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AC Circuits (continued) thanawiya-archive.com

I Multiple choice questions — 130 questions

’ In the opposite circuit, the AC source has a constant effective voltage and its frequency can be

changed. The effective value of the current in the circuit increases when vveveveess

R

TV —

—(n)

@ the source frequency is increased the source frequency is decreased
@ the resistance R is increased @ an iron core is put inside the coil

6 In the opposite circuit, when the iron rod gets inside the coil, the voltmeter reading «vevsesses

Soft iron rod

o T

%
\NJ—-

@ decreases increases

@ increases then decreases @ stays constant

e An AC circuit consists of an inductor, an ohmic resistor and an AC source, all connected in
series. Which of the following graphs represents the relation between the impedance (Z) of the

circuit and the frequency (f) of its current?

z z Z Z

f
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0 In the circuit shown in the figure, if the AC source is replaced by a DC source whose voltage
equals the effective voltage of the AC source, the ratio of the effective current in the circuit in

the first case to the current in the circuit in the second case iS seesssssss

L

wwie— TV —

@

@ zero less than one @ equal to one @ greater than one

° In the opposite circuit, the total impedance Z equals «vevsvsess
X, =8Q

R=60
—wem— JITTTT000

W2Q () 48 Q (©14Q () 10 Q

6 An inductor has an ohmic resistance of 12 €. When a current of frequency f passes through it,
its inductive reactance is 18 Q, so:

(1) its total impedance in this case is vvvveeeee

(a)20.1 Q () 16.3 Q (©21.6 Q () 36.2 Q

0 An inductor has an ohmic resistance of 12 . When a current of frequency f passes through it,

its inductive reactance is 18 Q, so:

(2) its total impedance when the frequency increases to 2 fis veveereee

(a) 37.95Q (3)22Q (©36Q () 19.99 Q

6 A circuit contains an AC source and a coil whose inductive reactance is twice its ohmic

resistance. The phase angle between the total voltage and the current is vevseesees

() 26.56° 60° (©) 30.7° (D) 63.4°
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6 In the circuit shown in the figure, when a current of frequency f passes, (X;, = R) and the
impedance of the circuit is Z1. If the frequency increases to 2 f, the impedance of the circuit

22 becomes drrrrrrvae

AW VW— U |

) z,/2 27, (© 1.6 7, @) 2.5 7,

@ An inductor has an ohmic resistance R and an inductive reactance V(3) R when connected to
an AC source of frequency f. The phase angle between the voltage across the coil and its

current equals veesevaens

) m)/3 (m)/2 © (/4 () (m)/6

Q In the electric circuit shown in the opposite figure, if switch K is closed, the phase angle

between the total voltage and the current in the circuit «vevaeases

K
Ca R

WA ——————

R

VT VETVY YT —

)(L==]{
AT
DLLLDIL

@ decreases by 45° increases by 63.4°
@ increases by 45° @ increases by 18.4°

Q An inductor of self-inductance L and ohmic resistance 10 Q is connected to an AC source of
voltage 6.5 V and frequency 30/(mt) Hz. If the power consumed in the circuit is 5/8 W, the

Self"lnductance (L) Of the COll equaIS Yerrreree

AW 1.1 H (®) 0.3 H (©o0.4H (®) 0.6 H
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@ An inductor of ohmic resistance 2 Q is connected to an AC source of effective voltage 6 V.

The inductive reactance of the coil is 1 £, so the power consumed in the circuit equals

XXX R R R RN

A sw (®B) 12w (© 144 W () 18 W

@ An electric lamp of ohmic resistance 44  is connected in series with an inductor of negligible
ohmic resistance and an AC source of frequency 42 Hz and effective emf 220 V. An effective

current of 4 A passes through the lamp, so the self-inductance of the coil equals veerevaens

(A)0.163 H (8) 0.125 H (©o0.14H (®) 0.1 H

@ The opposite figure shows an AC circuit. When the potential difference across the coil equals

the potential difference across the ohmic resistor, the source frequency equals «vaevseaes

1
80 Som
—AMWAWA— D ﬂ rj ) ﬂ F: D T“—
R, =0
g
A

(A) 50 Hz 100 Hz (©) 200 Hz (D) 400 Hz

@ An inductor of self-inductance 0.01 H and ohmic resistance 1 & is connected to an AC source

of voltage 200 V and frequency 50 Hz. The maximum value of the current +.vseaeess
@ lags behind the maximum value of the total voltage by 0.004 s

leads the maximum value of the total voltage by 0.003 s

@ lags behind the maximum value of the total voltage by 0.002 s

@ leads the maximum value of the total voltage by 0.001 s
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G An AC generator (dynamo) of negligible internal resistance is connected in series with an
ohmic resistor (R) and an inductor (L) of negligible ohmic resistance. When the dynamo
frequency is 50 Hz, the maximum value of the total voltage leads the maximum value of the

current by a time of 2.5 X 1073 s. If the dynamo frequency increases to 100 Hz, the

maximum value of the total voltage veeveveess

@ leads the maximum value of the current by 1.76 X 1073 s

leads the maximum value of the current by 3.52 X 1073 s

@ lags behind the maximum value of the current by 1.76 X 1073 s
@ lags behind the maximum value of the current by 3.52 X 1073 s

@ In the circuit shown, if the reading of V; is 10 V, the reading of V is seseeseses

()

% UV
W AV
R
()
V =20V

@ 10v3) v 10V ©15v @ 10v@) v

@ An AC generator (dynamo) is connected to an ohmic resistor (R) and an inductor (L) of
negligible ohmic resistance as shown in the opposite circuit. If the readings of the two
voltmeters (V1) and (V3) are equal, which of the following relations is correct for the two

readings after the rotation frequency of the dynamo coil is doubled?
RL =0

CTOTOTTO0T s
(V) (V)

X Z
(r))
7
Dynamo
@ V1 = V2 V1 > VZ
@ Vi<V, @ The answer cannot be determined
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@ In the opposite figure, the total impedance of the circuit equals vevevaevss

_ 1
L“440H

@17 (®)13Q (©12:2Q ) 7Q

@ An inductor has a self-inductance of 7/44 H and an inductive reactance of 50 Q. If its ohmic

resistance is 30 2, then:

(1) the frequency of the current in the coil equals «eeervvves

(A) 100 Hz (8) 75 Hz (©) 50 Hz (D) 25 Hz

@ An inductor has a self-inductance of 7/44 H and an inductive reactance of 50 Q. If its ohmic

resistance is 30 Q, then:

(2) the impedance of the coil equals vvvvvrvees

(a) 80 Q () 58.31 Q (©50Q () 18.75 Q

@ The operating coil of a circuit regulator has an inductive reactance of 40  and an ohmic
resistance of 30 2, and it is connected to an AC source of voltage 5 V, so:

(1) the total impedance of the coil is vvveveeee

a) 70 Q () 60 Q (©50Q (®) 10 Q

@ The operating coil of a circuit regulator has an inductive reactance of 40 Q and an ohmic

resistance of 30 Q, and it is connected to an AC source of voltage 5 V, so:

(2) the current through the coil is veveeeeen

(A) 0.07 A (8) 0.09 A (©o0.1A () 0.2 A

@ The operating coil of a circuit regulator has an inductive reactance of 40 £ and an ohmic

resistance of 30 Q, and it is connected to an AC source of voltage 5 V, so:

(3) the phase angle between the total voltage and the current equals vevevvvves

() 36.87° 51.34° (©) 53.13° (D) 59.03°
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@ An electric lamp of resistance R is connected in different circuits with sources of negligible

internal resistance. In which of the following circuits is the lamp brightest?

2L L
CLLIT ﬂ'ﬁ'!ﬁ-‘—@—' i
2R F l
]
: .

TR
R
D) &
V=2V Vg=V

®

<

tof<t
9.'{

n

<

®
Q)

e An AC source of emf 100 V and frequency 50 Hz works in a circuit containing an ohmic
resistor of 30 Q and an inductor of no resistance with a self-inductance of 7/35 H, connected

in series, So:

(1) the current equals veeerrrnes

(A) 1.44 A () 1.37 A (© 1.07 A () 0.5 A

@ An AC source of emf 100 V and frequency 50 Hz works in a circuit containing an ohmic
resistor of 30 & and an inductor of no resistance with a self-inductance of 7/35 H, connected

in series, SO:

(2) the phase angle between the total voltage and the current equals +vvevvvves

() 72.1° 64.49° (©) 59.2° () 51.42°

@ An AC source of emf 100 V and frequency 50 Hz works in a circuit containing an ohmic
resistor of 30 & and an inductor of no resistance with a self-inductance of 7/35 H, connected

in series, So:
(3) the potential differences across the resistor and across the coil are, respectively, vsvvvveee

(A)50V,50V 20V, 80V (©43.2V,56.8V (D) 43.2V,90.52V

@ An ohmic resistor of 15 Q is connected in series with an inductor of no ohmic resistance and
an AC source of emf 60 V and negligible internal resistance. If the potential difference across

the resistor is 45 V, then:

(1) the inductive reactance of the coil equals veverraees

(&) 11.25Q (3) 13.23 Q ©15Q () 30 Q
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@ An ohmic resistor of 15 Q is connected in series with an inductor of no ohmic resistance and
an AC source of emf 60 V and negligible internal resistance. If the potential difference across
the resistor is 45 V, then:

(2) the potential difference across the coil equals vveeeeeee.

@1s5v (8) 24.28 V (©)39.69V () 413V

@ An AC circuit consists of an ohmic resistance X and an inductor of inductive reactance X

connected in series. The phase angle between the total voltage and the current equals vvsssseses

(@) 30° 45° © o (@) 90°

@ Two identical coils, each of self-inductance L and ohmic resistance R, are connected together
with an AC source of voltage V, a switch K and an ohmic resistor R as in the opposite figure.
When switch K is closed, the effective current and the phase angle between the total voltage

and the current, respectively, seveesvses

L,R K
TR AN W
. GUUUUUUNY T iz
§ -I_'I.-.-_.-;..I-I-_.-.-_—..- i T FiL [ §
Tt 1 | i |-I (] R
L,R
L
@ increases, increases increases, decreases
@ decreases, increases @ decreases, decreases

@ An electric circuit consists of an AC source and an inductor of ohmic resistance R. The figure
that represents the phase difference between the vectors of the potential difference (V) across

the coil and the current (I) through it is «veveveves

I v

i’
i) \' L] b v L___..I
®

® ©
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@ Two identical inductors (x) and (y) are connected in an electric circuit as in figure (1). Figure
(2) represents the phase difference between the vectors of the total voltage (V) and the current
(I) in this circuit. Which of the following figures represents the phase difference between the

total voltage (V) and the current (I) after switch (K) is opened?

v Coil (x) Coil (y)
B L —]“]
K
‘ E_._.....,—t_
45° 1 !—_. )
Figure (2) Figure (1)

——
~
<

@ An inductor of no resistance is connected in series with an AC source of emf 260 V and a hot-
wire ammeter. The ammeter reads 2 A. If the ratio of the potential difference across the

ammeter to the potential difference across the coil is 5/12, then:

(1) the ratio of the ammeter resistance to the inductive reactance of the coil iS sveeeserees

(a) 5/12 12/5 (©1/2 (@) 2/1

e An inductor of no resistance is connected in series with an AC source of emf 260 V and a hot-
wire ammeter. The ammeter reads 2 A. If the ratio of the potential difference across the
ammeter to the potential difference across the coil is 5/12, then:

(2) the impedance of the circuit equals veveerrees

(A) 138 Q () 130 Q ©10Q ()24 Q

@ An inductor of no resistance is connected in series with an AC source of emf 260 V and a hot-
wire ammeter. The ammeter reads 2 A. If the ratio of the potential difference across the
ammeter to the potential difference across the coil is 5/12, then:

(3) the resistance of the hot-wire ammeter equals +evvvvvves

(a) 130 Q (3) 120 Q (©) 100 () 50 Q
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@ An inductor of no resistance is connected in series with an AC source of emf 260 V and a hot-
wire ammeter. The ammeter reads 2 A. If the ratio of the potential difference across the
ammeter to the potential difference across the coil is 5/12, then:

(4) the inductive reactance of the coil equals veveereees

(A) 130 Q (3) 120 Q (©) 100 Q () 50 Q

@ In the opposite circuit, the current in the circuit is 1 A and the potential difference between
points a and b is 80 V. After switch (K1) is opened and switch (K3) is closed, the potential

difference between a and b stays 80 V. The ohmic resistance (R) equals vvevevevns

(a) 40 ()50 Q (© 60 Q () 80 Q

@ When a coil is connected to a DC source of emf 11 V, the current in it is 2.2 A. When the coil
is connected to an AC source of frequency 50 Hz and emf 13 V, the current in the coil is 1 A.

