HKAL Exercise : Part 4 Electricity and Electromagnetism

Chapter 17 Alternating Currents
17.1
Alternating Currents : Root-mean-square value

1.
The instantaneous value of an alternating current I (in A) at time t (in s) is given by the equation
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Which of the following descriptions is/are correct ?

(1)
The value of the current varies between 
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 A and 
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(2)
The a.c. frequency is 20 Hz.

(3)
The r.m.s. value of the current is 
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 A.



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

2.
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An alternating current passes through a resistor R of resistance 15 Ω. The voltage across the resistor is measured by a C.R.O. The figure above shows the waveform on the screen. The y-sensitivity of the C.R.O. is 3 V/cm. The average power dissipated in the resistor is




A.
2.7 W.




B.
5.4 W.




C.
10.8 W.




D.
21.6 W.

3.
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The diagram shows the waveform of an alternating p.d. V applied across a resistor R. What is the value of the steady p.d. which should be applied across R to give the same heating effect?




A.
0 V


B.
3
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C.
3 V


D.
15 V

4.
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The voltage of an a.c. source varies with time t as shown. The r.m.s. value of the applied voltage is



A.
V/
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B.
V/2.




C.
V.


D.
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An alternating current flowing through a resistor varies with time as shown above. What is the value of the direct current that gives the same heating effect as the alternating current ?




A.
4.8 A

B.
4.9 A



C.
5.0 A

D.
5.1 A
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  (a)


  (b)


A signal generator produces either (a) a sinusoidal wave or (b) a square wave with the same peak value of voltage as shown in the diagram. For a pure resistive load, the ratio of the mean power for (a) compared with (b) is



A.
1/2.


B.
1/
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C.
2.


D.
1.

7.
The following diagrams show the currents of sinusoidal waveform and square waveform passing in turn through a resistor. The average power dissipated is the same in both cases.
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Given that the peak value of the sinusoidal current is 1 A. What is the value of Io of the square waveform current ?




A.
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1 A




C.
2 A


D.
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17.2
Single-Component Circuit

Pure Capacitor

8.
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A sinusoidal potential difference of fixed frequency and variable amplitude V is applied across a capacitor of capacitance C. Which of the graphs below best represents the variation of the amplitude Qo of the charge stored in the capacitor with V?


A.



B.



C.



D.
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9.
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A sinusoidal voltage V is applied across a capacitor C. Which of the following statements is/are correct ?


(1)
At time t1, the current in the circuit is at a maximum.


(2)
At time t2, the energy stored in the capacitor is at a maximum.


(3)
The voltage V in the circuit leads the current.


A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

10.
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In the above circuit, the a.c. source has a r.m.s. voltage of 3.0 V alternating at 30 Hz. What is the r.m.s. current ?



A.
63μA

B.
400μA

C.
48 mA

D.
400 mA

Pure Inductor

11.
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A dynamo is connected to an a.c. ammeter X and a large inductor L as shown. The ammeter reading is I. If the resistance of the circuit is negligible, and the number of turns of the dynamo’s coil is doubled, the ammeter reads



A.
I/2.




B.
I.




C.
2 I.



D.
4 I.
12.
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The circuit diagram shows an alternating potential difference connected across an inductor L, and the graph shows the variation of the source voltage V with time t. Which of the following is/are correct ?

(1)
The current through L and the p.d. across it are 90∘out of phase.

(2)
At time p, both the current through L and the p.d. across it are maximum.

(3)
At time q, the current through L is at its maximum value.


A.
(2) only

B.
(3) only


C.
(1) and (2) only


D.
(1) and (3) only

Impedance

13.
Which of the following physical quantities take(s) the unit ohm (Ω) ?


(1)
Inductance
(2)
Capacitance
(3)
impedance



A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

14.
The reactance of a capacitor depends on


(1)
the capacitance of the capacitor.


(2)
the frequency of the applied a.c. voltage.


(3)
the resistance of the capacitor.


A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

17.3
Two-Component Circuit

15.
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An a.c. power source of negligible impedance is connected in series with a reactive component and a resistor of resistance R. At the source frequency, the source voltage has r.m.s. value V, the component’s reactance is X and the circuit’s total impedance is Z. The power dissipated in the resistor is



A.
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C.
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RC Circuit

16.
A 30 V, 90 W lamp is run from a 90 V, 100 Hz mains supply using an inductor connected in series with the lamp and supply. What is the theoretical value of the inductor required to operate the lamp at its normal rating ?



A.
28 mH

B.
35 mH



C.
45 mH

D.
56 mH
17.
A resistor R and a capacitor C are connected in series with an a.c. supply. The r.m.s. applied voltage and the r.m.s. current are V and I, respectively. If the resistance of R is one fifth of the total impedance of the circuit, the power consumed in the circuit will be



A.
IV/26.

B.
IV/25.




C.
IV/
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D.
IV/5.
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In the above circuit, a signal generator of fixed output voltage is connected in series with a resistor R and inductor L. When the frequency of the signal generator is gradually increased, which of the following is the correct variation of the ammeter and the voltmeter readings ?

