HKAL Exercise : Part 4 Electricity and Electromagnetism

Chapter 15 Electric Circuits
15.1
E.m.f. and internal resistance of battery

1.
The e.m.f. of a battery is equal to

(1)
the total electrical energy it releases, per coulomb of charge when connected to an external circuit.

(2)
the total electrical energy it generates divided by the current it delivers.

(3)
the potential difference across its terminals when it is on open circuit.


A.
(1) only



B.
(3) only


C.
(1) and (3) only


D.
(2) and (3) only

2.
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A cell of e.m.f. 1.3 V is connected in series with a variable resistor of resistance R and an ammeter A of resistance 0.2 Ω. By varying R, a series of ammeter readings, I, are taken and a graph of 
[image: image2.wmf]I

1

 against R is plotted. The value of the y-intercept is found to be 0.92 A-1. What is the internal resistance of the cell ?

A.
0.71 Ω

B.
1.00 Ω



C.
1.20 Ω

D.
1.21 Ω

3.
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In the above circuit, the internal resistance of the battery is 3 Ω. R is a variable resistor. Which of the following statements about the circuit is/are correct ?

(1)
If the resistance of R is very small, the terminal potential difference of the battery is very large and the power dissipated in the battery is large.

(2)
If the resistance of R is 3 Ω, the voltage supplied to R by the battery is at a maximum.

(3)
If the resistance of R is very large, the current in the circuit is very small but most of the power supplied by the battery is dissipated by R.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

4.
A d.c. supply of constant e.m.f. and internal resistance is connected to a variable resistor of resistance R. Which of the following graphs best shows how the current I delivered by the supply varies with R ?



A.


  B.
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C.


  D.
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5.
(a)
A student uses the circuit in Figure 5.1 to measure the resistance of a resistor R, with an 

unknown order of magnitude. The voltmeter and the ammeter are ordinary moving-coil meters used in school laboratories. He first connects K to X with a flying lead and then to Y.
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Figure 5.1

(i)
Describe the change in the readings of the voltmeter and the ammeter, if any, when the flying lead from K is moved from X to Y for




(I)
R of a few ohms,










(1 mark)




(II)
R of a few kilo-ohms.









(1 mark)

(ii)
The student decides to connect K to Y. The voltmeter and the ammeter read 3 V and 1.2 mA respectively.




(I)
Comment, with reasons, on his choice of connecting K to Y.


(2 marks)




(II)
Find the true value of R if the resistance of the ammeter is 40 Ω.
(1 mark)

(b)
The circuit in Figure 5.2 is employed to measure the e.m.f., E, and the internal resistance, r (a few ohms), of a dry cell. (Assume the voltmeter and the ammeter used are ideal.)
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Figure 5.2

(i)
If the full-scale deflection of the ammeter is 250 mA, suggest which ranges of the voltmeter and the rheostat it would be suitable to use.




(1 mark)

(ii)
The voltmeter readings, V, and the ammeter readings, I, obtained for different rheostat settings are used to plot the graph below.
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Express V in terms of E, I and r. Hence deduce from the graph the e.m.f. and the internal resistance of the cell.









(3 marks)

(iii)
It can be proved that when the resistance of the rheostat equals the internal resistance of the cell, maximum power output from the cell would be obtained. Find an expression of this maximum power output in terms of E and r, and calculate the corresponding output efficiency of the cell.






(3 marks)

15.2
Kirchhoff’s law

6.
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The figure above shows part of a circuit which carries a current of 1 A from X to Y through a cell of e.m.f. 4 V and internal resistance 2 Ω. The potential difference between X and Y is



A.
1 V.




B.
2 V.




C.
4 V.




D.
6 V.

7.
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In the above circuit, X and Y are identical cells, of e.m.f. 15 V and internal resistance 10 Ω. What is the current passing through the 5 Ω resistor?




A.
1 A




B.
2 A




C.
3 A




D.
3/2 A

8.



[image: image13.wmf]5 V

3 V

4 

W

2 

W

P

Q



Two cells of negligible internal resistance are connected with two resistors as shown. What is the potential difference between P and Q ?



A.
0.3 V
B.
1.7 V




C.
2.3 V
D.
3.7 V

9.



[image: image14.wmf]10 V

2 V

100 

W

X

G



In the circuit shown above, the galvanometer G reading is zero. So X has a resistance of 



A.
25 Ω.

B.
100 Ω.



C.
125 Ω.

D.
400 Ω.
10.
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In the circuit shown , no current flows through the galvanometer G. If the internal resistance of the cell is negligible, what is the value of R?




A.
13 Ω

B.
15 Ω



C.
105 Ω

D.
130 Ω
11.
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The above figure shows a network of resistors. If a voltage 150 V is applied across terminals A and B, the potential difference between C and D is 50 V. If the voltage is applied across terminals C and D instead, what is the potential difference between A and B ?

