A.C. Fundamentals Trial Mid-Semester Test with Answers

AC ELECTRICAL FUNDAMENTALS
TRIAL MID-SEMESTER TEST

This test is closed book, calculator permitted. * Time permitted 1% hours.

Answer questions in the spaces provided. * 60 MARKS TOTAL (70% pass)
Clearly label all currents, resistors and voltage drops in the circuits and state any assumptions in
order to obtain a full mark

‘When calculating values, show clearly all steps, starting with the formula, then substituting with
numbers and finally show the measuring units of the obtained result. Otherwise NO MARKS
are given

It is permitted to use the formula sheets, given at the back of your lab book.

Q1) In a certain magnetic field the cross-sectional area is 50 cm? and the flux is 1500pWb.
‘What is the flux density? [2 marks]

=5
E: g), - _——'—‘SOC*\()» = ‘_SM = ?)(I) \MT
A SO« 107 SOx jgt ————

Q2) Determine the reluctance of a material with a length of 28 cm and a cross-sectional area of 800
mm? if the relative is 1000. The bility of vacuum is 4.7.107Wb/At.m.
[3 marks]

0‘;18 iol SﬁA{’;

@M}*r}*’o#\ 1000 YRk 10% 800107 T We

Q3) What is the magneuzmg force in 150 turn coil of wire when there are 3A of current through it
and the length of the core is 0.2m? [3 marks]

NxI 4503 9 95 (Abfw
& 0. _—
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A.C. Fundamentals Trial Mid-Semester Test with Answers

Q4) In the dxagram below determine the following: [3 marks]

b@
c B

{=50cm

First count the mmbex of 4urug = 40O

NI . 10335 g agfw
-

Q, .5
S S 0.5 - 630, 6 KA
) f{o)"r A ) Gt 1077y AS0Ox asxio™ 636 N3
5 NXI - iOxéL-S = 333J_A\Nb
R 626.6x\0>

B = @ 36‘5)&(‘9’4&: 1£.30 wmT
TOA T XSk B

Q5).According to Faraday’s Law, what happens to the induced voltage across a given coil if the rate
of change of magnetic flux doubles? [1 mark]

The voltage doubles

Q6) A magnetic field is changing at a rate of 3500x10°Wb/s. How much voltage is induced across
a 50 turn coil that is placed in the magnetic field? [1 mark]

V= N(da))fsolzsgoox\o AsY

Lubomir Tchervenkov Page20of 16 www.Lubomir.name/engineering



‘A.C. Fundamentals Trial Mid-Semester Test with Answers

Q7) A sine wave has a frequency of 50kHz. How many cycles does it complete in 10ms? [2 marks]

S R S
T‘ ! S0 x 102 ;LO‘IV‘S

0 {Ows 10x@_’f B -
huwber of eyeles = === 7 o Smggdes

Q8) Calculate the frequency for a sine wave with a period of 500 pis. [1 mark]

A | T
1= T 5000 ‘QKHE

Q9) Calculate the time period for a sine wave with a frequency of 500 MHz. [t mark]
— i
T=—=3= —— = dns
! Bo0ox 106 ——

Q 10) For the sine wave below, determine the peak, peak-to peak, and RMS values. [3 marks]

—
25V . _ W
\JPP—' Ax A5 = SO
VP /L=
Vews = ©.30%F = Vp =
=0. 701, AS =
Vo =1+ 638V
25y
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A.C. Fundamentals Trial Mid-Semester Test with Answers

Q 11) Convert /8 rad to degrees. [1 mark]
P g A >
degfees‘ = ;128_0/ xrad = 20, = 0.8°
St rad jP 8 2
Q 12) Convert 108° into radians. [1 mark]
T"Aol ) Gl‘” L fJT % 4 o SJ,T <
~ ns = X ecs = % A 5
¥ éd\ a 2> I | |
f {iang should ke expre : \

he Tt Ve §
Q13) One sine wave has a positive peak at 75° and another has a positive peak at 100°. How much
has each wave shift in phase from the 0° reference? What is the phase angle between them?