Ammeter reading
 Voltmeter reading

A.
increases throughout increases throughout
B.
increases throughout decreases throughout
C.
increases and then 
 decreases and then 
Decreases

 increases
D.
increases and then
 decreases throughout
decreases
19.
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An inductor L and a resistor R are connected in series to an a.c. source of constant output voltage. Which of the following statements is/are correct ?

(1)
The applied voltage leads the current.

(2)
The power factor of the circuit decreases when the frequency decreases.

(3)
The impedance of the circuit decreases when the frequency increases.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

20.
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In the circuit shown, the voltages, across the resistor and the inductor are respectively fed to the input terminals Y1 and Y2 of a dual trace CRO where E is the common earth terminal. Which of the following pairs of traces could be obtained ? (The trace of Y1 is represented by a solid curve and the trace of Y2 is represented by a dotted one.)



A.


 B.
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C.


 D.
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21.
A black box, known to contain an electrical device, is connected in series with a resistor R. The following circuit is set up:
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The pattern observed on the double beam C.R.O. is shown below:
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The electrical device inside the box is



A.
an inductor.

B.
a capacitor.



C.
a resistor.


D.
a transistor.

LR Circuit

22.
An inductor L , a resistor R and a switch S are connected in series across a source of alternating e.m.f. E. Initially the switch is closed, as shown in the figure below:
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The switch S is now opened, and at the instant it is opened, a spark passes across it. This is because

A.
the rate of change of the current through the circuit is very large when the switch is opened.



B.
the self-inductance of the circuit generates an e.m.f. equal to zero.

C.
the self-inductance of the circuit generates an e.m.f. which is proportional to the current flowing in the circuit.



D.
the breakdown potential of the air is less than E.

23.



[image: image46.wmf]V

R

X


In the circuit above, V is an a.c. source, X is a parallel plate capacitor and R is a heating coil used to boil some liquid in a vessel. Which of the following adjustments would decrease the time required to boil the liquid?

(1)
The frequency of the a.c. supply is increased.

(2)
A suitable inductor is added in series with the circuit.

(3)
Shortened the separation between the plates inside the capacitor.


A.
(1) only



B.
(3) only


C.
(2) and (3) only


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

24.
An alternating current I = I0 sinωt flows in a coil of inductance L and resistance R. The input voltage is equaled to



A.
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C.
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An ideal capacitor of reactance 2 Ω and an ideal resistor of resistance 5 Ω are joined in series across the terminals of a 10 V r.m.s. a.c. source as shown. The power dissipated in the circuit is



A.
13 W.

B.
14 W.




C.
17 W.

D.
20 W.

26.
In an a.c. circuit, two components, one of resistance 20 Ω and the other of inductive reactance 10 Ω, are connected in series to the source. The r.m.s. current is 3 A. What is the average power dissipated as heat in the circuit ?




A.
30 W

B.
90 W




C.
180 W

D.
201 W

27.
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   Figure (a)

  Figure (b)
In Figure (a), an alternating voltage V is applied across an ideal capacitor C and a resistor R connected in series. VC represents the instantaneous voltage across the capacitor, and VR represents the voltage across the resistor. In the phasor diagram in figure (b), the phasor representing VR points in the direction (1). In which of the directions shown in Figure (b) will the phasors representing VC and V point?





VL

V


A.
(1)

(2)




B.
(2)

(3)




C.
(3)

(4)




D.
(5)

(6)

28.
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The above figure shows an a.c. circuit in which a variable resistor R is connected in series with a parallel plate capacitor C of negligible resistance. The a.c. supply has constant r.m.s. voltage and its frequency can be varied. Which of the following methods, on its own, can increase the r.m.s. voltage across the variable resistor R ?

(1)
Increasing the gap between the plates in the capacitor C.

(2)
Increasing the frequency of the a.c. supply.

(3)
Decreasing the resistance of R.



A.
(1) only

B.
(2) only



C.
(1) and (2) only



D.
(2) and (3) only

LC oscillator

29.
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A coil and a capacitor are joined in series to a signal generator as shown in the diagram. As the frequency f of the signal generator is increased, a graph of the total impedance Z of the circuit is plotted against f. If the inductance of the coil is 2 mH, what is the capacitance of C ?



A.
1.6μF



B.
3.2μF



C.
16μF



D.
5 F

30.
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A capacitor C and an inductor L with no resistance are connected to a battery as shown in the figure. When switch S is moved from A to B, what is the trace observed on the screen of the CRO with the time base on ?