The self-inductance of the coil iS vevssssses

(A)0.01 H 0.025 H (©0.03H (©) 0.038 H

@ An inductor of self-inductance 7/275 H and ohmic resistance 6 & is connected to a source of
emf 6 V and negligible internal resistance. The current in the coil, if the source voltage is:

(1) alternating with frequency 50 Hz, equals veevvveees

(Ao.2A (8) 0.42 A (©o0.6A @ 1A

@ An inductor of self-inductance 7/275 H and ohmic resistance 6 Q is connected to a source of
emf 6 V and negligible internal resistance. The current in the coil, if the source voltage is:

(2) direct, equals vevvvvvees

Ao (8) 0.42 A (© 0.6 A 1A
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@ An inductor of self-inductance 0.1 H is connected to a DC source of emf 100 V as in circuit
(1), and the electric power consumed in the coil is 100 W. It is connected a second time to an
AC source of effective voltage 100 V and frequency 60 Hz as in circuit (2). Neglecting the

internal resistance of the two sources, the electric power consumed in the coil viesvavaes

"KERAREREED

veff= 100V VB= 100V
f=60Hz I'=:0
Circuit (2) Circuit (1)
@ stays 100 W becomes 187.5 W
@ becomes 87.5 W @ becomes 12.5 W

@ An inductor of self-inductance 2 H is connected in series with a resistance of 1950 Q and an
AC source of frequency 500/ (5t) Hz. The phase angle between the current and the total

voltage is 45°, so the ohmic resistance of the coil equals veeseveess

(&) 500 Q (3) 250 Q (© 150 Q () 50 Q

e In the opposite circuit, an AC source of voltage 200 V is connected to a lamp of resistance 100
(2 and an inductor of inductive reactance 60 £, and a current of 2 A passes in the circuit. The

electric power consumed in the lamp after switch (K) is opened is approximately vesesessss

@ 11w (B) 222 W (© 333w (D) 444 W
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@ An AC circuit consists of an AC source of angular frequency (W), an ohmic resistor (R) and an
inductor of negligible ohmic resistance whose self-inductance can be changed. The opposite
graph represents the relation between the square of the circuit impedance (Z2) and the square

of the self-inductance of the coil (L2), SO vverreeres
3,2
7’ %10°(Q%)
E
20 r

15

10

{ 2 v v2
01 02 03 DD,

@ ohmic resistance (R): 10% Q, angular frequency of the source (®): 29.05 rad/s

ohmic resistance (R): 10% Q, angular frequency of the source (W): 182.6 rad/s

@ ohmic resistance (R): 10* Q, angular frequency of the source (w): 29.05 rad/s

@ ohmic resistance (R): 10* Q, angular frequency of the source (W): 182.6 rad/s

/N N N TN

):
):
):
):
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@ An AC circuit contains an AC source and two pure elements x and y connected in series. The
opposite graph shows how each of the voltages (Vy) and ( Vy) in volts and the current (I) in
amperes change with time, so:

(1) the elements x and y are, respectively, vveeerrae

V(V),1(A)

1
"NV

y

t
8 3
1
@ an ohmic resistor, an inductor an inductor, an ohmic resistor
@ an ohmic resistor, a capacitor @ a capacitor, an inductor
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@ An AC circuit contains an AC source and two pure elements x and y connected in series. The
opposite graph shows how each of the voltages (Vy) and ( Vy) in volts and the current (I) in
amperes change with time, so:

(2) the phase angle between the total voltage and the current equals +vvvvvvves

V(V),1(A)

8.
| a‘;y

(a) 26.56° 33.69° (©) 36.86° () 53.13°
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@ An AC circuit contains an AC source and two pure elements x and y connected in series. The

opposite graph shows how each of the voltages (Vy) and ( Vy) in volts and the current (I) in

amperes change with time, so:

(3) the emf of the source equals «eeeeerans

V(V),I(A)
.

o (e I = (=)}

@ev () 7.07V ©s8v () 14V
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@ An AC circuit contains an AC source and two pure elements x and y connected in series. The
opposite graph shows how each of the voltages (Vy) and ( Vy) in volts and the current (I) in
amperes change with time, so:

(4) the impedance of the circuit equals veeeeraees

V(V),1(A)

8.
|‘3\fy

AW1Q (®)2Q (©25Q (0)3.5Q

@ The opposite figure shows an AC circuit containing a capacitor C and an ohmic resistor R.

Which of the following choices is correct?

I

@ The potential difference V; and the current I are in phase
The potential difference V; leads the potential difference V;, in phase

@ The potential difference V| and the current I are in phase
@ The potential differences Vi, V, and the current I are all in phase
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@ The impedance of an AC circuit containing a capacitor and an ohmic resistor is vsesevesss
@ equal to the difference between the capacitive reactance and the resistance
zero
@ equal to the algebraic sum of the capacitive reactance and the resistance

@ less than the algebraic sum of the capacitive reactance and the resistance

@ The current in an AC circuit with a variable capacitor and a rheostat connected in series

increases when vevseveess

@ the capacitance is increased

the capacitance is decreased

@ the rheostat resistance is increased

@ the frequency of the AC source is decreased

@ A capacitor C and an ohmic resistor R are connected in series to an AC generator (dynamo),
and the capacitive reactance equals the resistance R. If the rotation frequency of the dynamo
coil decreases, the relation between the potential difference across the capacitor and the

potential difference across the resistor becomes vvavveees

™ Vr > Ve ®) Ve > Vg ©QVr=Vc=0 @VW=Vc=0

@ An AC source of frequency 50/(5t) Hz is connected in a circuit containing an ohmic resistor
of 1 kQ and another component. The phase difference between the total voltage and the

current in the circuit is (7t)/4, so the other component in the circuit is voeevesess
@ a capacitor of capacitance 10 UF a capacitor of capacitance 1 UF

@ an inductor of self-inductance 5 H @ an inductor of self-inductance 1 H
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@ In the opposite circuit, the capacitive reactance equals the ohmic resistance (R), and the
instantaneous potential difference across the source is given by V = 20 sin w t. The

instantaneous current in the circuit is given by vivevacans

R e=R

AR | |
.'u":u.. Nk | |
foh
&
(A)1 = 20/Rsin (wt + (1)/4) I = (10V2))/Rsin (o t + (1)/6)
(©1 = (10V(2))/R sin (0 t - (1)/4) () I = (10V(2))/R sin (w t + (1)/4)

@ In the circuit shown in the figure, when the capacitance is C; the phase angle between the
current and the total voltage is 30°. If the capacitance is changed to C, the phase angle

becomes 60°, SO vvvrrrrnes

f=50Hz
®c, =cC/3 C,=@2cp/3 (©c,=@cp/5s ©C,=(3C)/5

@ In the AC circuit shown, if the potential difference across the capacitor C is 3 V, the potential

difference across the resistor R equals vsvsvsvaes
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@ In the circuit shown, if the effective current in the circuit is 2 A, R equals vsevevaess

R C
p=AMMANAAM f"a‘:“:’f'“’“' i '="’=|——
i |

«12 V!

e (O —

V=20V
@ 4Q ()6 Q ©38Q @ 12Q

@ The opposite figure shows an AC circuit. When the potential difference across the capacitor

equals the potential difference across the ohmic resistor, the source frequency equals «vaeveeaes
100
so T

e B L LT ¥ T —— e
ARE L L LS I {'—“—' =

. L@__

(a) 50 Hz 60 Hz (©) 100 Hz (D) 500 Hz

@ A capacitor of capacitance 7/22 UF is connected to a non-inductive ohmic resistor of 1000 £2.
If an alternating current of frequency 500 Hz passes through them, then:

(1) the total impedance is vevevvvves

(a) 1414.2 Q 2000 Q (©318.2Q (D)5 x 104 Q

@ A capacitor of capacitance 7/22 UF is connected to a non-inductive ohmic resistor of 1000 .
If an alternating current of frequency 500 Hz passes through them, then:

(2) the total voltage lags behind the current by a phase angle of vvvvvvsee.

() 50° 45° (©) 90 (D) 63.75°
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@ In the opposite circuit, if the capacitive reactance X is three times the ohmic resistance R, the

impedance Z equals sesesseres

X R
—1 l—-mwwww—

©

AW V@R (B)R ©Vao) R (®) 4R

@ In the circuit shown, when a current of frequency f passes, (Xc = R). If the frequency

increases to 2 f, the impedance +vivevenes
C

] s

©

@ doubles is halved @ becomes 1.1 R @ becomes 0.5 R

@ The opposite figure shows the vectors of the current (I) and the total voltage (V) of an AC
circuit containing two pure elements X and Y connected in series with an AC source. The

elements X and Y could be vvvvvvsees

0 :
@ an ohmic resistor and a capacitor an ohmic resistor and a coil
@ a coil and a capacitor @ an ohmic resistor and an ohmic resistor
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@ An inductor of negligible ohmic resistance is connected with an unknown element (y) and an
AC source as in the figure. It is found that the total potential difference = the potential

difference across the coil + the potential difference across y. So the element (y) iS vesesesess

Element (y) Coil

—— - TITEI0

©

@ an ohmic resistor

an inductor of negligible ohmic resistance

@ a capacitor

@ an inductor with ohmic resistance

@ The opposite figure represents the vectors of the total voltage (V) and the current (I) in a series

AC circuit made of an AC source and two pure elements (a, b). The elements (a, b) are «veveveess

T A R

. ERsed bed
R
ry ¥ R P B PR | .
rily | TR =+ 1
i 25e: EELS 1O
; R pRERa
E ey fiiti]
@ an ohmic resistor and an inductor an ohmic resistor and a capacitor
@ two ohmic resistors @ an inductor and a capacitor
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@ An AC source, a hot-wire ammeter and an ohmic resistor are connected once with an inductor
of negligible ohmic resistance as in circuit (1), and once with a capacitor as in circuit (2). If

the hot-wire ammeter reading is the same in both circuits, which of the following statements is

NOT correct?

1% 1.0, 00T R PP
~——[ |-—-—-wﬁfwmm 001 EUUI AN

O—— -O—®
(2) (L)

@ The inductive reactance of the coil = the capacitive reactance of the capacitor
The voltage across the coil = the voltage across the capacitor
@ The current lags behind the total voltage by an angle 0 in both circuits

@ The impedances of the two circuits are equal

@ An AC source of frequency 50 Hz is connected with an inductor of self-inductance 1/(s;t) H
and negligible ohmic resistance, a capacitor of capacitance 100/(st) UF and a lamp, as in the
opposite circuit. What happens to the brightness of the lamp after switch (K1) is opened and
switch (K3) is closed?

K, @
—TIIa0n

1113==()
(A )
&
f=50Hz
@ It increases It decreases but does not become zero
@ It does not change @ It becomes zero
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6 A resistance of 300 Q is connected in series with a capacitor of reactance 265 & and an AC
source of frequency 100 Hz. If the potential difference across the capacitor = 5 V, then:

(1) the capacitance equals «eevvveee

(A) 0.42 uF 0.9 UF (© 3 uF (D) 6 UF

e A resistance of 300 Q is connected in series with a capacitor of reactance 265 2 and an AC
source of frequency 100 Hz. If the potential difference across the capacitor = 5 V, then:

(2) the current in the circuit is approximately vvoeeeree.

