ALTERNATING CURRENT W
mq

21.1  Characteristics of alternating currents dﬁs i

Candidates should be able to:

1 understand and use the terms period, frequency and peak value as applied to an alternating current or
voltage

2 use equations of the form x = x, sin est representing a sinusoidally alternating current or voltage

recall and use the fact that the mean power in a resistive load is half the maximum power for a sinusoidal
alternating current

i distinguish between root-mean-square (r.m.s.} and peak values and recalland use I' =1,/ V2 and
V. .=V, / V2 for a sinusoidal alternating current

21.2  Rectification and smoothing

Candidates should be able to:

1 distinguish graphically between half-wave and full-wave rectification

g explain the use of a single diode for the half-wave rectification of an alternating current

3 explain the use of four diodes [bridge rectifier) for the full-wave rectification of an alternating current
4

analyse the effect of a single capacitor in smoothing, including the effect of the values of capacitance and
the load resistance
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7 (a) Explain what is meant by the raﬂr-mean-square (r.m.s.) value of an alternating voltage. Ea

b %\ O S

nent @t Direct Valioge .

(b) An alternating voltage Vis represented by the equation

where Vis measured in ‘U'E:IHS Ell'ld n SEEG\IS

For this alternating voltage, determine

(i) the peak voltage,

22D N

peak voltage

(ii)) the rm.s. voltage,

\{fms - Vﬂ = 23'— r.m.s. voltage = |5€ V [1]

—l

NEX N 2

(iii) the frequency.
W =z 120R

o frequency = 6‘9 Hz [1]
27§ = 200K

(c) The alternating voltage in (b) is applied across a resistor such that the mean power
output from the resistor is 1.5kW.

Calculate the resistance of the resistor. i

< P> = VYmg

bS#1e = LISE
R

> PV, i

rasislance = oinidesniissiaisan S 2]
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10 The output potential difference (p.d.) of an alternating power supply is represented by

V = 320 sin(100 mct)
V=V St

where Vis the p.d. in volts and t is the time in seconds.

(a) Determine the root-mean-square (rm.s.) p.d. of the power supply.
\r"'ﬂ'!- & N"[n - 220
N2 =

L B i R

(b) Determine the period T of the output.
W= |boR

PY.QRTY o
T

T: A T= 20820 S 2
100

(e) The power supply is connected to resistor R and a diode in the circuit shown in Fig. 10.1.

Fig. 10.1

(i) State the name of the type of rectification produced by the diode in Fig. 10.1.

............. lw'ﬂrwa\@fﬂa\\%m (1]
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(ii) On Fig. 10.2 sketch the variation with time ¢ of the p.d. V; across R from time t = 0 to
time t = 40ms.

400117
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o
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t/ims

=100

—-200

—-300

—400
Fig. 10.2
[3]

(iii) On Fig. 10.1, draw the symbol for a component that may be connected to produce
smoothing of V.

[1]
[Total: 8]
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10 (a) By reference to heating effect, explain what is meant by the root-mean-square (r.m.s.) value
of an alternating current.

Amocs. voda.. 39 AC... Rguel . Gnslomt De... iR

digeipole.. Rt 200 ok A 3ame... Aole... 1. 1
Aame. ks B D

(b) The variations with time f of two currents I, and I, are shown in Fig. 10.1 and Fig. 10.2.
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Fig. 10.1

Fig. 10.2
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(i) Use Fig. 10.1 to determine the peak value and the rm.s, value of the current I,.

peak value = Q'é A

l—lmg: 1' = & rmsvalue=lgL(A
5 A2 1

(i) Use Fig. 10.2 to determine the peak value and the r.m.s. value of the current .
e wawd AC 2 'Ifl""-.".ﬂ In

peak value = -Q"E} A
EMLS ValuE = v 2 e A
[1]

(c) The variation with time t of the supply voltage V to a house is given by the expression
V= 240sinkt
V=N, LY
where V is in volts, t is in seconds and k is a constant with unit rads™".

(i) The frequency of the supply voltage is 50Hz,

Determine k to two significant figures.

