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Chapter one
Sinewave function and phasor

1.1 Sinewave function in time domain:

A sinusoid is a signal that has the form of the sine or cosine function. A sinusoidal current
is usually referred to as alternating current (ac). Such a current reverse at regular time intervals
and has alternately positive and negative values as shown in figure (1.1). Circuits driven by
sinusoidal current or voltage sources are called ac circuits. Consider the sinusoidal voltage

(1) = Vg sin ot

Vm = the amplitude of the sinusoid
e} = the angular frequency in radians/s

et = the argument of the sinusoid

W=2rf
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Figure (1.1) Sinewave in time domain

1.1.1Frequency, Period, and wavelenagth:

The amount of time for completion of 1 cycle is the peroid. It is inducated by the symbol T
and the unit is expressed in second (sec).

|
T =+
f

The number of cycle per second is called frequency(f). It is inducated by the symbol F and
the unit is expressed in Hertz (Hz).

Wavelength (1) is length of the one complete wave or cycle. It os depend on the frequency of
the periodic variation and the velocity of transmission. Expressed as a formula:

velocity  C

~ frequency f
A: Wavelength(m)
C: speed of light(m/sec)
f: frequency, Hz




1.1.2 Angular measurement

The one cycle of sinewave is 360°, one half cycle is 180°.Aquarter tune is 90°. Degrees also
expressed in radians (rad). A complete cycle is 27 in radius.

360%=2n

0— T

180

@degree _ @radians
180  m

Figure (1.2) Two cycle of alternating voltage generated by rotating loop
Example(1.1): how many radians are there in 30°?
Solution:

@degree  @radians

180 T
30 B @radians
180 T

radians = —
ra lanS—6

H.W(1.1): how many degree are there in = rad? answer(60°
3

1.1.3 Characteristic value of voltage and current of sinewave

Figure (1.3) shows the characteristic value of voltage and current of sinewave which
represents:
1. Peak value is the maximum value of the sinewave.it applied to either the positive or
negative peak.
2. Peak to peak value is double the peak value when the positive and negative peaks are
symmetrical.
The average value is the arithmetic average of all values in a sine wave for 1 half-cycle.
4. Root mean square (effective value) is 0.707 times the peak value.
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Sinewave in voltage

Sinewave in current

V(t) =Vp sin (wt)

[(t) =Ip sin (wt)

Va=0.637*V, l2v=0.637*I,
Vims=0.707*V, l.ms=0.707*I,

ms = 0.707 peak

av = 0,637 peak

Amplitude, v or
o

Figure (1.3): Characteristic value of voltage of sinewave

1.1.4 Form Factor and Peak Factor of sinewave:

RMSvalue _ 0.707Vp_

Form factor= =
Avarage value 0.637Vp

Maximum value v
Peak Factor= =P
RMS value 0.707Vp

= 1.414




1.2 Phase angle:

When we have two waves having the same frequency, the time relation between waves called
phase and the angular relation between them called phase angle. As an example, the phase
angle between waves A and B is 90° in shown figure (1.4). Which B stars at maximum value
and reduce to zero in 90°, while wave A star zero value and increase to maximum value at90°.
So wave B is leads wave A by 90° or wave A lags wave B by 90°.

A=V, sin (wt) (reference)

B: Vm Sin (Wt+90) ) V(t):vm Sin(Wt+®)
Voltage Cosine wave B
+Vm / Sine wave A , e

Figure (1.4) wave B is leads wave A by phase angle 90°

1.2.1 Lead or lag terms

We have three waves A, B and C is the same frequency as shown in figure (1.5). The time
relation between them are:

_
° 1 @3 Tine
1*T't’
Figure (1.5)
A is reference B is reference C is reference
B lags A by @1 A leads B by ¢1 A leads C by ¢

C lags A by ¢» C lags B by @2 —¢1 B leads C by @2 —¢1




Example (1.2): find the relation (lead or lag) and the phase angle which the V; is reference:
V1=10 sin wt

V,=20 sin (wt+m/3)

V3=25 sin (wt- /6)

Solution:

V, leads V1 by n/3 ¢ = /3
Vslags Vibyn/6 @ = —mt/6

Example(1.3): As shown in figure (1.6) find the relation (lead or lag) and the phase angle
which the v is reference.