(A) 0.008 A (8) 0.017 A (©) 0.019 A (©) 0.01 A

e A resistance of 300 Q is connected in series with a capacitor of reactance 265 Q and an AC
source of frequency 100 Hz. If the potential difference across the capacitor = 5 V, then:

(3) the potential difference across the resistor equals vvevveess

) 47V ®B)5Vv © 5.7V D6V

@ An AC source of emf 200 volts and frequency 50 hertz is connected in series with a capacitor
of capacitance 100/(3m) microfarad and a lamp marked (25 watt, 100 volt). The current
through the lamp filament is vveeaevaes

@ 0.15 A, so it does not light 0.2 A, so it lights
@ 0.4 A, so it melts @ 0.45 A, so it melts

@ In the circuit shown, the phase angle between the current and the total voltage is 45°. The
phase angle between them when:

(1) the capacitor is connected in series with another capacitor of capacitance C becomes

XXX RN

R C

e

@)

V,f
() 26.57° (B) -63.4° (©) 63.4° ~26.57°
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@ In the circuit shown, the phase angle between the current and the total voltage is 45°. The
phase angle between them when:

(2) the resistor is connected in series with another resistor R becomes vvvvsssses

R C

T T —

9,
v, f

(a) 26.57° ~63.4° (©) -26.57° (D) 63.4°

e In the circuit shown, if the effective current in the circuit is 0.02 A, the resistance R is vereeeeses

- 2 UF
9
V=200V
f=50Hz
(A) 11590.91 10000 Q (©) 9872.64 Q (D) 8409.81 Q

@ In the circuit shown, the capacitance at which:
(1) the effective current is 0.25 A iS sversseees

R=1000Q
— —

(A) 1.53 uF 2.65 UF (©) 3.42 uF (D) 4.59 UF
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@ In the circuit shown, the capacitance at which:
(2) the phase angle between the current and the total voltage is (-45°) equals vvvevvvue

R=1000Q
—

()
&

V=500V
f=60Hz

(A) 5.3 uF 4.33 UF (©) 2.65 yF (D) 1.42 UF

@ In the circuit shown, the total ohmic resistance is 500 & and the hot-wire ammeter reads 0.2

A when switch K is open. Its reading when switch K is closed is +vsevseses

. HF

—L

Hot-wire ammeter V=200V

() 0.4 A 0.3 A (©0.27A () 0.2 A

@ In the following circuits, all the sources are identical, each capacitor has capacitance (C) and

each lamp has resistance (R). In which of these circuits is the lamp brightest?

@S QS
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@ An AC circuit contains an inductor L of no resistance and a capacitor C connected in series.
The potential difference V[ «veerevaes
@ leads V¢ in phase by 90° lags behind V( in phase by 90°
@ is in phase with V¢ @ leads V( in phase by 180°

@ An LC AC circuit consists of a source whose frequency can be changed, a capacitor and an
inductor of negligible ohmic resistance connected in series. When the source frequency is (f),
the capacitive reactance (X¢) is 500 Q and the inductive reactance (Xp) is 100 Q. The change

in the phase angle between the total voltage and the current after:

(1) the source frequency is increased to (2 f) equals vevvvvvees

() o 45° (© 90 () 180°

@ An LC AC circuit consists of a source whose frequency can be changed, a capacitor and an
inductor of negligible ohmic resistance connected in series. When the source frequency is (f),
the capacitive reactance (X¢) is 500 Q and the inductive reactance (Xp) is 100 Q. The change

in the phase angle between the total voltage and the current after:

(2) the source frequency is increased to (5 f) equals vevvvvvees

() o 45° (© 90° (D) 180°

@ In a series AC circuit, it is found that the current at some instant is zero when the potential

difference across the source is maximum. The AC source could be connected with vevevesses

@ an inductor of no ohmic resistance

a capacitor

@ an inductor of no resistance and a capacitor

@ all of the above
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@ The current in the opposite circuit equals cveesseses
XL=10 Q XC=20 62

R, =0

_{r
'y
30V

@1a (®) 3/(V(5) A ©2aA @) 3A

@ In the circuit shown, if V| = V, then V; equals «vevrenees

O—O
- |

R; =0

(o)
)
v

®v ®2v O©Ov@ v ®)3V

tE® In the circuit shown, an AC source is connected in series with a variable capacitor of capacitive
reactance (X¢); and an inductor of no ohmic resistance with inductive reactance Xj, where
X1, > (X¢)1, and the effective current is I. If the capacitance is reduced to a quarter, (X¢);
becomes greater than X|, and the effective current doubles. The ratio X1 /((Xc)1) iS srereevens

— T}

P i, N
9

(1) 1/3 2/3 (© 3/1 ®) 3/5
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@ An AC source of frequency f is connected in series with a capacitor and an inductor of no
ohmic resistance. The capacitive reactance is twice the inductive reactance. If the source

frequency is doubled, the capacitive reactance becomes +s+svsvses the inductive reactance.

@ twice equal to @ half @ four times

@ When the source in the circuit shown is replaced by another source of the same voltage and a

higher frequency, which of the following choices is correct?

——&)
—&—
®_

@ Reading of hot-wire ammeter A;: increases, reading of hot-wire ammeter A,: decreases

Reading of hot-wire ammeter Aq: decreases, reading of hot-wire ammeter A,: increases
@ Reading of hot-wire ammeter Aq: decreases, reading of hot-wire ammeter A,: decreases

@ Reading of hot-wire ammeter Aq: increases, reading of hot-wire ammeter A,: increases

e In which of the elements shown in the opposite circuit is electrical energy converted into heat

energy?
R .’v“.f'ﬁ—:f.“{.-:f—r-—:-“. c
MAWAAA— ,". “ ;- ! :_fl | U I,: i.: L, ___l h
IQ[,==U

(1)

4/
@ The ohmic resistor (R) The inductor (L)
@ The capacitor (C) @ All three elements
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@ The opposite figure shows a phasor diagram of the potential difference and the current in an
AC circuit. This circuit could be +vrevrvaes

-

45

“1p=25A
@ RLC only RL only @ RC only @ RL or RLC

e In the opposite circuit, the capacitance was adjusted until (Xg); = 1/2 Xj, and the current in
the circuit was L. If the capacitance is decreased gradually until (X¢), = 3/2 Xj, the current

in the circuit veseseeees

XL Xc
— T ——~
L -1
%:
[ ()

NS4
A

@ decreases until it becomes zero

decreases until it becomes zero, then increases

@ increases

@ increases then decreases until it reaches the same first value
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@ The opposite figure shows the voltage vectors in an RLC circuit. The total impedance of the

circuit equals sevevaenss

60°

(A R/2 (®) (3R)/4 (©R (® 2R

e In the opposite circuit, the voltage of the AC source is sevsessess

L R =0
Lt”m """“l‘i I*-‘ —|
ﬁov—-jzuv,t-—aﬂv——’
- V |
(~) |

(@) 40Vv (®) 50V ©70vVv (® 110V

@ When a capacitor is added in series to the circuit shown, the reading of the hot-wire ammeter

does not change. In this case the capacitive reactance of the capacitor is «sevsesess the inductive

reactance of the coil.

@ half equal to @ twice @ three times
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@ An AC circuit consists of a resistor R, an inductor L of negligible ohmic resistance and a

capacitor C connected in series, where Xc = 2 X7, = 2 R. The total potential difference

XXX R R R RN

@ leads VR in phase by 90° leads VR in phase by 45°
@ lags behind VR in phase by 90° @ lags behind VR in phase by 45°

@ A series RLC AC circuit has a total impedance of 20 Q, an ohmic resistance of 10 &, and the
inductive reactance of the coil is greater than the capacitive reactance of the capacitor. So the

phase angle between the total voltage and the current equals «vevavvees

() 30° 45° (© 60° () 90°

@ In the AC circuit shown:

1) the total impedance iS vveevesees
p
C=1 lJ.F L=2H

— = TI—

R, =1000Q

() —
)

_ 500
f-——n Hz

(A) 1000 2000 Q (©) 5000 Q (©) 1000V(2)

@ In the AC circuit shown:

2) the phase angle between the total voltage and the current is vevessssss
p g g
C=1HF L=2H

— = TI—

R, =1000Q

(&) 90° 30° (©) 45° () o°
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@ If the phase angle between the total voltage and the current in an RLC circuit is 45° and (R =

Xc), the ratio of the inductive reactance of the coil to the capacitive reactance of the capacitor
(X1./Xc) equals vvvvenenes

(@) 2/1 (2)/1 (©1/2 (®) 1/1

@ An AC circuit contains a source of frequency 500/ (st) Hz and effective voltage 200 V, an
inductor of self-inductance 0.08 H and ohmic resistance 30 Q, and a capacitor, all connected
in series. If the total impedance of the circuit is 50 Q, the phase angle between the total

voltage and the current equals vevsvavaes

(&) 42.19° 46.12° (© 49.17° (D) 53.13°

@ An AC source of effective voltage 50 V and frequency 500/(5t) Hz is connected in series with
an ohmic resistor of 300 £, a coil of negligible ohmic resistance and self-inductance 0.9 H,

and a capacitor of capacitance 2 UF, so:

(1) the impedance of the circuit equals veveerrees

(&) 500 Q 806.23 Q (©) 1431.78 Q (®) 1700 Q

@ An AC source of effective voltage 50 V and frequency 500/(st) Hz is connected in series with
an ohmic resistor of 300 £, a coil of negligible ohmic resistance and self-inductance 0.9 H,

and a capacitor of capacitance 2 UF, so:

(2) the current in the circuit equals vevevvvves

() 0.03 A (8)0.1A (©0.17 A (©) 0.25 A

@ An AC source of effective voltage 50 V and frequency 500/(5t) Hz is connected in series with
an ohmic resistor of 300 £, a coil of negligible ohmic resistance and self-inductance 0.9 H,

and a capacitor of capacitance 2 UF, so:

(3) the power consumed in the circuit equals +vvvvvvses

(A)aw (®B) 3w ©2w (D) 1.47 W

@ A circuit consists of a resistance of 15 £, a coil of self-inductance 0.08 H and a capacitor of
capacitance 30 WUF, all connected in series with an AC generator (dynamo) whose coil has an

angular velocity of 500 rad/s. The total voltage vvveverees
@ leads the current by 81.9° lags behind the current by 60.65°
@ leads the current by 60.65° @ lags behind the current by 81.9°
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@ An inductor of negligible ohmic resistance, an ohmic resistor and a capacitor are connected in
series with an AC source as in the opposite figure. The voltmeter readings are related by V, =
V3 = 2 V1. When a soft iron rod is put inside the coil, the readings of voltmeters V; and V,,

respectively, veveveens

I C L
’ ] | R e e
@
@ decrease, decrease decrease, increase
@ increase, decrease @ increase, increase

@ Which of the following choices represents the components that can be placed at position X so
that the phase angle between the total voltage and the current becomes 45°? (The ohmic

resistance of the coils is negligible.)

XL=2R
e TIT X}
|
i
L (P i
L
XL=R XC_R X.=2R X, =R X =R

@ An electric circuit consists of a capacitor of capacitive reactance 80 £, an inductor of self-
inductance 0.28 H, and an ohmic resistor that is a wire 12 m long with a cross-sectional area
of 7 X 10 m? and a resistivity of 35 X 10° Q.m, all connected in series with an AC
source of negligible internal resistance, frequency 50 Hz and effective emf 20 V, so:

(1) the maximum current in the Circuit is eeeevecees

@2a (8) 2.828 A ©3a (D) 3.828 A
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@ An electric circuit consists of a capacitor of capacitive reactance 80 £, an inductor of self-
inductance 0.28 H, and an ohmic resistor that is a wire 12 m long with a cross-sectional area
of 7 X 10 m? and a resistivity of 35 X 10° Q.m, all connected in series with an AC
source of negligible internal resistance, frequency 50 Hz and effective emf 20 V, so:

(2) the effective potential differences across the capacitor and across the coil, respectively, are

approximately veeveeaees
(A) 248.86 V, 226.24 V 176 V, 160 V
(©160V,176 V (D) 226.24 V, 248.86 V

@ A coil of self-inductance 7/220 henry and ohmic resistance 4 ohm is connected in series with
a capacitor of capacitive reactance 5 ohm and a variable ohmic resistor (R). The ends of the
group are connected to an AC source of emf 13 volt, frequency 50 hertz and negligible
internal resistance. If the effective current in the coil must not exceed one ampere, the least

ohmic resistance (R) that must be used to keep the circuit safe equals +evererees

(a)4Q ()8 Q ©10Q D) 12Q

@ From the circuit shown:

(1) the total impedance of the circuit is vvvvvvees

20V

@

R, =0
E———— 1Y | |
R=3Q | X;=20Q| X.=16Q

AW)5Q (®)7Q (©249Q ®) 39 Q
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@ From the circuit shown:

(2) the current in the circuit equals vvvevvvves

20V
@
R;=0

—wwwv—— [T
R=3Q |X;=20Q ?CL];
(V) V)
(V)
(A)0.51 A (®B)1A (©2.85A

@ From the circuit shown:
(3) the readings of the four voltmeters Vi, V3, V3, Vy are vivveenn.