K=z w = 27 f
K = glCE-N)[Sa)

K 31y

k= 3”{ rads™! [2]

(ii) The supply voltage is applied to a heater. The mean power of the heater is 3.2 kW.

Calculate the resistance of the heater. \"l‘h_s = Vo = 24e =\To
-4 N2 N2
i . \'ims
FE' L
2.2 lﬂg = CIIT'U}
K
E — CI - O

resistance = qﬂdl 2 [2]

[Total: 8]
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10 The rectified output of a sinuscidal signal generator is connected across a resistor R of resistance
1.5k, as shown in Fig. 10.1.

1.5kL2 R

rectified
output

Fig. 10.1

The variation with time t of the potential difference V across R is shown in Fig. 10.2.

8.0 ENNEN EEEEE 1 A W A S
VIFV L1 3 8 ¥ ._;_ _:_ — L f B _.:_ ] (S| FCF] [ B O I _ M o' fui 1 B0 — .. all| . | _._...._._......:__._....._ | I N N S S -

E-D\\ /,—-\\ /\

Fig. 10.2

(b) A capacitor is now connected in parallel with the resistor R. The resulting variation with time ¢
of the potential difference V across R is shown in Fig. 10.3.

8.0
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Fig. 10.3

= o i i ol e o

=

© UCLES 2014 9702/04/5F/16



21
(i) Using Fig. 10.3, determine
1. the mean potential difference across the resistor R,

<v>: 60+ L8 5.4
3

potential difference = ................... 511 ______________________________ "

2. the mean current in the resistor R,

2 N Pp=<> R

5.4z [=17] (15 x10°) 4
mean current= . 0> 00326 = 3.80 RID A

3. the time in each cycle during which the capacitor discharges through the resistor.

(i) Using your answers in (i), calculate

1. the charge passing through the resistor during one discharge of the capacitor,

RAverage cuvrenk = Toted cfavge
. o Topall  tima

=%
3-60A1\D e ¥ T2X 10
0027 i B=A
A i R C

2. the capacitance of the capacitor.

a = CV
q~72x155 ~ C_(_-ﬁ"ﬁ"-' Ll@)

72 X106 I
s X le 2 . capacitance = ....... 8 i U, 5 1 e
A [4]
P
C..':: <, +C1

(c) Asecond capacitor is now connected in parallel with the resistor R and the first capacitor. On
Fig. 10.3, draw a line to show the variation with time f of the potential difference V across the

resistor. T= E% 1e bime dg_ﬂg\a ineresfer, Thay [1]
g dactestes tRa  vippls $i%®  [Total: 10]

© UCLES 2014 9702/04/5P/16 [Turn over



21
9 (a) The output of a power supply is represented by:
V =9.0sin20t
Ve Vo 8m Wk
where V is the potential difference in volts and t is the time in seconds.

Determine, for the output of the supply:

(i) the root-mean-square (rm.s.) voltage, V. _ V.= -0V

\"m;, = Vo ” 9.0
J2 =
V., .= e 8BE N [1]

(ii) the period T. We 2p

E = 2!.} ‘-—;’b T: 2{.3*“'{')
T 20

T= o6-2

(b) The variations with time t of the output potential difference V from two different power supplies
are shown in Fig. 9.1 and Fig. 9.2.

VL'I li"":::I'l
v V
0 - 0 B
0 t 0 t
SNZ  \WGwp 0 iawd
Fig. 9.1 ig. 9.2

The graphs are drawn to the same scale.

State and explain whether the same power would be dissipated in a 1.0 £2 resistor connected
to each power supply.

Lo fet give waw, Neyo L ;;&5 :tmmc ate.
Ye

............. Fov. . Square. wiemt, Vet s Va..
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(c) A capacitor C of capacitance 47 uF is connected across the output terminals of a bridge
rectifier, as shown in Fig. 6.1.