[1 mark]

The positive peaks should be occurring at 90°. Therefore, one wave is leading by 15° and
the other is lagging by 10°. The phase angle between them is 25°

Q 14) A certain sine wave has a positive going zero crossing at 0° and an rms value of 20V.
Calculate its instantaneous value at each of the following angles: [3 marks]
a 15°
b. 110°
¢ 325°

- Vrws - 30 3.0
Vo= o563 = Sg03° 28V »
Vitgoy = Vp SniS® =38.38 0.4588 7&
V ey = Vp sin MO®- 38. 39« 0.939%= 36,58V

- - ___/( 2
V(205 = Vp sin 235°=38: 29 (- 0.5¥36)= M

Q 15) For a 0° reference sine wave with an rms value 0f6.37V, determine its instantaneous value at

V() =V sin (3%) = 3 (4= = 9Y

Lubomir Tehervenkov Page4of 16 wwiw Lubomir, name/engineering

each of lhefoll,odvgl:nipom's Please, ensire Hne [3 marks]
a. ~ C
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c. 3w2rad o
Nao Vows | 6.3 <. ot
P70~ 0.7 o il 5
V(s) = Vp.sin (8) =9 02832 3%\/ K
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‘A.C. Fundamentals Trial Mid-Semester Test with Answers

Q 16) Sine wave A lags sine wave B by 30°. Both have peak values of 15V. Sine wave A has
reference with positive going at 0°. Determine the instantaneous value of sine wave B at 45°, 200°
and 300°. [3 marks]

B= Vo sin (Us%ad) = ISsn 350 = M43V
p= Vp sin (200+35) = 1S 2in AR = —44. 49V

= Vp sin (30T +233)= 1S sn 225 1.5V

Q 17) How much dc voltage must be added to a 3V rms sine wave in order to make the resulting
voltage nonalternating (no negative values)? [1 mark]

3Vrus = 3/0.707 = 4.24Vp
If this DC value is added, the sine wave will never swing below zero.

Q 18) The repetition frequency of a pulse waveform is 2kHz, and the pulse width is 1ps. What is

the percent duty cycle? 12 marks]
T+ s S Soops

duty cyple ({W)MOOA 51&;0\0 g \oos 0.4%

Q 19) Determine the duty cycle for each waveform below. [2 marks]

Fwi fog

Vvy

LS fem 1

;"3 :1,;67 éélb e 0102;!330405})@070
-W-—-
(@) b Ti
JmTi Frst, bel Hie circust ds shown.
. ‘ o (w2 oot =
Dclz ( )V»‘OOA DC&» o 3’*‘(070
okl o R = 0 x AT uOOZ =
Ty é?e o~ 30x 1
95% = 66- 6%
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Q 20) A non-sinusoidal waveform called a stair-step is shown below. Determine its average value.
[1 mark]

Vv

NWw s oo

r(ms}

NotVi+Vat Vat Ve tVs +Ve | O+ 42+ 3+4+S+6
7 I

Vave =

-2 ey
ER S
Q 21) What is the fundamental frequency of a square wave with a period of 40ps? [1 mark]
s L —J—ng = ISkHz
T~ Yo« 10 :
Q 22) A square wave has a period of 40ps. List the first six odd harmonics [2 marks]

!
b= 77w e = IS

Vaz 2x35x10°= #S Mz Vo= G« IS« \oi.» NS khz
V__:S)(&S“Q&:w‘gb(p{ V= Myx ASx\O = IS ke
Vz= P ASx 1072 1Sk He Via = A3x ASxI0% = 23S ke

Q 23) What value capacitor is capable of storing 10mJ of energy with 100V across its plates?

A N3 [1 mark]
Wegevts -
CAW 2, A0k Mo E
G Tt
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Q 24) Draw the sine waves represented by the phasors A and C on the same coordinate system,
given below. The phasor lengths represent peak values. [3 marks]

-
A 15V
is
80
=
\ ]
v yales
voltdge W )
S e <ame
should be e Sawic

onE Rl Qyele

— —

J .
N least ne Hull ¢

clarty  visible

3 should

edch WAVE . ,
CeC U ) pPlitudes  have t0 B¢
Sruporh onal eyt !
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Q 25) Determine the frequency for the angular velocity of 1256 rad/s [1 mark]
{256
= 2 200 He
AR =
[1 mark]

Q 26) Determine the angular velocity for frequency of 2 kHz.