20V

(A Vi: 80V, Vy: 12V, V3: 16 V, V4 20 V
V12V, V520V, V320V, Vi 0V
(O V112V, V: 80V, V3: 64V, Vy: 16 V
(D) V1: 64V, Vy: 16 V, V3: 12V, Vy: 144 V
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@ In the opposite circuit, the current in the circuit is 1 A, the inductive reactance of the coil is
180 Q and each voltmeter reads 100 V, so:

(1) the capacitive reactance of the capacitor equals vevevvvees

M)
- gl
) -
)
A

(A) 60 Q (3) 80 Q (© 180 (0) 280

@ In the opposite circuit, the current in the circuit is 1 A, the inductive reactance of the coil is
180 Q and each voltmeter reads 100 V, so:
(2) the resistance (R) equals vevevaenes

(V)

N2
R
Wi ngmg}mﬁ
® :
(~)

(a) 60 Q (3) 80 Q (© 180 Q (D) 280

@ In the opposite circuit, the current in the circuit is 1 A, the inductive reactance of the coil is

180 Q and each voltmeter reads 100 V, so:

(3) the phase angle between the total voltage and the current in the circuit equals vvvvveeee.

(V)

N2
R
w4 FJW@W“
® :
(~)

Ao (8) 29° © s1° () 59°
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@ In the circuit shown, the phase angle between the total voltage and the current is 30°. When
the capacitor is connected in parallel with another identical capacitor, the phase angle between

the total voltage and the current becomes vvevaesses

1
Xe=7 XL
ﬂwww—fom Mﬂﬂﬂf‘—{ -
R =
()

(&) 22.65° 36.24° (©) 40.89° (D) 50.92°

@ An AC circuit contains a coil of self-inductance 0.2 H and ohmic resistance 500 £, a variable
capacitor and an AC source of voltage 400 V and frequency 5000/ (7t) Hz, all connected in
series. The capacitance that makes the total voltage lag behind the current by (7t)/4 equals

IXEERERERN]

(A)5 x 108 F ()4 x 108 F (©6 x 105F (D)4 x 105F

@ Figure (1) shows an RLC AC circuit, and figure (2) shows graphically how the total voltage
(V) of the circuit and the current (I) in it change with time (t). The capacitive reactance (Xc) of

the capacitor equals vvsvsvanss

Xe X.=2R

5\.\,*.“&-—{ ’—frj' I —

R =0

r (A
Figure (2) Figure (1)

(W R/2 ®R © 3/2R ®) 3R
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@ In the opposite circuit, when only the capacitor is removed, the total voltage leads the current
in phase by 30°, and when only the coil is removed, the total voltage lags behind the current in

phase by 60°. The current in the circuit shown in the ﬁgure is approximately vovsvavaes

V300 Q
wwm.ue——m]’mf *——| }——

(7))
&7
200 V

(a)3.78 A 7.56 A (©) 9.45A (D) 18.92 A

@ In the opposite circuit, if the ratio of the readings of the two voltmeters (V{/V,) is 1/2, the

capacitance (C) is approximately vsvsvavses

2
i HW L 1C|
4 O.WJ . 1] “, [.. ” WA ] I

(&) 60 pF (B) 30 uF (©) 15 uF (D) 7.5 uF
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@ In the circuit shown, if the total voltage lags behind the current by 45°, the element A is

XXX RN

Xo=30Q
T N
B | | l
Xlﬁzj?)g g :%409
1 f

@

@ an inductor of inductive reactance 20 Q
an inductor of inductive reactance 80 Q
@ a capacitor of capacitive reactance 20 Q

@ a capacitor of capacitive reactance 60 Q

@ An electric generator whose coil has negligible resistance consists of 500 turns, each of area
7/11 m?, placed in a uniform magnetic field of flux density 5 X 104 T and rotating at a
frequency of 50 Hz. Its ends are connected in series with a capacitor of capacitive reactance
110 Q, an ohmic resistor of 40 £ and an inductor of inductive reactance 80 {2 and negligible

ohmic resistance, so:

(1) the maximum voltage across the inductor equals veeevrrees

() 40v (®) 40v@2) v (© 80V (®) 110V

@ An electric generator whose coil has negligible resistance consists of 500 turns, each of area
7/11 m?, placed in a uniform magnetic field of flux density 5 X 107 T and rotating at a
frequency of 50 Hz. Its ends are connected in series with a capacitor of capacitive reactance
110 Q, an ohmic resistor of 40 £ and an inductor of inductive reactance 80 £ and negligible

ohmic resistance, so:

(2) the effective value of the alternating current in the circuit equals +vevvvvves

(4) 0.707 A (®B)1A (© 1.41 A ®2A
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@ In the opposite circuit, Xc = 2 X1, = 2 R and the total voltage lags behind the source current
by 45°. Which switches are closed so that the phase angle between the total voltage and the

source current becomes zero?

R L, C
—wwwn—e— T —
K, K, | ' K,
| wwon—L I —L |
R L C
f )
&

@ Switch K only Switch K, only @ Switch K3 only @ All three switches

@ The opposite figure shows a circuit containing an AC source of emf 220 V, a capacitor of
capacitive reactance 800 L, a coil of inductive reactance 800 L, an electric lamp of resistance

600 Q and a switch, all connected in series. The current:

— -t

()
\J
220V

(&) 1/10 A (3)4/10 A (©) 11/40 A () 11/30 A

(1) in the circuit equals voveeeeee

&
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@ The opposite figure shows a circuit containing an AC source of emf 220 V, a capacitor of
capacitive reactance 800 L, a coil of inductive reactance 800 L2, an electric lamp of resistance

600 Q and a switch, all connected in series. The current:

(2) when only the capacitor is removed from the circuit equals vvvveeeee
R =0
— LLILLLLD

()
4
220V

(A)0.16 A () 0.22 A (©0.36 A (D) 0.4 A

4

@ The opposite figure shows a circuit containing an AC source of emf 220 V, a capacitor of
capacitive reactance 800 L, a coil of inductive reactance 800 £, an electric lamp of resistance
600 Q and a switch, all connected in series. The current:

(3) when only the coil is removed from the circuit equals vveeeeeee
@ R =0
__+ / {

()
\J
220V

(A)o0.4A (8) 0.36 A (©0.22A () 0.16 A

&

@ The opposite figure shows a circuit containing an AC source of emf 220 V, a capacitor of
capacitive reactance 800 L, a coil of inductive reactance 800 £, an electric lamp of resistance
600 Q and a switch, all connected in series. The current:

(4) when both the capacitor and the coil are removed from the circuit equals vveeeeeee.
R =0
— LTI

()
\J
220V

(a)11/30 A 11/40 A (©4/10 A () 3/10 A

&
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I Essay questions — 22 questions

’ An ohmic resistor R is connected in series with an inductor of self-inductance L and ohmic
resistance R and an AC source. The potential differences across the coil and across the ohmic
resistor are as shown in the opposite figure. Find:

(1) the ratio of the inductive reactance of the coil to its ohmic resistance.

(2) the potential difference between the source terminals.

Wwer— TV —

:F-r 10 VHl :—-—20 V-«—---lI

)
&

Q Two identical resistance wires (x, y): wire x is wound double (non-inductively) as a solenoid,
and wire y is wound singly as an inductor. The two coils are connected in series to an AC

source. Explain why the potential difference across each coil is different from the other.

e In the opposite circuit, the two coils are identical and have negligible ohmic resistance. What
happens, with explanation, to the brightness of the lamp and to the phase angle between the

total voltage and the current in the circuit when switch K is closed?
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0 In the AC circuit shown in the opposite figure, the readings of the two voltmeters V1 and V3
are 30 V and 50 V respectively. If the two coils have negligible ohmic resistance, find:
(1) the potential difference between points x and y

(2) the potential difference between points z and m

° In the opposite circuit, what happens to the voltmeter reading if the turns of the coil are

moved apart from each other uniformly?

R L

i/ TITTTT0TT

),

@)

° In the circuit shown, what happens to the current in the circuit when an ohmic resistor of 200

Q2 is put in place of the inductor?

X, =200 Q

=TT

R =0

<,
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a In the circuit shown in the figure, a lamp of resistance R and an inductor of inductive

reactance X;, = R and negligible ohmic resistance are connected to an AC source. Show what
happens to the brightness of the lamp when:

(1) the source frequency is doubled while its emf stays constant.

(2) both the source frequency and its emf are doubled.
R

(~)
N
f

° In the circuit shown in the figure, the capacitive reactance of capacitor C equals the ohmic
resistance of wire a. If the wire is stretched uniformly until its length doubles, calculate the

change in the phase angle between the total voltage and the current in the circuit.

()
3/
Vv

e The opposite figure shows an AC circuit consisting of a capacitor, a glowing lamp and an AC
source whose effective voltage is constant and whose frequency can be changed. Explain why

the lamp filament glows less when the source frequency decreases.

I

Lamp

S ® <
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@ In the circuit shown in the figure, the phase angle between the current and the total voltage is
-30°. Show how the capacitance can be changed so that the phase angle becomes -60°

| R
A/lw AN NN ——y

C

@

° In the opposite circuit, if the maximum charge collected on the capacitor plates is 300V (2) u

C, calculate the power consumed in the lamp.

@ In the opposite circuit, how can you, by removing only one component from the circuit:
(1) increase the phase angle between the total voltage and the current to the largest possible
value?

(2) increase the current to the largest possible value?

k z X

| | | AN AV

|
| 1]
400 20 109 S0

@
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@ An AC source of negligible internal resistance and two pure elements x and y are connected
together in series. The opposite graph shows how the current and the potential difference

across each element change with time:

(1) Identify the types of the two elements x and y

(2) Find the phase angle between the total voltage and the current in the circuit.

V.1

I ]

@ An AC circuit consists of an ohmic resistor of 50 £, a pure element (x) and an AC source of
voltage 200 V as in figure (1), and the phase angle between the total voltage and the current is
(-45°). When element (x) is replaced by another pure element (y) as in figure (2), the phase
angle becomes (30°) . If elements (x) and (y) are connected together in series with the source

as in figure (3), what is the current in the circuit in figure (3)?

50Q
(- —1 SESSENy

200V 200V 200V

(1) (2) )
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@ In the circuit shown in the opposite figure, what happens to the current in the circuit when

switch K is closed?

<ga)

@ An AC source with a constant effective voltage and a variable frequency is connected to two
identical lamps, an inductor of negligible ohmic resistance and a capacitor as in the opposite
figure. Given that the inductive reactance of the coil equals the capacitive reactance of the

capacitor, explain why, when the source frequency is increased, lamp (2) becomes brighter

than lamp (1).

fmcitnr

Coil

00000000 —

AC
source C’TD

&

*&—kﬂ

(2)

~
[
L—
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G The opposite circuit is an RLC circuit connected to an AC source:
(1) Calculate the potential difference across the capacitor plates (V).

(2) Explain why the potential difference across the capacitor plates (V) can be greater than
the source voltage (V).

O ET B
— | [TER] AANAANA AR L
] J |I ¥ "‘ | L (AA S AL )| o |
:
y i | i
; [ !

I i

| ()

S0V

@ The opposite figure shows an RLC AC circuit. Calculate the electric power consumed in the
circuit.

X, =16Q X.=8Q

T e

!

——@
200V

@ A circuit consists of a capacitor of capacitive reactance 30 Q, an ohmic resistor of 44 Q and a
coil of inductive reactance 90 Q and ohmic resistance 36 &, connected in series with an AC
source of frequency 60 Hz and voltage 200 V. Calculate:

(1) the current in the circuit.

(2) the potential difference across the coil.
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AC Circuits (continued)

@ In the circuit shown, if X = 2X, what happens to the brightness of the lamp when:

(1) L is doubled?
(2) C is doubled?

@ ,f'r':“r;:f?:
ST
‘)’i « Wy
I
S

e In the circuit shown in the figure, (Xc < X ). Explain why the phase angle between the total
voltage (V) and the current (I) in the circuit increases after the capacitor is removed.