)
(@ (0] (c

figure (1.6)
Solution:
(@)i and V in same phase ¢=0
(b)ilags V ¢=-180°
(c)i leads V  ¢=90°

H.W(1.3): As shown in figure (1.7) find the relation (lead or lag) and the phase angle which
the v is reference.

) ()

figure (1.7)




Example(1.4): If v(t)=10 sin (2om+§), find:

(1) Peak voltage, the average of the voltage, Root Mean Square of voltage
(2) The angular frequency, frequency, and periodic of the waveform
(3) The wavelength of the waveform
(4) The phase shift of the waveform and explain the waveform is leading or lagging?
(5) Form factor and Peak factor
(6) The value of the v(t) when t=5sec.
Solution:
(1) V,=10v V(t)=V, sin(wt+@)
Va=0.637*V,=0.637*10=6.37v.
rms=0.707*V,=0.707*10=7.07v.
(2) angular frequency (w)=20mx rad/sec.
w=2nf —=>20n=2nf —— =10 Hz
T=1/f —= T=1/10—=>T=0.1 sec

_2_3*108_ 8
(B)X—f— o =0.3x10°m

4) o= grad leading because positive.

RMS value __7.07
Avarage value 6.37

=1.11

(5) Form factor=

Maximum value

=22 _ 1414

Peak Factor= =
RMS value 7.07

(5) v(t)=10 sin (20m+§)
V(=10 sin (20n*5+-)

v(t)=10 sin(3017/3)
v(t)=10*0.866 =8.66V

H.W(1.4): If I()=5 cos (10m-§), find:

(1) Peak current, the average of the current, Root Mean Square of current.

(2) The angular frequency, frequency, and periodic of the waveform.

(3) The wavelength of the waveform

(4) The phase shift of the waveform and explain the waveform is leading or lagging?
(5) Form factor and Peak factor

(6) The value of the I(t) when t=2msec.




1.3 Phasor diagram representation of the voltage and current in
sinewave:

V(t)=Vn, sin(wt) [(t)=Im sin (wt+0)
V(Ut)=Vm 20 1(t)=1m 20

Figure (1.8) Phasor representation of sine wave of the voltage and current

Example(1.5): Transform these sinusoids to phasors:
(@) v =4 sin(30t + 50)

(b) i = 6 sin(50t — 40) 90° V=4 450°
Solution:
(@) v =4 sin(30t + 50) 180°

V =4 £50°
(b) i = 6 sin(50t — 40) has the phasor 270°

=6 Z— 40 90°

180° 0°
| =6 £ —40°
270°

H.W(1.4): Express these sinusoids as phasors:
(@) v=—7sin(2t + 40°)
(b) i =4 sin(10t - 100°)




Chapter two
AC circuits

2.1 Purely resistive circuit:

—» O

Frequency response Phasor diagram

Vand [ curve

v=V_ sinwt

i=1_ smwt

2 ,.

2.2 Purely inductive circuit

=

Frequency response

vandiin phase

V
e Im e
' ~
Ve i

Fhasor diagram

V and I curve

X: inductive reactance (Q)




2.3 Purely capacitive circuit

Frequency responsce

v=>FV

sin i -
7
i=1,, sin (et +90)

leads 1>

Example (2.1): Find the inductive reactance X, the current through the inductor to the
circuit, and timing equation in voltage and current in figure (2.1) draw the voltage phasor

Xc: capacitive reactance (Q)

diagram.
Figure (2.1)
Solution:
X= 2nfL=2*z*60*10*103=3.7699 Q
10
= — = = 2.6A
Xl 3.7699

V=Vm sin(2xaft)
V=10 sin(2x*60*t)
V=10 sin(120mxt)

10

I=Im sin(2xft-90 °)
1=2.6 sin(2*60*t-90 °)
1=2.6sin(1207t-90°)




Example (2.2): Find the capacitive reactance, the current through the capacitor to the circuit
and timing equation in voltage and current in figure (2.2) draw the voltage phasor diagram.

10V 100 uF
60 Hz c .