A.
30 V

B.
20 V

C.
17 V
D.
It cannot be found as the value of R is not known.

12.
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The figure shows some of the resistors in a network of resistors. The magnitudes and directions of some of the currents are marked as shown. Find the magnitude and direction of the current passing through the resistor R.




A.
0.6 A from right to left




B.
0.6 A from left to right



C.
1.2 A from right to left



D.
1.2 A from left to right
13.
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In the above circuit, the d.c. supply has an e.m.f. of 8 V and its internal resistance is negligible. V1, V2 and V3 are three voltmeters with the same finite internal resistance. If V1 reads 3 V, find the reading of V3 and the potential difference across resistor R.




Voltmeter

Potential




Reading of V3
difference across R


A.

2 V


1 V



B.

1 V


2 V



C.

2 V


5 V



D.

5 V


2 V

15.3
Electric Current and Drift Velocity

14.
An electric current is flowing in a copper wire which is part of a circuit. The electrons in the copper wire

A.
had random motion onto which was imposed a drift velocity of a few millimetres per second when the switch was closed.

B.
were at rest until the switch was closed but now moved along the wire with a drift velocity of a few kilometres per second.

C.
were at rest until the switch was closed but now moved along the wire at a speed approaching the speed of light.

D.
had random motion onto which was imposed a drift velocity of a few kilometres per second when the switch was closed.

15.
A resistance wire is connected across the terminals of a battery. Which of the following statements is incorrect ?

A.
After connection to the battery, an electric field is set up along the length of the wire.

B.
The conduction electrons in the wire are accelerated momentarily along the direction of the electric field.

C.
The current in the wire is proportional to the average drift velocity of the electrons.
D.
The conduction electrons collide with the ion inside the wire, giving out heat energy.

16.
If a metal conductor, of cross-sectional area A, has n free electrons per unit volume, each carrying a charge e and moving with a drift velocity v, the 


(1)
current flow will be nevA.


(2)
current density will be evA.

(3)
drift velocity will increase with temperature.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(1), (2) and (3)
17.
Which of the following quantities can be decreased by decreasing the voltage across a metal wire ?

(1)
the number of conduction electrons per unit volume


(2)
the current density


(3)
the speed of the electrical signal



A.
(1) only



B.
(2) only



C.
(1) and (2) only



D.
(1), (2) and (3)

15.4
Bridge Circuits (Wheatstone Bridge)
18.
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The diagram shows a Wheatstone bridge circuit, P, Q and R are resistance boxes whose resistance may be set at zero or any integral number of ohms, up to 2 000. X is an unknown resistance to be measured by adjusting R. With P and Q each set at 400 ohms, it is not possible to balance the bridge, and the current through the galvanometer is always in the same direction. Which one of the following explanations could account for this failure ?




A.
X is greater than 400 ohms.




B.
X is greater than 800 ohms.



C.
X is greater than 1 000 ohms.



D.
X is greater than 2 000 ohms.
19.
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The figure above shows 4 resistors, of resistance P, Q, R and S in a Wheatstone bridge circuit. Which of the following statements is/are correct when the bridge is balanced ?

(1)
The p.d. across R is equal to the p.d. across S.

(2)
The current through G will become non-zero when the battery and the galvanometer are interchanged.

(3)
The potential at point x is equal to the potential at point y.


A.
(1) only


B.
(1) and (3) only


C.
(2) and (3) only


D.
(1), (2) and (3)

20.
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The figure above shows 4 resistors, of resistance P, Q, R and S in a Wheatstone Bridge circuit. Which of the following statements is/are correct when the bridge is balanced?


(1)
PQ = SR

(2)
S/(Q + R) = R/(P + S)
(3)
The potential difference across P is equal to the potential difference across Q.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

21.
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In the above circuit, the cell has e.m.f. 5 V and negligible internal resistance. The resistance of the four resistors R1, R2, R3 and R4 are 4 Ω, 1 Ω, 2 Ω and 3 Ω respectively. The capacitor has capacitance 30μF. At steady state, the charge on the capacitor plate connecting to A is




A.
+60μC




B.
+120μC




C.
-60μC




D.
-120μC

15.5
Measuring Devices : Potentiometer

22.
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Two cells X and Y, each of internal resistance 2 Ω, are connected with two 8 Ω resistors as shown in the above circuit. If cell X has e.m.f. 16 V and the galvanometer G shows null deflection, what is the e.m.f. of cell Y ?



A.
1.8 V

B.
7.1 V




C.
8.9 V

D.
12.8 V

23.
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In the above circuit, the galvanometer reading is zero. If both cells have negligible internal resistance, the e.m.f. of the cell E is



A.
4.5 V.




B.
12.6 V.




C.
13.5 V.




D.
27 V.

24.
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In the above circuit each cell has negligible internal resistance. The voltmeter has a resistance of 6 kΩ. The reading on the voltmeter is




A.
0 V.




B.
0.4 V.




C.
1.1 V.




D.
4 V.

25.
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The diagram shows a potentiometer circuit. Which of the following statements is/are correct?

(1)
If the e.m.f. E1 raises, the balance point P will be closer to Y.