XC R £
— '——;'a":'-'a'f‘u'?'a','a’r—'—; e || i
JJJJJJ Ju
R =0

|
|

s = 2.

§
8

<@

@ In the circuit shown in the figure, if the two coils have negligible ohmic resistance, what is the
phase angle between the total voltage and the current in the circuit when switch K is:

(1) open?
(2) closed?
K R=5Q
r/. T L A NALLA
o o (X)=30Q
(XL)2=609§" et (XC)2=20 Q
= TT (X)) =60Q
] |
S C.
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I Past exam questions — 24 questions

’ In the opposite AC circuit, when switch K is closed, the phase angle between the total voltage
and the current v..eeevees (Trial exam / May 2021)

Inductor of no
ohmic resistance

K

i\
\'V/
@ does not change increases @ decreases @ becomes zero

a The opposite figure shows an AC circuit consisting of an AC source of maximum voltage 250
V, an inductor of negligible ohmic resistance and a hot-wire ammeter of ohmic resistance 12
2, connected in series. If the ammeter reads 10 A, the inductive reactance of the coil equals
veesseeess (Trial exam / May 2021)

L

—— T —
el 7Y

AV

(a) 17.67 Q (3) 12.98 Q (©)21.93 Q (D) 5.68 Q
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e In the circuit shown, when switch (K) is closed, the phase angle between the total voltage (V)
and the current (I) vovsvaeses (Trial exam / June 2021)

K
/-=_ .l.‘p"

AC source AR
V@ R L

@ increases decreases @ does not change @ becomes zero

° In the circuit shown, when the source is replaced by another of lower frequency with (V)

constant, veevsssens (1st session 2021)

AC source
()
Vv
L R

Inductor of negligible
ohmic resistance

@ inductive reactance of the coil: decreases, phase angle between the total voltage and the

current: increases

inductive reactance of the coil: increases, phase angle between the total voltage and the

current: decreases

@ inductive reactance of the coil: decreases, phase angle between the total voltage and the

current: decreases

@ inductive reactance of the coil: increases, phase angle between the total voltage and the

current: increases

521785



AC Circuits (continued) thanawiya-archive.com

° In the circuit shown, when switch (K) is closed, the phase angle between the total voltage (V)
and the current (I) vovsvseses (2nd session 2021, Sample exam 2025)

R
— AWM ———
g K
AC oL
source
V() L

@ decreases stays constant @ increases @ becomes zero

6 The figure shows a circuit with an ohmic resistor and an inductor (L) of negligible ohmic
resistance, and the phase angle between the total voltage and the current is (9) When switch

(K) is closed, the phase angle between the voltage and the current +vvvvvvee. (Ist session 2022)

L Ohmic resistor
AT ———rerorevrv—
T
K
%
Y
AC source
@ becomes zero does not change
@ increases @ decreases but does not reach zero
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a The figure shows an AC circuit with an ohmic resistor and two inductors of negligible ohmic
resistance. When switch (K) was open, the phase angle between the total voltage and the

current was (6) If switch (K) is closed, the phase angle between the total voltage and the

current vvaeeessse (2nd session 2022)
(X;),=R

AT ——wwwwn—

K (X)) =R
T

(~)

N
AC source
@ increases decreases but is not zero
@ becomes zero @ does not change

o In the opposite circuit, an inductor (of negligible ohmic resistance) has its turns spread
uniformly. When 1/4 of the length of the coil is cut off and the rest is connected in the circuit

without changing the other factors, the phase angle between the total voltage and the current
decreases by «.vvvaaees (1st session 2023)
}(1,::P1

R
—;«,-w,wmw——fﬂpﬂaﬂmmgﬁ_‘

()
&

(x) 8.13° 36.87° (©) 30.96° () 14.04°

° A straight wire is connected to an AC source and the effective current in it is I. Then the wire

is wound as an inductor and connected to the same source. The effective current in it veessssses
(Sample exam 2025)

@ decreases stays constant

@ increases @ the answer cannot be determined
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@ In an AC circuit, an inductor of inductive reactance 40 €2 and ohmic resistance 30 & is
connected to an AC source of effective voltage 60 V. The electric power consumed in the

circuit equals +vvvvvvvss (Sample exam 2025)

(A) 43.2w (B) 51.4W © 72w (@) 120 W

° An inductor of no ohmic resistance is connected in series with an electric lamp of ohmic
resistance R and a battery of emf V and negligible internal resistance. The current in the circuit
is I and the power consumed in the lamp is Py,. When an AC source of effective voltage V is
connected instead of the battery, the current in the circuit is 0.75 1. The power consumed in
the lamp and the phase angle between the total voltage and the current in this case are,

respectively, +vvevvvvss (Sample exam 2025)

Insulated coil

() 9P,,/16 , 41.41° 9P,./16,36.89° (C)3P./4,48.6° (D) 3P./4,41.41°

@ The figure shows an ideal transformer. When the AC source is replaced by a battery whose emf
equals the effective voltage of the AC source, the brightness of lamps A and B, respectively,
veeseesess (Sample exam 2025)

Lamp Lamp
— = TF

—E J .

o [ =

=i T =

E.——é = :E R

= T =

=t BE ol

=

200 turns 50 turns

@ A: increases, B: becomes zero A: does not change, B: increases
@ A: becomes zero, B: becomes zero @ A: does not change, B: becomes zero
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@ In the circuit shown, the phase angle between the total potential difference V; and the current I
= e2trvcrcren (1St SeSSIOH 2022)

40 LF
|
40 Q }
— AV
|
|
40 WF
P
A
100V, 200 o,
T

() 38° 35° (© -38° (p) -35°

@ A circuit contains a hot-wire ammeter of resistance 50 £, a capacitor and an AC source as in

the figure. The maximum emf of the source equals +.vvvvvvvs (2nd session 2021)

- &
_nxlo F
| |
||

Hot-wire

s ®

@)
f=100 Hz

(&) 250.19 v () 353.84V (© 194,17V () 318.62V
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@ An AC source producing a maximum emf of 100V(2) V is connected to three capacitors and a

hot-wire ammeter as in the figure. Using the data shown, the capacitive reactance (X¢)3 equals

evreenaes (2nd session 2022)

(X)) =40 Q (X), =40 Q

]

Xo)s
| 1
|

2A

@) )

R=30Q V__=100Y2V
(a) 80 Q (3)20Q (© 40 Q () 50 Q

@ In the circuit shown, the phase angle between the total voltage and the current was (-45%).
When switch K is closed, the angle becomes «vvvvvaese (Sample exam 2025)

K
P

=
|
|

0
|
|
|
!

—— WA ——
-

®

(@) -90°

©
O
@
A

@ o -26.6°

Q An AC source of frequency 100/(5t) Hz and effective voltage 20 V is connected in series with

an ohmic resistor of 3 Q and a capacitor of capacitance 1250 pF. The charge collected on one

plate of the capacitor when it is fully charged is +..e0vvees (Sample exam 2025)

(a)0.020 C 0.025 C (©)0.028 C (©) 0.035 C
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@ The opposite figure shows an RLC circuit connected to an AC source of emf 200 V and
frequency 50 Hz. The total impedance of the circuit is approximately «veveveese (Trial exam /
May 2021)

7
L=-LH _ 3
30q C=53x1075F

22
—”Wmm"\—wwu_f !,_

Ellf=:0

200V

f=50Hz
(&) 40 Q () 50 Q (©) 100 () 30 Q

@ The opposite figure shows an AC circuit with a capacitor, an inductor of negligible ohmic
resistance, two resistors Ry and Rz and three switches K1, K2 and K3. The largest electric

power consumed is obtained when «v..ovvees (Ist session 2024)

}([d==:211 ){c:==I{

T | v L
Dﬂmﬂ U i AMAVAMW
A
» < AN
K, K, K3 R,=R
()
AC source

@ switches K1, K2 and K3 are open

switch Kz is open and switches Ky and K3 are closed
@ switches Ko and K3 are closed and switch Kj is open
@ switches Ky, Ky and K3 are closed
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@ In the circuit shown in the figure, if the coil is replaced by another one of the same length, the
same cross-sectional area and the same wire material, but with twice the number of turns of
the original coil, the ratio of (the circuit impedance in the second case) to (the circuit

impedance in the first case) = vivaeaeses (Ist session 2024)

X; =200 Xp=20€
— TN — mwwww—i I—
RL= 0
oy
s

AC source of negligible ohmic resistance

A V(a0 20V7(10) (© 1/(v(10)) () 1/(20V(2))

° From the data shown on the two circuits (1) and (2), the ratio (Z1/Z3) = +sseevvnns (2nd
session 2024)

@ @
(XD,=3R =R (X),=2R
ORI st URTITITIT] s
Ri=0 (Xo)=2R 0 F=R
Circuit (2) Circuit (1)

() 1/2 1/1 © v)/1 (®) 2/3

@ In a series (RLC) AC circuit, the phase angle between the potential difference across the coil
(VL) and the potential difference across the capacitor (V) is vveveeeess (Sample exam 2025)

(a) 180° 90° (© -90° O
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@ In the circuit shown in the figure, an AC source of 220 V, 50 Hz is connected in series with a
capacitor, an ohmic resistor and an inductor of negligible ohmic resistance. What are the total

impedance of the circuit and the phase angle between the total voltage and the current? (Given:

T = 3.14) (an session 2025)

240 200mH  150HF

)
220V,50 Hz
@ impedance: 24 Q, phase angle: 0°
impedance: 21.22 2, phase angle: 74.21°
@ impedance: 48 Q, phase angle: 60°
@ impedance: 48 Q, phase angle: 30.2°

@ The figure shows an electric circuit. Explain what happens to the phase angle between the total
voltage and the current after switch (K) is closed. (Trial exam 2023)

R - e o

MY XL =R
K R
VWA
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
B A B B D C A D C A
11 12 13 14 15 16 17 18 19 20
D C C B C A A A B B
21 22 23 24 25 26 27 28 29 30
C B C C C B A B D B
31 32 33 34 35 36 37 38 39 40
C B A C B A B D B C
41 42 43 44 45 46 47 48 49 50
D C D C D A B A D B
51 52 53 54 55 56 57 58 59 60
C A D A B A D A D C
61 62 63 64 65 66 67 68 69 70
C A B C C A B C C C
71 72 73 74 75 76 77 78 79 80
D C C C C B C A C B
81 82 83 84 85 86 87 88 89 90
D D A D D D B C C B
91 92 93 94 95 96 97 98 99 100
A D D D B C D C D C
101 102 103 104 105 106 107 108 109 110
A D A B B B A B B C
111 112 113 114 115 116 117 118 119 120
B A D C B A D C B B
121 122 123 124 125 126 127 128 129 130
B B D C A C D B C A

‘ Answer (B)

I = V/Z and the voltage is constant, so the current increases when the impedance Z = V(R? +
X1 2) decreases
Decreasing the frequency decreases X|, = 2 fL, so Z decreases and the current increases

Increasing the frequency, increasing R or adding an iron core all increase Z
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a Answer (A)

Putting in the iron rod increases the self-inductance L, so X| increases and Z increases

thanawiya-archive.com

So the current decreases and the voltmeter reading V = IR decreases

e Answer (B)

Z = V(R? + (2n fL)?) at f = 0 gives Z = R, not zero

Then it increases with f at an increasing rate, which is graph (B)

° Answer (B)

In the first case the source is AC: I} = V/Z
In the second case the source is DC: I, = V/R because the coil has no reactance

I,/I, = R/Z < 1 because Z > R

° Answer (D)

Z=VR + X1?) =V(6*+8) =10Q

° Answer (C)

Z=vV(R?*+ X1?) =V(12? + 18%) = 21.6 Q

G Answer (A)

Doubling the frequency doubles the reactance: X1' = 2X 18 = 36 Q
Z =122 + 36%) = 37.95Q

° Answer (D)

X;, = 2R,sotanp = X;/R = 2
@ = tan’'2 = 63.4°

° Answer (C)

XL =R=>Z =vV(R?+R)=V(2)R
When the frequency doubles, X;' = 2R, so Z, = V(R?* + (2R)?) = V(5) R
Zz/Zl = \/(5/2) = 16

@ Answer (A)

tanp = X;/R = (V(3) R)/R = V(3)
@ = 60°= (m)/3
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@ Answer (D)