A.


   B.
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   D.
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The figure shows an LC oscillatory circuit in which C is a capacitor and L is an air-cored inductor. At a certain instant the magnetic flux inside L is pointing upward as shown. Which of the following descriptions of the capacitor is/are possible at this instant ?

(1)
The capacitor is charging with the upper plate positively charged.

(2)
The capacitor is charging with the lower plate positively charged.

(3)
The capacitor is discharging with the upper plate positively charged.

(4)
The capacitor is discharging with the lower plate positively charged.



A.
(1) or (3) only



B.
(1) or (4) only



C.
(2) or (3) only



D.
(2) or (4) only

Tuning Circuit

32.
A variable inductor can be used


(1)
to change the power factor of an a.c. circuit.


(2)
as the volume control of an amplifier.


(3)
to tune a radio to receive a certain channel.



A.
(2) only

B.
(3) only

C.
(1) and (3) only
D.
(2) and (3) only

17.4
LRC Series Circuit

Phase relation

33.
An alternating voltage V is applied to an LCR series circuit, where the inductive reactance X​L, the capacitive reactance XC and the resistance R satisfy the relation





XL = 4 XC = 4
[image: image62.wmf]3
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What is the phase difference between V and the potential difference VL across the inductor?




A.
π/6


B.
π/3




C.
2π/3

D.
5π/6

34.
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In an LCR-series circuit carrying a sinusoidal alternating current, the voltages across the inductor and the capacitor are 5.0 V r.m.s. and 3.0 V r.m.s. respectively. If the applied voltage is 10.5 V r.m.s. then the r.m.s. voltage across the resistor will be



A.
2.5 V.

B.
6.8 V.




C.
8.7 V.

D.
10.3 V.

35.



[image: image64.wmf]R

C

L

~



The root-mean-square voltages across the resistor R, capacitor C and inductor L of an RCL series circuit are respectively 4 V, 2 V and 3 V. What is the phase difference between the applied voltage and the voltage across the capacitor ?




A.
14∘


B.
34∘



C.
76∘


D.
104∘
36.
In an LCR series circuit, the total impedance across the three components is the same at both frequencies 4 Hz and 64 Hz. What is the resonant frequency of the circuit ?



A.
3 Hz


B.
6 Hz




C.
17 Hz

D.
34 Hz

37.
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The above figure shows an a.c. circuit with a filament lamp B connected in series with a variable inductor L and a capacitor C. The frequency of the a.c. supply can be varied. Initially the applied voltage leads the current in the circuit.. Which of the following methods will make the filament lamp B brighter ?

(1)
Decrease the inductance of L
(2)
Increase the capacitance of C
(3)
Increase the frequency of the a.c. supply

A.
(1) only


B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

38.
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In the LCR series circuit shown above, the frequency of the a.c. source is varied while its r.m.s. output voltage Vr.m.s. is kept constant. The voltmeters connected across R, C and L give r.m.s. readings VR, VC and VL respectively. Which of the following statements is/are correct ?


(1)
At any instant, Vr.m.s. = VR + VL.


(2)
At resonance VL = VC.

(3)
At any instant, the current through R, C and L is the same.



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

Varying Frequency in LRC Circuits (Natural Frequency)

39.
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A series circuit consisting of a pure inductor L, a pure capacitor C and a pure resistor R is connected across an a.c. supply. The variations with applied frequency f of the resistance R, the reactance XC of the capacitor, the reactance XL of the inductor and the impedance Z of the circuit are represented in the diagram. Which of the following sequences places the curves in an order so that they represent the magnitudes of R, XC, XL and Z ?



A.
αδβγ

B.
βδαγ


C.
βαγδ

D.
γδβα
40.
The resonant frequency of a series LCR circuit is f​0. When an alternating signal V of frequency f is applied to this circuit, a current I flows in it. Which of the following is/are correct?


(1)
There is a π/2 phase difference between I and V when f = f0.


(2)
V lags I when f is very much greater than f0.


(3)
I leads V when f is very much less than f0.


A.
(1) only


B.
(3) only


C.
(1) and (2) only
D.
(2) and (3) only

41.
A capacitor (of negligible resistance) and a solenoid (whose resistance is not negligible) are connected in series with an a.c. supply. The resonant frequency of the circuit can be decreased by


(1)
replacing the solenoid with one of greater inductance, but the same resistance.

(2)
replacing the capacitor with one of lower capacitance.

(3)
adding a capacitor in series with the original capacitor.


A.
(1) only


B.
(3) only


C.
(1) and (2) only
D.
(2) and (3) only

Key :
1 – 10 : DABAC, ABACB,
11 – 20 : CDBCB, CDAAA,
21 – 30 : AADBC, BDBBB,




31 – 40 : CCADD, CADCB,
41 : A.
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