Qo= A = A< axi0°= 13566 vad[s

Q 27) The frequency of a sine wave with 0° phase shift is SkHz. The peak value of the sine wave is
1 V. Determine the instantaneous value of the sine wave at 30ps, 75ps and 125ps, measured from

the initial positive going zero crossing. E /] {3 marks]
i i N}

v

-3 [
[ErsicorsS %CCJ\LS
b7 Sdo J ~_
We e to wvwexi s &od;&_ "
degrees (&)= %;%_S & 260= 54 [ 4 \Ss S ey
degrees (FSys)- 55 x 260= 4357 s s N A
de\@(eeg(l&SyQ: a%‘éﬁg@; 235°
V(zops) = Ve S SYo= 4x 0,808 0.24V,
V(asps) = Vp 5w 13504 x OF0F 2 OV
v (vspey = Vp S 2260 Ax(-OFTH = :C“”‘L

Q 28) A mica capacitor has a plate area of 40 cm” and a dielectric thickness of 8 mm. What is its
capacitance? The dielectric constant of mica is 5.0. The absolute permittivity of vacuum is

8.85x10"2F/m. [3 marks]

S P AHOK|Q%/J> _
(_'&o(c_rd “(385)(1\(.) xs—d_‘g,m Pw?,\;

Q 29) Five 1000 pF capacitors are connected in series. What is the total capacitance? [1 mark]

\\Cx_ 1000
Gr=g = —5 = 30pF

Lubomir Tchervenkov Page 8 of 16 ‘www Lubomir.name/engineering



A.C. Fundamentals Trial Mid-Semester Test with Answers

Q 30) For the circuit below, determine the voltage across each capacitor if the value of the battery is

10V. [2 marks]
LX\\L\ “A@ u Yo + YX-:{’\./\L
7 Yoo LoWMwmEnce  Yyoutr caley lahicug

‘OVJ L A5 &= E;‘SCZ = \.{%g—%:c.egzgylv
cz’-ff}f_ Ver= ( )V - (Qegas 6415 ) (0= 6. zzvz
1

i

3 Ve ) Lég_%)x\g 242V \
Ve 2= R
Vg= 1000
Dade C\\t‘ck\u_’i
Q 31) What is the voltage between points A and B in the circuit below? [3 marks]
L ToF ropE Labkel atl COMPONE | ats Hrst.
| You way veed o swpl ity
G Gy and redraw dhe cireudt

22pF 33pF

A S

T Ve - - ng:Cng:&\%%&:S.S:]uF
- 0. Selae | 5x58
[ |L5uF T Cer Cay 5+ k.5
Ce = a.6apF

[

— ¢ )
I Y A s
° Cay |3.5yF |

Vag= .63V
_—
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N

Q 32) Determine the time constant for RC circuit, where R = 1002, C = 1uF
5

[1 mark]

= RC= 100x 1x {0 = 100x 1076 g = 100 pis
‘ :

Q 33) In the circuit below, the capacitor is initially uncharged. Determine the capacitor voltage at
the following times after the switch is closed:

[3 marks]
a. 10ps r
b. 30 . ) =y -
o Som ft=RC= @x)ﬁf{ix‘/@‘y
T= 10us
10 kOhm \}A

)

_ 0xiC®

\/Lloys‘) = Ve ( f-e *
168v

IUODI fJF

sis(4-¢ (Tg%g"{) :
= 9.3V

. 2oag€ P
Ve =S (d-¢€ B ) = 14.25V,

I

SOx
. - _ le
V(sops) = IS (4- € ot )= 14.90V

Q 34) On the diagram below the capacitor is initially fully charged to 25 V. Determine how long it
will take for it to discharge to 3V, after the switch is closed.