Before closing K: the circuit is R with X|, in series, so tang = R/R = 1 = ¢ = 45°
After closing K: the two resistors are in parallel, R/2, so tanp = R/(R/2) = 2= @ = 63.4°
So the angle increases by 63.4 - 45 = 18.4°

e Answer (C)

P=IR=>5/8=x10=>1=0.25A
Z=V/I=65/0.25=26Q=X =V(26%-10%) =24Q
w=2nf=2nx30/(n) = 60rad/s =L = 24/60 = 0.4 H

e Answer (C)

Z=vV(R?+ X% =V2* + 1%) =V(5)Q
I1=V/Z=6/(N(5)A
P=1I)R=36/5x2=144W

Q Answer (B)

Lamp resistance with a coil of negligible resistance: Z = V/I = 220/4 = 55 Q
X;, = V(Z*-R?) = V(55% - 44%) = 33Q
L =X /@2nf) =33/(2nx42) = 0.125H

@ Answer (C)

Vi, = VR and the current is the same, so X;, = R = 8 Q
2n fx1/(50m) = 8= f/25 = 8
f = 200 Hz

@ Answer (A)

X, = 2nfL = 2nx50%x0.01 = 3.14 Q
tanp = X;/R = 3.14=> ¢ = 72.3°
The current lags behind the voltage: A t = fracp360°x T = 72.3/360 %X 0.02 = 0.004 s

G Answer (A)

f=50Hz=T = 20 ms and the lead 2.5 ms = 1/8T, so ¢ = 45°
tang = X;/R = 1 and doubling the frequency doubles Xj, so tang' = 2 = ¢' = 63.4°

thanawiya-archive.com

The voltage leads the current in an RL circuit, and the new period is T' = 10 ms
At =634/360x10%x103 = 1.76 X103 s
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@ Answer (A)

V, is the coil voltage and V is the resistor voltage Vg = 10 V

thanawiya-archive.com

The coil voltage is perpendicular to the resistor voltage: V2 = Vg2 + V2
VL = V(20%-10%) = 10V(3) V

@ Answer (B)

At first Vi = V,,50X;, = R
After doubling the rotation speed, the reactance X; doubles and the emf doubles, while R does not

change
The current is the same in the circuit: V{ = IX; = 2IR and V, = IR
SoVy >V,

@ Answer (B)

X;, = 2nfL = 2nxX50X7/440 = 5 Q (taking & = 22/7)
Z =V(R? + X12) = V(12?2 + 52) = 13Q

@ Answer (C)

Xy, = 2nfL =50 = 2X22/7X fX7/44
50 = f,sof = 50 Hz

@ Answer (B)

Z =VR? + X12) = V(30% + 50%) = 58.31Q

@ Answer (C)

Z = V(R? + X12) = V(30% + 40%) = 50Q

@ Answer (C)

Z = 50 Q from the previous part
I=V/Z=5/50=01A

e Answer (C)

tanp = X1 /R = 40/30 = 4/3
@ = 53.13°
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@ Answer (B)

The brightness depends on P = I?R, so we need the largest current in the lamp
(B): a DC source, so the coil acts only as a resistance R: I = 2V/(R + R) = V/R
(A:I=V/2R,(C):1 = V/Z < V/2R because Z > 2R, (D): I = (V/2)/Z < V/4R

So the largest current is in circuit (B)

e Answer (A)

X, = 2nfL = 2nx50x7/35 = 62.8 Q
Z = N(30% + 62.8%) = 69.6 Q
I=V/Z=100/69.6 = 1.44 A

@ Answer (B)

tang = X;/R = 62.8/30 = 2.09
@ = 64.49°

e Answer (D)

Vg =IR = 1.44x30 = 43.2V
Vi = IX; = 1.44%62.8 = 90.52 V

@ Answer (B)

I =Vgx/R =45/15=3A
The coil voltage is perpendicular to the resistor voltage: Vi, = V(602 - 45%2) = 39.69 V
X, = Vi/I = 39.69/3 = 13.23 Q

e Answer (C)

V2 = Vg2 + V12 so the coil voltage is V|, = V(60? - 452) = 39.69 V

@ Answer (B)
R

= X,sotanp = X/R =1
@ = 45°

@ Answer (A)

Before closing: the total resistance is R + R + R = 3R and the reactance 2Xj, so tanp =
2X1/3R

thanawiya-archive.com

When K is closed, the second branch is shorted, so the resistance becomes R and the reactance Xj:
tang' = Xi/R, which is larger

The impedance decreases, so the current increases, and the phase angle increases
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@ Answer (C)

The coil has a resistance R, so the voltage across it leads the current by an angle 0 less than 90°

thanawiya-archive.com

and greater than zero

This is figure (C), where the voltage vector is above the current vector

e Answer (B)

The phase angle depends on the ratio X /R of the coil, which is the same for the two identical
coils

Before opening: tangp = X|/R = tan 45°= 1

After opening K the two coils are in series: tangp = 2X; /2R = 1, so the angle stays 45°

@ Answer (A)

The hot-wire ammeter has a resistance Ry, the coil has no resistance, and the current is the same

Vo/Vi = IRy/IX; = Rp/X, = 5/12

@ Answer (B)

The ammeter voltage is perpendicular to the coil voltage: V5 : Vi, = 5: 12 and the resultant is
V(5% + 122) = 13

Each unit = 260/13 = 20V

Z =V/I =260/2 =130

@ Answer (D)

Vi =5%X20 =100V
Ry = Va/I = 100/2 = 50 Q

@ Answer (B)

Vy = 12X20 = 240 V
X, = Vi/I = 240/2 = 120 Q

@ Answer (C)

In the first case the two coils are in series: Z = V/I = 100/1 = 100 €2, so X; + X, = 100
Vi = IX; =80 V=X = 80Q

After opening K and closing K5: the first coil is with R and V,;, = 80 V, so the current is also I
=1A

Z =100 Q=R = V(100? - 80%) = 60 Q
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@ Answer (D)

With direct current there is no reactance: R = V/I = 11/2.2 = 5Q
With AC: Z = 13/1 = 13Q=> X = V(13%2-52) = 12Q
L=X/Cnf) =12/2nx50) = 0.038 H

@ Answer (C)

X, =2nfL = 2X22/7X50X7/275 = 8 Q
Z=V(62+8)=10Q
I=V/Z=6/10=06A

@ Answer (D)

Direct current is not affected by the inductive reactance, only by the ohmic resistance

I=V/R=6/6=1A

@ Answer (C)

In circuit (1) the source is DC: P = (V2)/R = R = (100%)/100 = 100 Q
In circuit (2): X, = 2n fL = 2nx60x0.1 = 37.7 Q

Z? = 100% + 37.7% = 11421 > I? = (100%)/11421 = 0.8756

P = I°R = 0.8756 x100 = 87.5 W

@ Answer (D)

w = 2n f = 2nx500/(n) = 1000 rad/s = X|, = w L = 2000 Q
The phase angle is 45°, so the total resistance equals the reactance: Ry = 2000 Q
Coil resistance = 2000 - 1950 = 50 Q2

@ Answer (A)

Before opening K the lamp is shorted, so the circuit is the coil only: Z = 200/2 = 100 Q
Coil resistance r = V(100?% - 60%) = 80 Q

After opening K: R, = 80 + 100 = 180 Q and Z = V(180? + 60%) = 189.7 Q
I=200/189.7 = 1.054 A=>P = I’R = 1.054*°x100 = 111 W

0 Answer (B)

Z? = R? + w?L? so the relation is a straight line: the intercept is R? and the slope is w?
Intercept = 10X 10° = 10*=> R = 10> Q
Slope = ((20 - 10) X 103)/0.3 = 3.33x10* = w? = w = 182.6 rad/s

thanawiya-archive.com

67 /85



AC Circuits (continued)

@ Answer (A)

The current I starts from zero together with the voltage Vy, so they are in phase: x is an ohmic
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resistor

The voltage Vy is at its peak at t = 0, so it leads the current by 90°: y is an inductor

@ Answer (D)

From the graph: the maximum resistor voltage is Vy = 6 V and the maximum coil voltage is Vy,
=8V
tanp = Vi /Vg = 8/6 = ¢ = 53.13°

@ Answer (B)

Vimax = V(VR? + V12) = V(6% + 8) =10V
The effective emf of the source = 10/(N(2)) = 7.07V

e Answer (C)

The maximum current from the graph is I,y = 4 A and the maximum source voltage is 10 V

Z = (Vyad/Unar) = 10/4 = 2.5Q

@ Answer (A)

V), is the resistor voltage, which is in phase with the current

But V, the capacitor voltage, lags behind the current by 90°

@ Answer (D)

Z = V(R? + Xc?) because the resistor voltage and the capacitor voltage are perpendicular

So it is less than the algebraic sum R + X

@ Answer (A)

[ =V/ZandZ = V(R? + Xcz), so the current increases when Z decreases

Increasing the capacitance decreases X¢ = 1/(2m fC), so Z decreases and the current increases

@ Answer (B)

At first Vg = Vi, s0 R = X
When the frequency decreases, Xc = 1/(2m fC) increases, so Xc > R
The current is the same: Vo = IX¢c > VR = IR
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@ Answer (A)

®w = 2n f = 2nx50/(xn) = 100 rad/s
The phase angle is (5t)/4, so the reactance equals the resistance: X = R = 1000 €2
Xc=1/(wC) = 1/(100x10x10°°) = 1000 Q

So the component is a capacitor of 10 u F

@ Answer (D)

Z =NR* + Xc) = V() R Inax = (Vama)/Z = 20/(V(2) R) = (10N(2))/R
tang = Xc/R = 1= @ = 45" and in a capacitor circuit the current leads the voltage
I = (10V(2))/Rsin(w t + (1v)/4)

@ Answer (A)

tangp = Xc/R and X¢ « 1/C, so tang « 1/C
C,/C; = (tangy)/(tanp,) = fractan 30°tan 60° = (1/V(3))/(N(3)) = 1/3

@ Answer (D)

The resistor voltage is perpendicular to the capacitor voltage: V2 = Vg2 + V2
VR = V(5%-3%) =4V

@ Answer (C)

VR = V(VZ-V2) =V(@20%-122) =16V
R=Vy/I=16/2 =8Q

@ Answer (C)

Vc = VR and the current is the same, so Xo = R = 50 Q
1/@2nfC) = 50=>f = 1/(2nx50x100/(x) X 10°°) = 100 Hz

@ Answer (A)

Xc=1/2nfC) = 1/(2%X22/7X500x7/22x10°) = 1000 Q
Z = VR? + Xc2) = V(1000% + 1000%) = 1414.2 Q

@ Answer (B)

tanp = Xc/R = 1000/1000 = 1
@ = 45°

@ Answer (C)

Z =VR? + Xc?) = V(R? + (3R)>) = V(1I0)R

thanawiya-archive.com

69 /85



AC Circuits (continued)

@ Answer (C)

Xc = R=>Z = V(2) R and when the frequency doubles X' = R/2
Z'=VR* + (R/2)) = (V(5))/2R = 1.1R

@ Answer (A)

The voltage vector lags behind the current vector by 30°, so the current leads the voltage by less
than 90°
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This happens in a resistor-capacitor circuit; with a coil and a capacitor the angle is 90°

@ Answer (B)

The total voltage equals the algebraic sum of the voltages of the coil and the element y, so they are
in phase
So y is an inductor of negligible resistance like the first one, and their voltages are in phase (both

lead the current)

@ Answer (C)

The voltage and current vectors are on the same line, so they are in phase

So the elements a and b are two ohmic resistors

@ Answer (C)

The ammeter reading and the voltage are the same in both circuits, so the impedance is the same:
R? + X1 %2 = R? + X2, so X;, = Xc and therefore Vi, = V¢
The wrong statement is (C): in the coil circuit the current lags behind the voltage, and in the

capacitor circuit it leads it

@ Answer (C)

X, =2nfL = 2nx50x1/(x) = 100 Q
Xc =1/Q2n fC) = 1/(2nx50%x100/(m) X 10°°) = 100 Q
The two reactances are equal, so the impedance Z = V (R? + 1002) does not change, and the

brightness does not change

@ Answer (D)

Xc = 1/@2nfC)>C

@ Answer (C)

