EE242:Electric Circuits |
Chapter 1 Tutorial

Sinusoids and Phasors
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Sinusoids and Phasors (1)

» Check Example 9-1, 9-2 (Page 375)
» PPO9-1:

Given the sinusoid 30 sin(47t — 75°), calculate its amphtude phase,
T N — e
angular frequency, perlod and frequency

I Ve Yo Yaie

> 9-1 Solution:

Amplitude = 30,

phase = =759,

angular frequency = 4nrad/s,
frequency = 2 Hz,

Period = 0.5 s.
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Sinusoids and Phasors (2)

» Check Example 9-1, 9-2 (Page 375)
» PP9-2:

Find the phase angle betwee
i; = —4sin(377t + 55°) and i» = 5cos(377
1/7

=z
Does i, lead or lag i5? {\
/\/\/\N

sin(wt = 180°) = —sinwt

cos(wt = 180°) = —coswt
sinfwt = 90°) = *coswt
v" Since cos ot= sin(mt+90°) cos(wt = 90°) = Fsinwt
i, =5sin(377¢ ,ﬂQO +90°) =5smn(377t +50%)

i, =—4sin(377¢+25°) = 4sin(377¢ +180° +25°) = 4sin(377¢ + 205°)

» Therefore, 1, leads 1, 1%0. 2 \ O

9-2 Solution:
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Sinusoids and Phasors (3)

» Check Example 9.3, 9.4 Page 381

» PP 9.3: Evaluate the following complex numbers:
NS T -
(@) [(S + j2)(—1 + j4) — 5/60°]*
10 +j5 + 3/40°

O 3554+ 10/ +(3)

> Solution

—19 [ <te0

L@ (5+32)(-1+j4) = -5+j20-j2 -8 = -13+j18
) 5.60° = 2.5+74.33

: : . A
(5+i2)(-1 +j4) = 5./60° = -15.5+]13.67 \ A (7‘ )
[(5+i2)(-1+j4)—5.60] = -15.5— j13.67 @ D )

~)

(b)  3.240° = 2.298+1.928 b
10+j5+3.240° = 12.298+(6.928 = 14.115./29.39°
3+j4 = 5/126.87°
10+ i5+3.240° 14.115.29.39°
=344, T 542687
2.823./-97.48° = -0.3675—j2.8
1030° = 8.66 + 5

: - ¢
10+J§+§f4° +10.230° = 8.293 M 2 '_f,/ 2y
= +.]

=2.823£-97.48°
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Sinusoids and Phasors (4)

» Check Example 9.3, 9.4 Page 381

» PP9.4: . .
Express these sinusoids as

(a) v = 7 cos(2t + 40°) V Lol conor = 180 = oo
(b) i = —4sin(107 + 10°) A 4 .

sin(wt = 90°) = *coswt

cos(wt = 90°) = Fsinwt

> Solution

(@). V=7/40°V

(b). Since -sin(A) = cos(A+90°);
V(t) = 4cos (10t+10°+90°) = 4cos(10t+100°)
Transform to phasor => I = 4/100° A
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Sinusoids and Phasors (5)

e Write the phasors for A and B, if wave A is the
) —~—
w ave.
R \ '
" A\ ¢J t er division
5 7{\2‘ § 'A\ \ <

NEEVAR
.
]

0 =57.6° A=@0°V B

NIMAW
ARRNVATIRRNY

. m— ._\’
> Solution <

ATTTINTY
Vi / o
; ‘ l‘. ‘/&\y
@ \,9»993

U @&

0/360° = At/T

0 /360° = At/T

6 /360° =4* 1ms(minor
division)/5*5ms(major div)=4/25
0 =360%"4/25=57,6°

/

NOTE |

VA

Minor Major
Division Marks Division

An Oscilloscope Graticule.

Take a look at the oscilloscope display.
Notice the grid markings on the screen - these
markings create the graticule.

Each vertical and horizontal line constitutes a
major division. The graticule is usually laid out
in an 8-by-10 division pattern.

Labeling on the oscilloscope controls (such as
volts/div and sec/div) always refers to major
divisions.

The tick marks on the center horizontal and
vertical graticule lines (see Figure 1) are called
minor divisions.
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Sinusoids and Phasors (6)

1. What is the instantaneous voltage at t =3 pus, if: Vp =10V, f =50 kHz, (9\29_0,?
N\/\NW\/\W

2. What is your phasor form?

Solution

1. General sine wave equation: 2. The sine wave equation obtained:
v(t) = Vpsin(a)t - 9) I

v(t) =10Vsin(2z 50kHz-t)|

Substitute all the values given,
v(t) = 10Vsin(27 S50kHz - t)

At t=3ps, In phasor form, 1 O V L 0 © |
v(3ns)=8.09v
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Sinusoids and Phasors (/)

Transform the sinusoids corresponding to phasors:

—
V=-10Z£30°V _ .