[1 mark]

I We
_[: 28V 2.2KOhm
15uF

SDOSU

V \i\\‘»\l\\
k- -ren () - "

¢ LR I
—2. 0 «10% 1.5 410 In (g—s) ~tws
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Q 35) In the figure below, the capacitor is initially fully charged. Determine the capacitor voltage at
[3 marks]

the following times after the switch is closed:
k)
1 = RC=2.2 01 5K

a. 5ms
b. 10ms

c. 15ms
ft=3.3ws

[ | < 4
1.25’\} 2.2k Ohm \/(Sws): \/‘6 -'ts -

I_ L 295.e =55V

= = B

Viowsy=Vie

Viswe= Vie
[1 mark]

Q 36) What is the value of the total capacitive reactance of the circuit below?

Cig=C,+(, =10+45

1H I1§Lr Ié}m Clél:\nguF

= 6.366e L

Koz ——t
AT 5% Ci AT dxdSxio™®

Q37) Inthe previous question Q36, what frequency is required to produce an Xc of 100Q?
[1 mark]

| { o
S BN . = 63.63%
Q\T\ICQ XC\Q_ g\(\)\\lx .:lgx AO Q;( lOQ ‘\———H—i

‘www.Lubomir name/engineerin;
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Q 38) A 1 kHz voltage is applied to a 47pF capacitor, and 1mA of rms current is measured. What is
the value of the voltage? [2 marks]

r o
s . —— = 3323 Q)
Ko zmic AmAge0 Ao e 5

V= AXe = dx 10734228 = 3,22 wV

Q 39) Determine the ac voltage across each capacitor and the current in each branch of the circuit
below. What is the phase angle between the current and the voltage in each case? [5 marks]

% Lakel e arct first.
u.ﬂ{{pF ¢ ('Zgrccv +C5»’Q§f 1.3 =

[—’——% . 53 4 nF
Dtov 0ne CZ B uzzpF ‘l' Cs Veoy G = Cix Ces .

! 00i17pF Cit Coa
\g, €5 *

CioeRRF
“Totany T HeF

(
= s _s52.05¢Q
X “\Jf €, " T30 105103 “

{ Qo
P ——— RN
Keo= Q\MCL T A 30022 11070 e
. { A
X TIC, T Tosoo,, EED =US. 34k

A |

Xet - 51 = amaoog 3iaos - 68 gl
v ! 4 _
- _BXQ_S;: e&gc()o =4S 2 A
Viy= AtxXey = 146 310 3% S30SD = 1.3V
Veaz= Vg = ’vg_ 1@ 13 =2.3V

Neasz
“Z“ o = ?_w@ = 54 A

Veas . 23 - S0, ﬂa/—\
3l'he cuéé‘ﬁ}thmn@%% lc‘;‘apamors always leads the voltage by 90°.
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Q 40) Fifty volts are induced across a 25mH coil. At what rate is the current changing.  [1 mark]
V=L doe
Vel
i vV 50 . i
P S = ez
£ L O©.0aS
Q 41) How many turn are required to groduce 30mH with a coil wound up on a cylindrical core

having a cross-sectional area of 100 mm® and a length of 50 mm? The core has a permeability of
12x 10°H/m. [2 marks]

_ NUA
L=

Nz [Tl
J= | Lx¥v = = | -
N yA \ 4 ddaé iooxio™e

Q 42) How much energy is stored by a 100mH inductor with a current of 1A. [1 mark]

= 3/3KF.S Turus
Semae s LU

) | 2 \ . 2_ bt
\\J;ELI - Z*C'“m = 50w

Q 43) What is the total inductance between points A and B for each switch position below:
[4 marks]

pos 1= Lr=Livls=5+4 = Guh
pes.a br=bLi+lytls=5+04+ 4= 6.4 wh
pos. 3> Ly= LitlatlysLs=S+dvodrd=F dwi

pos Yo L= Lt Lo+ Lt lytls=5ti0e 4+ 04+ 4= (A w
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Q 44) Determine the total inductance of the circuit below:

amH 2mH LL( LL{S:L“4+I‘5: Q‘+Q‘:QWH

[1 mark]

RN P e
2
2mH L; R L&’s L“B _ ,")i\i ;j_%gvv\\‘\
L b s = Laa+ LNS Y
2

Ly =laas +L4=4.33%4= 23w

Q 45) In a series RL circuit, determine how long it takes for the current to build up to its full value
ifR=56Qand L=50uH. [2 marks]