I = Vo/Xc = 5/265

1/(2nx100X265) = 6X10°F = 6 uF

0.019 A
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@ Answer (C)

I = Ve/Xc = 5/265 = 0.0189 A
Vg = IR = 0.0189x300 = 5.7V

@ Answer (C)

Lamp resistance R = (V2)/P = (100?)/25 = 400 Q and its rated current I = P/V = 0.25 A
Xc =1/2n fC) = 1/(2nx50%100/(3m) X 10°°) = 300 Q

Z = N(400% + 300%) = 500 Q =1 = 200/500 = 0.4 A

The current is greater than 0.25 A, so the filament melts

6 Answer (C)

At first tangp = Xc/R = 1
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Another capacitor C in series makes X' = 2X¢ (the equivalent capacitance is C/2), so tang' = 2
Q' = 63.4

@ Answer (B)

At first Xc = R
Another resistor R in series makes the resistance 2R, so tangp' = Xc/2R = 1/2
Q' = 26.57°

@ Answer (C)

Z = V/I = 200/0.02 = 10000 Q2
Xc=1/2nfC) = 1/Q2nx50%x2x10°) = 1591.5 Q
R = V(Z? - Xc?) = V(10000? - 1591.5%2) = 9872.6 Q

@ Answer (A)

Z = V/I = 500/0.25 = 2000 Q
Xc = V(Z% - R = V(20007 - 1000%) = 1732 Q
C=1/C2nfXe) = 1/(2nx60%x1732) = 1.53 u F

@ Answer (C)

A phase angle of 45° means tang = Xc/R = 1= Xc = R = 1000 Q
C=1/CnfXc) = 1/(2rnx60x1000) = 2.65 u F
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AC Circuits (continued)

@ Answer (B)

K open: one capacitor, Z = 200/0.2 = 1000 Q = Xc = V(1000? - 500?) = 866 Q
K closed: the two capacitors are in parallel, so X' = 866/2 = 433 Q
Z' = V(500% + 433%) = 661 Q=1 = 200/661 = 0.3 A

@ Answer (D)

The brightness increases as the current increases, that is, as the total impedance of the circuit
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decreases

(D): the two capacitors are in parallel, so the reactance is Xc/2, the smallest reactance of all the
circuits

(B): Xc and (C): 2X(, and in (A) the resistor in parallel with the lamp takes half the current

Z = V(R? + X?) is smallest in (D), so the current is largest

@ Answer (D)

The coil voltage V| leads the current by 90° and the capacitor voltage V lags behind the current
by 90°
So the difference between them is 180°: V7, leads V by 180°

@ Answer (A)

Before the increase: X¢ - X, = 500 - 100 > 0, so the circuit is capacitive and the phase angle is
-90° (the current leads the voltage)

At 2f: X1, = 200 Q and X = 250 Q; still X > Xj, so the angle is -90°

The change in the angle is 0°

@ Answer (D)

Before the increase: X > X, so the angle is -90°
At 5f: X1, = 500 Q and X = 100 Q, so now X[, > X and the angle is +90°
The change in the angle is 90 - (-90) = 180°

@ Answer (D)

The current is zero when the voltage is maximum, which means the phase angle is 90°

This happens with a coil of no resistance, with a capacitor, and with a coil and a capacitor together

@ Answer (D)

X = |XL-Xc| = |10 - 20| = 10 Q and the circuit has negligible resistance, so Z = X
I=V/Z=30/10 =3A
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AC Circuits (continued)

@ Answer (B)

The coil and the capacitor are in series: their voltages are opposite in phase
The source voltage is V = |V - Vi|and Vi = V] = V
So V¢ = V, = 2V (greater than V)

Answer (C)
Let X)) = x: 1 = V/(X1, - x)
The capacitance is reduced to a quarter, so the reactance becomes 4x, and the current doubles: 21
= V/(4x - X1)
Dividing the two relations: 1/2 = (4x - X1)/(Xy, - x), so X - x = 8x - 2X|,
33X, = 9x=> X1 /(X)) = 3

@ Answer (C)

Xc = 2X; then the frequency doubles, so X7 doubles and X is halved
Xc’ = Xc/z = XL while XL' = ZXL
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So the capacitive reactance becomes half the inductive reactance

@ Answer (B)

The voltage is constant and the frequency increases
The coil: X|, = 27 fL increases, so the current I (reading of A1) decreases

The capacitor: X¢ = 1/(27 fC) decreases, so the current I, (reading of Az) increases

e Answer (A)

The ohmic resistor is the one that converts electrical energy into heat energy
The coil of no resistance and the capacitor store energy and then return it to the circuit, so they

consume no power

@ Answer (D)

The current vector lags behind the voltage vector by 45°, so the circuit is inductive

This happens in an RL circuit, or in an RLC circuit if X; > Xc

@ Answer (D)

The impedance is Z = V(R? + (X1 - Xc)?) and the currentis I = V/Z

As the capacitance decreases, X increases from 1/2Xj, so the difference X - X decreases until it
vanishes at X = X, (resonance), where the current is maximum

Then X increases up to 3/2Xj, so the difference becomes 1/2X] as at the start, and the current
returns to its first value

So the current increases then decreases until it reaches the same first value
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@ Answer (D)

Vr = Vcos60°= V/2,s0 V/Vg = 2
The current is the same, so Z = V/I = 2 Vj/I = 2R

@ Answer (B)

The coil and capacitor voltages are opposite: Vi - Vo = 60-20 = 40 V
V = V(VR? + (V.- V)3 = V(30> + 40%) = 50V

@ Answer (C)

The ammeter reading did not change, so the impedance did not change

VR? + X12) = VR? + (X1 - X)) = (XL - X)? = X, ?

thanawiya-archive.com

The solution X = 0 is rejected because a capacitor was added, so the other solution is Xy - X¢
=X
Xc = 2X|,

@ Answer (D)

Xc = 2R and X1, = R, so the net reactance is X = X[ - Xc = -R and the circuit is capacitive
tang = X/R = -1 => @ = -45°
VR is in phase with the current, and the total voltage lags behind it by 45°

@ Answer (C)

cosp = R/Z = 10/20 = 1/2
@ = 60°

@ Answer (D)

®w = 2 f = 2nxX500/(7w) = 1000 rad/s
X, =wL =1000x2 = 20009 ,Xc = 1/(w C) = 1/(1000x 10°) = 1000 Q
Z = VR? + (XL - X)) = V(1000% + 1000%) = 1000V(2) Q

@ Answer (C)

tang = (XL - Xc)/R = (2000 - 1000)/1000 = 1
@ = 45°

@ Answer (A)

tanp = (|Xy - Xc|)/R = tan45°= 1 and R = X¢
| X1, - Xc| = X¢c = X1, = 2X( (the solution X| = 0 is rejected)
X, /Xc = 2/1
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@ Answer (D)

@ = 1000rad/s = X; = w L = 1000%0.08 = 80 Q
coso = R/Z = 30/50 = 0.6
@ = 53.13°

@ Answer (A)

w = 2n f = 1000 rad/s, so X;, = 1000X0.9 = 900 Q and Xc = 1/(1000x2x10°%) =
500 Q
Z = N(300% + (900 - 500)%) = 500 Q

@ Answer (B)

I =V/Z=50/500 = 0.1A

@ Answer (B)

P=1IR = (0.1)?%x300 = 3W (power is consumed in the resistor only)

@ Answer (B)

X, =wL =500x0.08=40QandXc = 1/(w C) = 1/(500x30x10°) = 66.67 Q
tanp = (X - Xc)/R = (40 - 66.67)/15 = -1.78 = ¢ = -60.65°
Xc > X, so the circuit is capacitive: the total voltage lags behind the current by 60.65°

@ Answer (A)

Vy, = V3 = 2V, thatis Vg = Vi = 2V, so R = X1 = 2X¢

The iron rod increases L, so Xy increases and Z = V(R? + (X - Xc)?) increases because X| >
Xc

So the current decreases and both readings V| = IXc and V, = IR decrease

@ Answer (B)

We need tang = X/R = 1 after adding the component
InB:Rt =R+ 2R=3Rand X = 2R + R = 3R, so tang = 1
In (A): tangp = 3R/2R ,in (C): X = 0, and in (D): tang = 2R/R, so they do not give 45°

@ Answer (B)

X, =2nflL = 2nx50%x0.28 = 88 QandR = (pf)/A = (35x10°x12)/(7x107°) = 6
Q

Z=vVR? + (XL -X)? = V(62 + (88-80)%) = 10Q

Lms = 20/10 = 2A =1, = 2V(2) = 2.828 A
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@ Answer (C)

Ve =IXc = 2x80 = 160 V
V= IX, = 2%x88 =176V

@ Answer (B)

X, =2nfL = 2X22/7X50x7/220 = 10 Q

The least resistance givingl < 1 Aisatl = 1A:Z = 13/1 = 13Q
R, = V(Z% - (X1, - X0)?) = V(132-5%2) = 12Q
R=12-4=8Q

@ Answer (A)

The coil and the capacitor are opposite: X = |X| - X¢| = |20- 16| = 4 Q
Z=VR*+X)=V3*+4)=5Q

@ Answer (D)

Z = 5 Q from the previous part
I=V/Z=20/5=4A

@ Answer (C)

Vi=IR=4%x3=12V,V, =IX| =4%X20 =80V ,V; = Xc =4%X16 = 64V
V4 is across the coil and the capacitor together: V4 = I (X1 - X¢) = 4X4 =16V

@ Answer (B)

V7 is across the coil and the capacitor: Vi = I |X - X¢| = |180 - X¢| = 100/1 = 100
Xc = 80Q (Xc = 280 Q is rejected because V, = 100 V must be greater than the capacitor
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voltage)

@ Answer (A)

V, is across the resistor and the capacitor: V, = IV(R? + Xc2) = R? + 80% = 100?
R = 60 Q

@ Answer (D)

tanp = (X, - Xc)/R = (180 - 80)/60 = 5/3
@ =59
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@ Answer (C)

tan30°= (X - Xc)/R = (X1, - 1/2X;)/R = X1, = 2Rtan30°= 1.155 R
Connecting an identical capacitor in parallel doubles the capacitance, so X' = Xj/4
tang' = (X - 1/4X1)/R = 0.75x1.155 = 0.866

@' = 40.89°

@ Answer (B)

w = 2nf = 2nX5000/(n) = 10*rad/s = X; = w L = 2000 Q

The voltage lags behind the current by (5t)/4, so the circuit is capacitive: tan(m)/4 = (Xc - X1)/
R=1

Xc = 2000 + 500 = 2500 Q= C = 1/(w Xc) = 1/(10*x2500) = 4x 108 F

@ Answer (B)

From figure (2), the peak of V'is at T/8 and the peak of I is at T/4, so the voltage leads the
current by T/8, that is ¢ = 45°

tang = (Xy. - Xc)J/R = 2R-Xc)/R =1

Xc =R

@ Answer (B)

Removing the capacitor: tan30°= X; /R = X1, = V(300) X1/(V(3)) = 10 Q
Removing the coil: tan60° = Xc/R = X = V(300) XV(3) = 30 Q

Z =VR? + (XL - X)) = V(300 + 20%) = 26.46 Q

I = 200/26.46 = 7.56 A

@ Answer (B)

X, =2nflL = 21x50x0.1 = 31.4Q
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V is across the coil and the resistor, V) is across the resistor and the capacitor, and the current is

the same

Vi/Vy = (VR? + X1.2))/(VR? + Xc?) = 1/2=R? + Xc? = 4 (50 + 31.4%) =
13948

Xc = V(13948 - 2500) = 107 Q= C = 1/(2nx50%107) = 30 u F

@ Answer (D)

R =40 Q, X; = 50 Q and X = 30 Q; the voltage lags behind the current by 45°, so the
circuit is capacitive and the net reactance equals -R = -40 Q
The net reactance without A: 50 - 30 = +20 Q

So element A must have a reactance of -60 €, that is a capacitor of capacitive reactance 60 €2
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@ Answer (C)

Vimax = NBA2m f = 500X 5x 104 % 7/11X2%x22/7x50 = 50V

Z=vVR? + (XL -X)?%) = V(40* + (80-110)%) = 50 Q

Lhax = 50/50 = 1 A, so the maximum voltage across the coil is Vi, = [,,.X;, = 1 X80 = 80
%4

@ Answer (A)