) . sin(wt = 180°) = —sinwt

I =35 -712) A | cos(wr = 180°) = —coswr

| — S sin(fwt = 90°) = *coswt

> M cos(wt = 90°) = Fsinwt

a: Since -cos(A) = cos(A+180°);
v(t) = 10cos (wt+30°+180°) = 10cos(wt+210°)
v(t) = 10cos(wt + 210°) V
a)=2 10v<210°

b) Since I =12+j5 =+122+5 ztan"(%) = 13£22.62° b)>13A<22,62°
i(t) = 13cos(wt + 22.62°) A
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Sinusoids and Phasors (8)

A Qo

If v, = sin(wt — 30°) V and v, = 20 cos(wt + 45°) V, find v =
— L\ ~

’\’\/2 A 2O NI YR

+ ¢ Using phasor to add sinusoids

\J = [0 cos (whib0) — O
o =20 eosLht ) — 20
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Sinusoids and Phasors (8)

If v, = =10 sin(wt — 30°) V and v, = 20 cos(wt + 45°) V, find v =

v, T+ V-
> M sin(wt = 180°) = —sinwt
1- Since —sin(A) = cos(A+90°); cos(wt = 180°) = —coswt

sinfwt = 90°) = *coswt

=2 vi(t) = 10cos (Wt-30°+90°) = 10cos(wt+60°)
=>» Transform Phasor FORM =>10<60"
=>» Transform Rectangular FORM =>10(cos(60°)+j sin(607))=5+j8.66

cos(wt = 90°) = Fsinwt

2-v2(t) = 20 cos (wt+45°)
=» Transform Phasor FORM =>20<45"
=» Transform Rectangular FORM =>20(cos(45)+j sin(45))=14.14+j14.14

—1( 228
VI() + v2(1) =5+i8.66 +14.144j14.14= 19.14+j22.80= V (19.142 +22.82) < w1 )

. Answer: v(r) = 29.77 cos(wt + 49.98°) V.
: 4 C\/\ —~
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Example 10- Phasors and Circuit Elements
» Check Example 9.8 (Page 387)
» PP9.8: Z

If voltage v = 10 cos(100r + 30°) is applied to a 50 uF capacitor, cal-
N~

culate the current through the capacitor.
» Solution ~—~—"~———

» Use the polar form

-1
joC .
where @ =100rad/s and V =10 /30
c=50 uF=5x10""

\
‘ 4 ’\/52-7

&

V.

I=VjoC= IOMJIOO ©5x107°

=V joC=10/30"V 0005 /90°
., Answer: |50 cos(1007 + 120°) mA.
I =V joC =005A/,120° N )

0.05
1073
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Example 11- Resistors Combination

Determine the input impedance of the circuit at‘ ®w=10 ﬁd/sec.

| — S ——

—

Solution:

Let Z; = impedance of the 2-mF capacitor in series with the 20-Q resistor
Z, = impedance of the 4-mF capacitor
Z-; = impedance of the 2-H inductor in series with the 50-Q resistor

1 1

Zi = 20+——= 20+~ 20~ 50
T i i(10)2%107) '

By : =25 B
27 JeC ja0)@Ex107)

Zs = 50+ joL = 50+ j(10)(2) = 50+ j20

=72 +1s || Z3 .=Z1+Z2Z3/(Z2+Z3)
Zo = 20— 50+ I22XO0+120) _ o6 1504 1238 —723.76
-125+50+ 320

Z, = 2.38-{73.76Q
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Example 12- if we are going back to t, we can use sin

or cos as phasor reference i
. . . 4Q
Determine v(7) and (7). AN
_— +
v, =5 sin 10z 7 02H = v
C N _

Solution: V, = 5£0°, @ = 10
Z= 440l = 4+ 2

4452 1644
Vo= joLl = j21 = (2290°)(1.118£-26.57°) = 2.236.263.43°
L ————— _\L
v(t) = 2.236 sin(10¢ + 63.43°) V
i(t) = L1IS sin(10t — 26.57°) A

I =V /Z= = ] =j0.5 = 1.118£-26.57°

Therefore,

/
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Example 13- Circuit Analysis Using Phasors (1)

» Check Example 9.9 (Page 389)
» PP9.9:

Refer to Fig. 9.17. Determine v(¢) and i(7).

Answer: 8.944 sin(10r + 93.43°) V, 4.472 sin(10z + 3.43°) A.