(2)
If R1 is increased, the balance point P will be closer to Y.

(3)
If R2 is increased, the balance point P will be closer to Y.


A.
(1) only



B.
(2) only


C.
(1) and (2) only


D.
(2) and (3) only

26.
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The potentiometer circuit shown is used to find the internal resistance of the cell E. At balance, the galvanometer pointer does not deflect, and there is no current flows through


(1)
the battery E.


(2)
the resistor R.


(3)
the galvanometer G.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(1) and (3) only

27.
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In the above circuit, C denotes the balance position on the potentiometer wire AB. Which of the following procedures can shift C towards the end B?

(1)
adding a resistance in series with the galvanometer G.

(2)
increasing the resistance of the rheostat R.

(3)
replacing the cell Y by a cell with a smaller emf.

A.
(2) only

B.
(3) only

C.
(1) and (2) only


D.
(1) and (3) only

28.
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In a potentiometer experiment, a balance point was found on the potentiometer wire XY at Z. After switch S had remained closed for some time, it was found that the contact at Z had to be moved towards Y to maintain the balance. The most likely reason was that

A.
XY was getting warm and its resistance was increasing.




B.
the cell B was running down.




C.
the cell V was running down.

D.
the galvanometer coil was getting warm and its resistance was increasing.

29.
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In the above circuit, AB is a metre-wire of resistance 5 Ω. When X is moved to the mid-point of AB, the p.d. across AX will be



A.
1.7 V.




B.
2.2 V.




C.
2.8 V.




D.
3.3 V.

30.
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In the above figure, AB is a resistance wire of uniform cross-section, and S is a sliding contact. The 3 V battery has negligible internal resistance, and V is a high resistance voltmeter. Which of the following graphs shows the correct variation of voltage measured by V when the contact S is moved from A to B ?


A.



B.
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The above potentiometer circuit is used to calibrate an ammeter A. XY is the potentiometer wire and the potential drop across the wire is 0.06 V/cm. B is the balance point and XB = 50 cm. The current passing through the ammeter A is



A.
9.0 A.

B.
3.0 A.




C.
1.8 A.

D.
1.0 A.

32.



[image: image37.wmf]R

A

S

C

B

E

G



In the potentiometer circuit shown, S is a source whose e.m.f. is to be measured. R is a resistor to protect the galvanometer G. In the experiment, a student finds that G deflects in the same direction for any position of C, giving maximum deflection at B and minimum deflection (not zero) at A. Which of the following is the possible reason?


A.
The resistance of R is too high.


B.
S is connected with wrong polarity.

C.
The e.m.f. of the driver cell E is too high.



D.
The e.m.f. of the source S is too low.

33.
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The figure above shows a potentiometer circuit used for measuring the e.m.f.s of cells. The potential gradient along the potentiometer wire PQ is assumed to be constant. Which of the following statements is/are true ?

(1)
At balance, there is no current flowing through the path PABX.

(2)
If the balance point X is close to P, the resistance R1 should be increased.

(3)
At balance, it is better to have point X near Q.



A.
(1) only
 B.
(1) and (2) only



C.
(2) and (3) only



D.
(1), (2) and (3)

34.



[image: image39.wmf]10 cm

40 cm

60 cm

10 

W

uniform resistance

wire carrying

steady current

G

X



In the above circuit, the galvanometer G reads zero. The resistance of resistor X is




A.
10 × (2/3) Ω



B.
10 × (2/5) Ω



C.
10 × (3/2) Ω



D.
10 × (5/2) Ω
15.6
Measuring Devices for very small p.d.

35.
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The potentiometer circuit above was set up to determine the e.m.f. of a thermocouple XY. PQ is a uniform resistance wire. As the sliding contact S is moved along PQ towards Q, the galvanometer deflection decreases continuously in the same direction, but does not become zero. What is the reason?




A.
The resistance R is too small.

B.
The e.m.f. of the battery B is too large.

C.
The e.m.f. of the thermocouple is too large.

D.
The galvanometer resistance is too small.
HKAL Exercise (KEY) : Part 4 Electricity and Electromagnetism

Chapter 15 Electric Circuits
1 – 4 : CBBA

5.
(a)
(i)
(I)
Voltmeter reading increases and ammeter reading remains constant





(or decreases slightly).










1




(II)
Voltmeter reading remains constant (or increases slightly) and ammeter





reading decreases.











1 2



(ii)
(I)
His choice is right as the order of magnitude of the resistance is about 103
1




~ 104 which is much greater than that of the ammeter.




1



(II)
Calculated value of R
= 
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= 2 500 Ω




True value of R = 2 500 Ω – 40 Ω= 2 460 Ω





1 3


(b)
(i)
0 – 1 V to 0 – 2.5 V




0 – 10 Ω to 0 – 100 Ω 










1 1



(ii)
E = V + I r = > V = - I r + E










1
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1




internal resistance r = - slope = 10 Ω 








1 3



(iii)
Maximum power
= 
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Efficiency
= 
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1 3
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