Ihax = 1 A from the previous part

Lims = (Umad/(V(2)) = 0.707 A

@ Answer (C)

The lower branch alone: R = X|, = x and X¢ = 2x, so tanp = (x - 2x)/x = -1, that is the
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voltage lags by 45°
To make the angle zero we need Xc = Xj: closing K3 connects an identical capacitor in parallel,
so the capacitance doubles and X' = x = X[,

So resonance happens and ¢ = 0

@ Answer (D)

X1, = Xc = 800 Q, so they cancel each other and the impedance is Z = R = 600 Q
I =V/Z=220/600 = 11/30 A

@ Answer (B)

After removing the capacitor, R = 600 Q and X; = 800 €2 remain
Z = ~N(600% + 800%) = 1000 Q=1 = 220/1000 = 0.22 A

@ Answer (C)

After removing the coil, R = 600 €2 and Xc = 800 Q2 remain
Z = V(600 + 800%) = 1000 Q=1 = 220/1000 = 0.22 A

@ Answer (A)

Removing the capacitor and the coil leaves only the resistor: Z = R = 600 Q
I =220/600 = 11/30 A

I Essay questions
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’ Model answer

(1) Vcoil = \/((VR)coi12 + VLZ) :20 = \/(102 + VLZ) y VL = 10\/(3) V
VI/((VR)coi) = X1./R = (10V(3))/10 = (NV(3))/1
(2) V= VIVR?Z + Vi2) = V(10 + 10)? + (10V(3))?) = 10V(7) V

Q Model answer

Because wire x has only an ohmic resistance (RX = R), while wire y has become an inductor with
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an inductive reactance (X)) and an ohmic resistance (Ry = R), and its impedance is given by Zy
= VR? + X))
The two coils are in series, so the total potential difference divides between them in the ratio of the

wire resistance R to the coil impedance Zy, and since Zy #= R, Vy = Vg

e Model answer

The lamp gets brighter and the phase angle decreases, because when switch K is closed the total
inductive reactance decreases, which leads to:

a decrease in the total impedance, so the current in the circuit increases (I = V/Z) and the lamp
gets brighter.

a decrease in the phase angle between the total voltage and the current (tanf = X;/R).

0 Model answer

(1) Vp = V(50 -30%) = 40V

The coils L and 2L are in series: Vyy = 40 X 2L/3L = 80/3 V
(2) Vkm = 40-80/3 = 40/3V, V,x = 30 X 2R/3R = 20V
Vimz = V((40/3)? + 20%) = 24.04V

° Model answer

The voltmeter reading increases, because when the turns of the coil are moved apart uniformly the
self-inductance of the coil decreases (L = (LA N?2)/ (!2)), so the inductive reactance decreases
(XL =2nf L), so the circuit impedance decreases (Z = V(R? + XLZ)), so the current in the

circuit increases (I = V/Z) and the potential difference across the resistor increases (Vg = IR).

° Model answer

The current in the circuit decreases, because the impedance in the first case is Z; = V (R? +
200?) and in the second case it becomes Zy = R + 200, so the impedance increases and the

current in the circuit decreases (I = V/Z).
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G Model answer

(1) When the source frequency is doubled, the inductive reactance of the coil doubles (X| = 2x f
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L), so the circuit impedance increases and the current in the circuit decreases (I = V/Z), so the
lamp gets dimmer.

(2) When the source frequency is doubled, the inductive reactance doubles, so the circuit
impedance increases to less than double (Z = V(R? + XLZ)). Since the emf is doubled, the

current in the circuit increases and the lamp gets brighter.

° Model answer

Before stretching wire a: tanf; = (-X¢)J/R = -1,07 = -45°

After stretching the wire: A1#; = Ay, so A1/A;, = 2,and R = (p. £)/A, so R, = 4R
tan@, = (-R)/4R = -1/4,0, = -14.04°

AO = -14.04 - (-45) = 30.96°

° Model answer

Because the capacitive reactance is inversely proportional to the source frequency (X¢ = 1/(2x f
C)), so when the source frequency decreases X increases, the total impedance of the circuit

increases, the current decreases and the lamp filament glows less.

@ Model answer

tand = (-Xc)/R ,Xc = 1/C2n fC)
(tan6,)/(tanb,) = C,/C; = (tan(-30))/(tan(-60)) = 1/3

The phase angle becomes -60° when the capacitance is reduced to 1/3 of its first value.

@ Model answer

(Vdmax = (Qmax)/C = (300V(2))/10 = 30N(2) V, (VC)eff =30V
V=vV(VR% + Vc2):50 = V(Vg2 + 30%) , Vg = 40V
P, = (VR%)/R = (40%)/100 = 16 W

e Model answer

(1) By removing component y, because the phase angle is given by (tané = (-Xc)/R), so it is
largest when the ohmic resistance in the circuit is smallest, that is by removing the component
with the larger ohmic resistance (resistor y).

(2) By removing component k, because the current is (I = V/Z) and (Z = VXc? + Rz)), so to
make the current largest the impedance must be smallest, by removing the component with the

larger reactance (capacitor k).
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@ Model answer

(1) The current and the potential difference of component x are in phase, so x is an ohmic
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resistor. The potential difference across component y lags behind the current by 90°, so y is a

capacitor.

(2) tanf = (-VO)/Vg = (-2)/1 = -2,0 = -63.43°

@ Model answer

In figure (1): 0 = -45° so element (x) is a capacitor and X¢ = 50 €2

In figure (2): 0 = 30°, so element (y) is an inductor and X; = 50 tan 30°= 28.87 Q
In figure (3): Z3 = | X, - Xc| = 21.13 Q

I =200/21.13 = 9.47 A

@ Model answer

The current in the circuit decreases to a quarter, because the total reactance before closing K is X
=25-20=5Q

After closing K (the coil is shorted): X, = Xc = 20 Q

I/, = X»/X1 =20/5 =4,1, = 1,/4

@ Model answer

Because when the source frequency increases at constant voltage, the inductive reactance of the
coil increases, so the current in lamp (1) decreases, and the capacitive reactance of the capacitor
decreases, so the current in lamp (2) increases.

Since the two lamps were equally bright before the frequency increased, after the increase lamp

(2) becomes brighter than lamp (1).

Q Model answer

(1) V.= V(Vg? + (V.- V0)?) : 502 = 30> + (20-V)?, Vg = 60V
(2) Because in an RLC circuit the voltages are added as vectors, not algebraically, where V =

V(VR? + (VL - V)P

@ Model answer

Z=V(6*+ (16-8)?) =10Q
I=200/10 = 20 A
P, =I?R = 20% x 6 = 2400 W

@ Model answer

(1) Z = N((44 + 36)> + (90 - 30)>) = 100 Q,I = 200/100 = 2 A
(2) Veoil = NReoii> + X12) = 2V(36* + 90%) = 193.8V
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@ Model answer

(1) When L is doubled, the inductive reactance of the coil doubles, so the circuit impedance

increases (Z = V(R? + (X - XC)Z)), the current in the circuit decreases and the lamp gets
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dimmer.
(2) When C is doubled, the capacitive reactance of the capacitor decreases, so the total impedance

of the circuit increases, the current decreases and the lamp gets dimmer.

Q Model answer

Before removing the capacitor: tan6, = (X, - Xc)/R , after removing the capacitor: tan6, =
X1/R
So after removing the capacitor the total reactance of the circuit increases, and the phase angle

between the total voltage and the current increases.

@ Model answer

(1) The two capacitors are in parallel: 1/X¢c = 1/60 + 1/20,Xc = 15 €2
tan@ = (30-15)/5 = 3,0 = 71.57°

(2) The two coils are in parallel: X; = (30 X 60)/(30 + 60) = 20 Q
tan = (20-15)/5 = 1,0 = 45°

I Past exam questions

1 2 3 4 5 6 7 8 9 10
B A C C A A A A
1 12 13 14 15 16 17 18 19 20
A A B A B C D A
21 22 23 24

a Answer (B)

Closing K shorts the resistor R, so the circuit becomes an inductor only.

So the phase angle increases to 90°

a Answer (B)

Veg = 250/(V(2)) = 176.8V
Z =176.8/10 = 17.68 Q
X, = V(17.682-12%2) = 12.98 Q
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e Answer (A)

Closing K shorts one of the two resistors, so the total resistance decreases.
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tan@ = Xj /R, so the phase angle increases.

0 Answer (C)

X1, = 27 f L, so the inductive reactance decreases as the frequency decreases.

tan@ = Xji /R, so the phase angle decreases.

e Answer (C)

Closing K puts the two resistors in parallel, so the total resistance is halved.

tan@ = Xji /R, so the phase angle increases.

e Answer (A)

Closing K shorts the coil, so only the ohmic resistor remains.

So the phase angle becomes zero.

0 Answer (B)

Closing K puts the two coils in parallel, so the inductive reactance decreases from R to R/2

tan® = Xi /R, so the angle decreases but does not reach zero.

° Answer (A)

L=((A N2)/00); cutting off a quarter gives N' = 3/4N and {' = 3/44, so L' = 3/4L
Before cutting: tan6; = 1,60 = 45°

After cutting: tanf, = 0.75, 0, = 36.87°

AO = 8.13°

e Answer (A)

Winding the wire as a coil adds an inductive reactance, so the impedance increases and the current

decreases.

@ Answer (A)

Z =V(30% + 40%) = 50 Q
I=60/50=12A
P, =I?’R =144 x 30 = 43.2 W
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@ Answer (A)

P, « I?, so the power becomes (0.75)? Py, = 9/16P,,
cos@ = R/Z = (I/I = 0.75
0 = 41.41°

0 Answer (A)

With the battery the primary coil has no inductive reactance, so the current increases and lamp A

thanawiya-archive.com

gets brighter

The flux does not change, so no current is induced in the secondary coil and lamp B goes out

e Answer (C)

® = 400 rad/s , the two capacitors are in parallel: C = 80 u F
Xc = 1/(400 x 80 x 10°°) = 31.25Q
tan@ = (-31.25)/40,0 = -38°

@ Answer (B)

Xc = 1/Q2n x 100 X 4/(w) X 10°°) = 1250 Q
Z = V(1250%? + 50%) = 1251 Q

Veg = 0.2 X 1251 = 250.2V

Vimax = V(2) X 250.2 = 353.8V

@ Answer (A)

Vg = 100V ,Z = 100/2 = 50 Q

Xc = V(50%-30%) = 40 Q

Xc)1 + X), = 80 Q in parallel with (Xc)3

(80 (X)3)/(80 + (Xo)3) = 40 = (X3 = 80 Q

@ Answer (B)

Before closing, tanf = -1, that is Xc = R

After closing, the capacitance doubles, so Xc = R/2
tan = -1/2,0 = -26.6°

@ Answer (C)

w = 200rad/s,Xc = 1/(200 x 1250 x 10°) = 4Q
Z=V(3>+4)=5Q,1=4A,Vc=16V
Quax = C Vipax = 1250 x 10°° x 16V(2) = 0.028 C
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@ Answer (B)

X, =2 %X 22/7 X 50 X 7/22 = 100 Q
Xc = 1/@2n x 50 x 5.3 x 107°) = 60 Q
Z =V(30% + 40%) = 50 Q

Q Answer (D)

The largest power is at the smallest impedance: closing Ky shorts the coil, closing K2 shorts the
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capacitor, and closing K3 puts the two resistors in parallel.

So Z = R/2, which is the smallest value.

@ Answer (A)

Before replacing, X; = X, s0Z1 = R = 20 Q
L xN?soX. =80Q

Z, = V(20% + (80 -20)%) = 20V(10) Q
Z,/Z1 = N(10)

@ Answer (B)

Z; =V(R? + (2R-R)?») = V(2)R
Z, = V(R® + (3R-2R)?) = V(2)R
Zl/Z2 = 1

Q Answer (A)

V1 leads the current by 90° and V lags behind it by 90°, so the difference between them is 180°

e Answer (C)

X, =2 X 314 x 50 X 0.2 = 62.8Q

Xc=1/(2 X 3.14 X 50 X 150 x 10°°) = 21.2Q
Z =(24% + 41.6%) = 48 Q

tand = 41.6/24 = N(3), 0 = 60°

@ Model answer

The phase angle increases, because the total ohmic resistance decreases (closing K puts the two

resistors in parallel), and according to the relation (tanf = X;/R) the phase angle increases.
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