5= 20sin(10r+30°) v ()

RAras
263 ) 30
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Example 14- Circuit Analysis U%hasors
] 5Q

» Findiand v,
NS

> Solution:

VWV

[

> Elements in Frequency domain A

% ow=4 rad/s

w 4

Time domain

Freq domain

v, =10cos 4/ V., =10£0°
C=0.1F X,

1
—_j(—)=—725
J(wc) J

» Circuit in Frequency Domain

=\

-

V, =10.£0° @

N

5Q
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Example 14-Circuit Analysis Using Phasors

» Findiand v, a-the current, i
> Solution: < The current in series circuit,
1=
i 50Q 7
S T

< Total impedance is;

V, =100° (o :
) < —j2.5 ZT =5+ (— ]25) » Better performed i

—5— ]25 ~559/-72656°0 Rectangular form

=+
(29
hYl

V 10£0°

_ S
I — » Better performed

Z. 559/-2656°  rio
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Example 14-Circuit Analysis Using Phasors

> Findiand Ve b-The voltage, V-

» Solution:
o V. =1Z,
— A = (1.79.£26.56°)- (- j2.5)
Vo100 () . =(1.79.£26.56°)-(2.5£—90°)
: |=4482-63.44°) |

» Better performed
in Polar form

‘\J\c&l) = 4,9 C‘-@%(/L#—g;/ﬁ’/ﬂ J
) = VAR cos (Af + 26
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Example16- Raasor Diagram )W —

Lo )50

Element Impedance

» Solution: R P

If we assume I=1<0°A

L Z=joL
C Z:L
joC

< In the Capacitor (C), Voltage | AGS
charging current by 90° or Charging
Current (I) LEADS Voltage (E) by 90°

< 1. C. E.
T‘% Ve
>

ro—)s®

/}' .
/> ZIT=ZL+IR+ZC=j50+10
] _ < In the Inductor (L), Induced Voltage LEADS current by 90°
+ -J 5 O_ 1 O or Current (I) LAGS Induced Voltage (E) by 90°.
» Vs and VR are in
phase
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Example 17 - Phasor Diagram: Parallel RLC
AssumeV =1/0V > && &W\\\‘)%\

: EM[ v" The reciprocal of impedance.
» Solution: =

v Symbol is Y.
Y/C ; v Measured in Siemens (S).
1/R=0,2S,. i\ y
R —/ =
feo ik
—_ +
Is@ .333,: J01s 028V
- S\ = — B
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Example 18

a. Find i(t)

T 600 Change the waveform of Vg,
IVVV\’ » Using identity: n
v,1=20cos(4t-90°@ . + oy .
T g sin(wt £ 180°) = —sinwt
v, =10sin (4 -15°) () | cos(wt = 180°) = —coswt

[sin(wt + 90°%) = icoswt]

> Solution: cos(wt = 90°) = Fsinwt
. 4 Z,=60Q
Different waveform of V; — AW
= Vs, and Vs, are different: N B
v, =2020° @ :22 =-25Q| Z,
=20 4t —90° ' T

Bt COS( ) v, =104-15°@ R
v, =10sin (47 —15°)

= When analyzing ac circuit, it is expedient to
express both signals as either Sine or Cosine.
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Example 18

a. Find i(t)

i
1t 600
M
v, =20cos(4t -90°@
10mF =  SH
v, =10sin (4 -15°) (")
» Solution:
LN !\7\1/\7\(609
=== === _____';
V=204 () 12,=-j250] Z,=j20Q!

v, =104-15°@

———————————

Elements in Frequency
domain

» w=4rad/s

Time domain Freq domain

v, =20sin4/ V,, =20£0°
v, =10sin(4/-15°) | V., =10£-15°

R=60Q R=60Q
C=10mF XC=-j(i)=-j25
oC
L=5H X, = joL = j20
Find The Current
[= 1

L

Vi=vg+vy,| Zr =4 +(22 ”Z3)




Example 18

» Solution:

V, =20£0° "9 :

v, =10/ -15° '*9 |

1Z,=-j25Q|

I ~

———————————

———————————

Solution:

V,=29.66—j2.59=29.77£-4.99°V

Z, =60+ j90=108.17£56.31°Q

[=0284-61.3°4
- i()=0.28sin(47 —61.3°)4




Example 18

» Solution:

V, =20£0° "9 :

v, =10/ -15° q) |

1Z,=-j25Q
~

———————————

———————————

(b) Find the v_(t), v,(t)

Answer:
V.=V, =28,287°V
~ V() =v, (t) =28sin(4r +28.7°)

(c) Find thei_(t), i (t)

Answer

I.=1.12/1187° 4

I, =14/-613°4
~i.()=1.12sin(4r+1187°)4
=i, ()=14sin(41—613°)4




@mple 20 3 C[ > Solution:
EXx: Fin% P ZZI z3' z'r' and@
Vs =101V£0°

Z,=3.61kQQ/18.38°

R, =5kO

X, =440 Z,=8.41kQ /18 .2°

R, =6kQ Z, =987kQ /31 .4°

X, =2kQ

R =7k I, _ s 1 0tmAs—31.4°
X, =3kQ Z;

R, =8kQ

‘“b( /o) b(/)/
2 L5
2 42=R3+(R4//XL3) h

25 Bo-r0 "o =
e )g}:)ﬁ:z \ ?@ - p\ "



Mobile User




Mobile User




Mobile User




Mobile User




Mobile User


= &UW\@V\% Atultder M@“"“’*“e\r
lon &2 ol 2O
b4 2 Fon T24)1 o

Y, ’j‘ 7 ) s

QL‘Z _ @/%?é /,.?\/25 XV\A



Mobile User




Mobile User




Mobile User