Figure (2.2)
Solution

1 1
- 2mfC 2xmx60% 1001076

=~ =22 — 03774
Xc 26.5

V=Vm sin(2rft) I=Im sin(2xft+90 ©)
V=10 sin(2n*60*t) 1=0.377sin(2x*60*t+90 °)
V=10 sin(120mxt) 1=0.377sin (120xt+90°)

Xc = 26.50

H.W (2.1): Find the value of capacitor to the circuit in figure (2.3).
I=0.5

10V
60 Hz ¢

Figure (2.3)
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2.4 (RL) Series circuit:

VAVAYA
v g
L el }
@ .
@
R
Where Z is the impedance in ohms (Q)
.
X, =2zfL
¢=tan"’ LS @ phase angle with axis
b Z: impedance ( Q)
— V= 1 *R

VL: | *XL

VT: /VRZ + VLZ

Example (2.3): Find the Vg and V. for the circuit shown in figure (2.4) o

5Q
Lo VAAA
10V " B 105n
m
60 Hz @ *
Figure (2.4)

Solution:
Xi=2nfL=2*7*60*10*103=3.769Q

Z1= /RZ + X,

Z1-52 + 3.7692

Z1=6.26 Q)
_1.X1

¢ = tan 1(E)

0= tan‘l(—3'7569)= 37°

=2 _ 1594

Z 6.26
Vr=1*R=1.59 * 5= 7.95v
Vi=1*X=1.59 *3.769=5.99 v

12




H.W?2.2: find the value of inductive as shown in figure (2.5)

R
1= 10A #@ e %
I -7
220 v, 60 Hz
figure (2.5)

2.5 (RC) Series circuit:

Vr=1*R

’ — 1 *

Example (2.4) Find the total current and Vg ar;{d V¢ to the circuit in figure (2.6). Then draw

the voltage phasor diagram. 1,50
YW
10v =
60 Hz n;) IgJ o
Figure (2.6)
Solution:
1 1

Xc = 26.52()

T 2nfC  2+m*60%100+107°

Z1= /RZ + X2

ZT: \/52 + 26522

0=— tan‘l(%)

13




o -1(2652) _ _
0 = — tan (—5 ) 79.32
|]=—=—
Zr 2698
Ve=I+*R=037+5 = 1858
V, =1+X, =037« 2652 = 9.8124

= 0.374

H.W2.3: find the total voltage of the circuit as shown in figure (2.7)

R
W

I=0.3A 200 C

60 Hz @ T

5x10° T

figure (2.7)
2.6 (R-L-C) Series circuit:

R L

’L
Vv Vv V,
R L c //]X=XL_XC
® ‘

Ny R o
XL- Xc or X= XC- XL

= L
=
Vr= | *R
Vx=V|-V¢ if Vi>Vc
Vi=1*XL
Vx=V.-V_ if Vo>V
V=1 *X;

V1= /VRZ + Vy 2

2.4.1 RCL Series appear three cases:

1. Inductive characteristic
In this case the circuit is inductive characteristic which the total reactance is positive
because X >X.. The current lags the voltage by ¢ (taken as positive) with the voltage
phasor taken as reference as shown in figure(2.8(a)).

14




2. Capacitive characteristic.
In the second case the circuit is Capacitive characteristic which the total reactance is
negative because X.>X,. The current leads the voltage by ¢ (taken as negative) with the
voltage phasor taken as reference as shown in figure(2.8(b)).

3. Resistive characteristic
In the three case the circuit is resistive characteristic which the total reactance is zero
because X.=X,. Total impedance Z=R The current and the voltage are in phase as shown
in figure(2.8(c)).

Ve g, \v\ . < v __ g *Rﬁf

(a) (b) (©)
Figure(2.8)RLC Series circuit (a) Inductive circuit
(b) Capaitive circuit
(c) Resisttive circuit

Example (2.5): find the Vg,V and V. for the circuit shown in figure (2.9), then draw the

voltage phasor diagram. R
250 Q
120V Lé 650 mH
60 Hz
C
1.5 uF
Figure (2.9)
Solution:
R=250Q

X =2nfL=2*1*60*650*103=245.04Q

Xc

X=
X=
X=

1 1
- 2mfC  2%mx60% 151076

Xe- X
1768.3 — 245.04
1523.26

= 1768.310

ZT: m
Z1=-2502 + 1523.262
Z1-1543.63 Q

15




— _ -1.X
0 = —tan (R)