= i R
e = L . 5007 L 29Rins

56

Sn = 5x833x10°= UYcys

Q 46) Initially SW1 is opened. Determine the current through the inductor at I ms, 3 ms and 5 ms
after the switch SW1 is closed.

o

[3 marks]
Y sw2 L 027
T= T.)\_: 3\‘;\‘5 ={Fws
T T
L\:‘ R = 0-13‘4)5\/\4/'\
(‘ —
ng»ll (- %)= 12630 (1-€ ‘;) S0.SBwA
sat i3
© AFwA
Lawg= T (4-€ f) W2, 63010 (- € %—) 9y 1’ w
gns) =T (1 - =)= 13 63,07 U-€ )= {07.63uwA
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Q 47) For the circuit in the previous question, initially the final steady value of the current through
the inductor is reached. Then SW1 opens and SW2 closes slmuhaneously Determine the current
through the inductor at ms, 3ms and 5 ms after the swuch SW2 is closed [3 marks]

e R YAy

Llws) =R e 1‘ U3, 63240 e'ﬁ = 623 AwA
- M. QxI03eT 5 - &S,qgwA

Uawg=Lie ®=
&(Sws'):Le h'E- Ny 6B x (; e ":" GwA

Q 48) What is the value of the total inductive reactance of the circuit below, when the frequency is
1MHz? 2 s 2 ‘ks]
Soluhen & 2 marks]
Bo A ATUSA UG08
[ i

SR
L L L &

31.4mohm (B38mohm  £125mohm | ' {
1uH 2uH 4uH —= — — =
Lkt 2y
Aalution L =54 L
KL= afdl, = 6,93 £ Xg= REGE S
X =30t L= A.5FLL = 3% Ax 10K s;jyys“f
Xia= Arkly= A5 AD L = 3,588 L

\ \ | [ i

XL\— Xu Xe Xa blf 425} ZS R,
Xir = D523 7_>

A A R I S ) .
Q 49) Five inductors are connected in series. The lowest value is 5 uH If the value of each inductor
is twice that of the preceding one, and if the inductors are connected in order of ascending values,
what is the total inductance? [1 mark]

L\:S\}A\'\ )Ll:{Q}AH)LSIl@J\AH ) LH:L‘OJ\JH)LS:??OJJH
Lr= L3 Litlatlytls =
= S+ 10+ 0+ 40+ 30
Ly = 155 ui
_
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Q 50) Determine the ac voltage across each inductor and the current in each branch of the circuit
below. What is the phase angle between the current and the voltage in each case? [5 marks]

Frst, clear \')
lahel eveyp W ug

0W2.5 kHz0

Deg

L= Lyt Lya = SO+12.23=62. 234

Xip = A5 4Ly = 0% 1ST0 2.3 106 = 0,995 L1

J Vs (@) y
Ar=——= = {0.05A

"%~ O

( ‘ 2 RN A twa
4= 4 —Sysfew of WO eguahicus wit

N ; ?> N\y\no\j\es, Tue »wl{\vcd is deviheal
L&+t5: \0.0s o what e already tu\.‘t‘\‘i‘t\‘ !}« tor

0 ¢ YD Fundawentals Tral Mig- Hewest™
Aat Ly = 10.0S Vst pA0
. 1005 _ 2 35A

)

iz
Loz A B35 =6 HA

—_

\‘JL;\: (‘ET)\“S: <SC )’\‘C’fllgg\ o8 I you have

Be on Hae fest

G223 .

Vizg = Vg=Vui = 10-+.83 = 2. MV Hease | aluags

Al cuvrents \Ag volt s by G0, doyhle v‘d\c' e
END OF TEST | 97 ™"

4

(Check your work!) ~

Lubomir Tchervenkov Page 16 of 16 ‘www, Lubomir name/engineering



	AC 1-01
	AC 1-02
	AC 1-03
	AC 1-04
	AC 1-05
	AC 1-06
	AC 1-07
	AC 1-08
	AC 1-09
	AC 1-10
	AC 1-11
	AC 1-12
	AC 1-13
	AC 1-14
	AC 1-15
	AC 1-16