: 3 .
! : . i C
Y , ee = o
T : rectifier : 47 I-LF
i .If L
Fig. 6.1

i | |

Tﬁﬂ\_dr‘fﬂa EEEEEEN N 1 O D
i Lt - I : o ) S S . -".fh..::i:::'__'_:;

61 HT S S |

T IIII_|I"" — m |

4 I g TS a8 TS al [ B
Y.oV

2

0 = m u _

; h L, time {

Fig. 6.2

Use data from Fig. 6.2 to determine the energy transter from the capacitor C to the resistor R
between time t, and time £,

Chﬂw-ﬁ' ff Pd dblﬁvg %‘wu.n dJ’SC.me’%{na U

= 7.0 - 4wo = 3.0V
2 2
i [E CN, — - CV,
(Lt?xl;c) [ L* ~ '?ﬂj

L {2 e e e D J [3]

s o« T’ T e

7

A,
-

~@ U shod  thel  emegy @ Poct
by Copacdst -
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Akhtar Mabhmood (0333-4281759)

ALTERNATING CURRENT (CIE Past Paper QUestions) ' (hsco. us virii 45

MIS, DCE. Dy ASS0ieTEM), OCPPITR)

alternating current/voltage, X = Xysin @ et

(0.1 (a) Fig. 1.1 is the circuit of a bridge rectifier.

=
Ty

“
fig, 1.1
An alternating supply connected across PR has an output of 6.0V rm.s.

(i) On Fig. 1.1, circle those diodes that are conducting when B_is positive with respect to P

(ii) Calculate the maximum potential ditference between points () and §, assuming that the diodes are ideal

\)'fmg:: :.JL--—"‘;) £-0 :iﬂ_—-
N2 1+ )

No = 8-V

potential difference= ............... W 2]

(iii) State and explain how a capacitor may be used to smooth the output from the rf:ctmer You ma} ::Irau. on F|E 1.1af
you ou wish,

C'_m\ner_.hu% —s ogtoes  Doad
______ SN v% =Wk

decfeq&e




Akhtar Mahmood (0333-4281759)
M Sc.(Physics). MCS, MBA-IT, B.Ed
MIS, DCE, D ASH00e(IBM), OCF(PITE)
teacher_TRAE hoimanl com
(). 5. The variation with time ¢ of the sinusoidal current f in a resistor of resistance 450 2 s shown in Fig. /1.
1.0 T

ili::-iil I:I.
I/A . i i e s

Use data from Fig 5.1 to determine, for the time =0 to # = 30 ms,
(a) the frequency of the current,

T_.: LQS.-.HQ: 1Sm ¢
’Ft —Jl__ = ’l-é‘;i,-% frequenc}f=.........6.5’.'.....1........................
(b) the mean current, o
. ~0* 7
—1> . 0 "TS-%; 0-75)

meadn current = o
(¢) the root-mean-square (r.m.s.} current,

o

T & 323 825

—— gy

Ap J:?-

(d) the energy dissipated by the resistor.

EalL.THE

_ Co-53 (Uss)(20x0°)

energy =
6.

A sinusoidal alternating voltage supply is connected to a bridge rectifier consisting of four
ideal diodaes. The output of the rectifier is connected to a resistor R and a capacitor C as
shown in Fig. 6.1,




The function of C is to provide some smoothing to the potential difference across R.
The variation with time t of the potential difference V across the resistor R is shown in Fig. 6.2,

= 5= =

r L .4 L - -
- s s -

4 il - - - o . TN S Y-

H %‘ M 1; ' 4

* +

- o

30

(a) Use Fig. 6.2 to determine, for the alternating supply,
(i) the peak voltage,
peak voltage =

(ii) the root-mean-square (r.m.s.) voitage,

r O
i .« 25

5 T3

r.m.s. voltage =

(iii) the frequency. Show your working.

T= 26M¢

A
g

frequency =

(b) The capacitor C has capacitance 5.0 uF.
For a single discharge of the capacitor through the resistor R, use Fig. 6.2 to

(i) determine the change in potential difference,

AV = Yo- &-




(ii) determine the change in charge on each plate of the capacitor,

AQ- ClV)

(2]

(c) Use Fig. 6.2 and the value of the current given in (b)(iii) to estimate the resistance of
resistor R.

<N>= ZL> %
[1'0'1*&'\1 :Q{.@m?)R

2

R - .

R T O PP Q [2]