0 =—tan"! (—1523'26> = —80.67°
250
Vo120
I= 5= 154363 = 00774

Ve =1xR =0.077 » 250 = 19.25@

V, =1%X, =0.077 * 245.04 = 18.86[

Ve =1%X,=0.077 % 1768.3 = 136.15@

Capacitive characteristic because (X:>X.) so the current leads the voltage

H.W (2.4): Find the Vg,V and V. and voltage source Vfor the circuit shown in figure (2.10),
then draw the voltage phasor diagram,

[=054 | "% =

V_.
- -.'f\'\ oF

W

Figure (2.10)

16




2.7 R-L-C parallel circuit:

R

2.5.1 RCL Parallel appear three cases:

1. Inductive characteristic
In this case the circuit is Inductive characteristic, which the current lags the voltage by
¢ (taken as positive) with the voltage phasor taken as reference because I, >1. as shown
in figure (2.11(a)).

2. Capacitive characteristic.
In the circuit, The current leads the voltage by ¢ (taken as negative) with the voltage
phasor taken as reference because I.>I. as shown in figure (2.11 (b)).

3. Resistive characteristic
In the three case is resistive characteristic because Ic=I_ which the current and the
voltage are in phase and total current (I)= I as shown in figure(2.11 (c)).

iy I
ff-fil" h'_:":_ ,: 1:1 I =1,
hl Iy FH I * et Va :‘H
" i
(b) (c)

Figure (2.11) (a) Inductive circuit
(b) Capaitive circuit
(c) Resisttive circuit

17




Example(2.6): find the 1,1, I and the total impedance for the circuit as shown in figure
(2.12).

In I LA¢
Ay Zme Jsonulin
F=60Hz T~ T

Solution: Figure (2.12)
X, =2nfL=21*60*650*10°=245.04Q)
1 1 1
€= we T 2mfC Zm=60+15+10-6 1 083K
Ip = Y129 0484
R~ 250
Vo 120

[[=—= = 0.489A4
L™ X, ~ 245.04

o=~ =229 _ (06784
€7 X, 17683

Ix=1-1c =0.489 -0.0678 =0.4212 A

IT: ’IRZ + IXZ

l+- v0.482 + 0.4212 2

1=0.6384
Z _r_120 188.080Q,
7170638

18




H.W(2.5):

1- find the current through the capacitor and the resistor and the total impedance as shown in
figure in the figure (2.13).

ov (g TRS5Q Y == 100yF
60 Hz C

Figure (2.13)

2-Find the total current and the voltage drop across R and C to the circuit in figure (2.14).
Then draw the voltage phasor diagram.

R
1, 5Q
VWA
10V Er 10%H
E_ m
60 Hz @E

Figure (2.14)

3-Find Ig, I, Ic, I+, Z for the circuit as shown in figure (2.15)

[y

(N
L4l

300V @ s X X¢

50 Q 1SOQT

Figure (2.15)
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Chapter three

Resonance circuit

R XL || X-C
Vr NV I I Ve
X, =X, o
Z:i/RZ + (XL - Xc)z
Z=R

Resonance Frequency

5

1 1
2T =< < C f; fr f2

2= <1l =

f 1 Resonanc Curve

:4><72'2><L(T

Quality Factor (Q)

The Q, quality factor, of a resonant circuit is a measure of the
goodness. or quality of a resonant circuit.

Q—VL -

. I <R R

7
Bw = f, — f, = 2
- f O

20




Example 3.1 20 10Q |IOQ

For the resonance circuit shown below find:
*l, Vg, V|, V. in polar form

*The quality factor (")
*the bandwidth Bw if the resonance frequency 5000 Hg> ulm
X, =X_ (Resonance)
z R >
. - - A

= 22
Eo—1 R —5 22 =10 V
oI e X S.0% 10, =50. Lok
V. —I =X =5 <10 =50 V

X 10

) == L T e 2
g = -
Bw = i 1000 Hz
QO
Example 3.2

The bandwidth of a series resonance circuit is 400-Hz1f the
resonance 4000 Hz, R= 10Q find: Q, X, L, C.

i_ 4000

- 10
_Q Bw 400

X -
Q==L = X,=QxR=10x10=100 O

. 100

= =0.0039 H
2xmwx [ 2x3.14x4000

X g fxl 5 -

in resonance X, =X,
1 - 1 1

X, = = C= = _ =0.00000039 F
= o X, x2xxxf 100x2x3.14x4000
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