii) the maximum current that the battery can supply qz
O

maximum currw .............................................. A 1]

(iii) the internal resistance r.

o
s

show a possible variation with I of V for a battery with a lower

(d) On Fig. 5.2, sketcl

e.m.f. and,alo i resistance than the battery in (b). Your line should extend over at
least thersame r. rrents as the original line. [2]

*

[Total: 11]

12



7. March/2021/Paper_22/No.6
(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 T

ge

The current in the battery is 3.6 A and the current inthe resistor is 2.1A. The I-V characteristic
for the lamp is shown in Fig. 6.2.
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Fig. 6.2
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(i) Determine the resistance of the lamp in Fig. 6.1.

resistance = ... Q [3]

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

(iif) The initial energy stored in the ba 1$.470kJ. Assume that the e.m.f. and the current
in the battery do not change with time.

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

Q’b

&

*

14



(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
(5 L

\

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 0
filament wire r wire
cross-sectional area A 360A
number density of free electrons n 25n

Calculate the ratio

average drift speed of friée e ons in filament wire
average drift speed of ectrons in copper wire

[Total: 10]

15



