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otivation 1
C)—mC — kv
How determlne v(t) and ILB

i 50 ¢

—
. ’é@ ok @)\9! e s
v.(t) = 10V M IRy
\J SN XY
cxr [ om
 N——

How can we apply what we have learned before to
determine i(t) and v(t)? 3
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Sinusoids (1) AS

e A sinusoid is a signal that has the form of the
sine or cosine function.

e A general expression for the sinusoid,

i@ ®)

v(t) A v(t) A

w" B . R ‘{(1)1 = /‘\\ / R
v, b “\/Zn 3n\/11t Bk -v, k g\/r %\/T .

(a) (b)

A sketch of V,, sinwt: (a) as a function of wt, (b) as a function of 7.

where
Vm = the amplitude of the sinusoid
e an r frequency in rWs

the phase (®_=0_in above sketch)
- the argument of the sinusoid

r-«&[g
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Sinusoids (2)
Amis one that satisfies v(t) = v(t + nT), for

integers n.

v, = V. _ sin wt

vy =V, sin(wr + b)

The starting point of v, in Fig. occurs first in time.

Therefore, we say that v, leads v, by ¢ or that v, lags v, by ¢. S
If ¢ # 0, we also say that v, and v, are out of phase. It ¢ = 0, then
v, and v, are said to be in phase: —

WWN
e Only two sinusoidal values with the same frequency tan be
cQmpared by their amplitude and pha e

e If phase difference Is zero, they are_in phase; if phase
diffefence is not Zéro, they are(ou% of pha§é. 5
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We can transform a sinusoid from sine form to cosine form or vice versa.

sinfwt = 180°) = —sinwt
cos(wt = 180°) = —coswt / > +cos wf
sinflwt = 90°) = *coswt ad

cos(wt * 90°) = Fsinwt S

3 2q0)
ol = eSO

Tt = cos (VIR

= = ofw(whrao)
— ceg(wh) = SV (M%:#Cﬁ}

L e (b) sin(wt + 180°) = —sinwt.
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g}@ Sinusoids (3) .

— (i’%‘ ':CA/Q%
Example 1 J, i W‘\/: 2\)'_3

Given a siqusoid,@in(@ calculate its

amplitude, phEse,Vanc__;_Ll_Ia\r_rﬂeg\Ll_e/mcy, period, and

frequency. T l I
72X\ ‘\’b —6© g [ I:’é‘:zl’

Solution: o~ i

Amplitude = 5, phase = -60°, angular frequency
= 4nrad/s, Period = 0.5 s, frequency = 2 Hz.
C S~———
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Example 2 pgzg
=2

Solution:

The amplitude 1s V,,, = 12 V. chr\
The phase is & = 10°. _5 T: = &9
The angular frequency i1s @ = 30 rad/s. &

, 27 27
The period T = o 50 0.1257 s.

1
The frequency is f = v = 7.958 Hz.
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CompYen nuwer ol (o) (8 o
Lo\ B nasor (1)

e A phasor is a complex i S
number that represents the
amplitude and phase of a | :
sinusoid. - T g
~— J !

b :
e [t can be represented in one ) ' E:
of the following three forms:

a. Rectangular z=x+jy =r(cos¢g+ jsmn @)
b. Polar z=rZ¢

. _ L id = Jxt 1y
c. Exponential z=re FENX 1Y
where y
¢ =tan"' =
X
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Phasor (3)

Mathematic operation of complex number:

1. Addition

2. Subtraction

3. Multiplication

4. Division

5. Reciprocal

6. Square root

7. Complex conjugate
8. Euler’s identity

zi 42, = +x,)+ j(y, +»,)
zi—z,=(x = %)+ j(y, — )
2,2, =11, L@ + ¢,

Z_h

—=—Z¢ -9, ©

z,
L

z r

Jz =lr £¢/2

Z =% jy—r/Ld=re "’

e/’ =cosg=+ jsin ¢

=) |

10
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Phasor (4) T
e Transform a sinusoid to and from th
dormain to the phasor domain:

T
oD V. st ) - V)4

(time domain) (phasor domain)

o Amglitude and phase difference are two principal
concerns in the study of voltage and current sinusoids.

e Phasor will be defined from the cosine function in all our
proceeding study. If a voltage or current expression is in
the form of a sine, it will be changed to a cosine by
subtracting from the phase.

11
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Phasor (2)

Example 2
Try it at home.

e Evaluate the following complex numbers:

[(5+2)(=1+j4) -5260°] —->

d.

rvw o
10+ j5+3.240° ¢ +104300 S
b. L 3—|—J> |
Solution:

a. -15.5 + j13.67
b. 8.293 + j2.2

12
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(el - 289 ]

—\%.¢ 4y 3,66 AN
- o _

( (loH%)Jr(%QO)) L (1o/3°)

(=31
6,295 1 22
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Phasor (5)

Example 3
Transform the following sinusoids to phasors

~—> i(t) = 6cos(50t - 40°) A , ))
v(t) = —-4sin(30t + 50°) V ¢/ 4/\
>
Solution: (%

a. 1=6£-40° A
b. Since -sin(A) = cos(A+90°);
v(t) = 4cos (30t+50°+90°) = 4cos(30t+140°) V

Transform to phasor => V=4/140° V 13
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Phasor (6)

Example 4:

Transform the sinusoids corresponding to
phasors: ‘

a. V=£10430°V
b. I=j5-j12) A
e

Solution:-10 /30 = (-1)(10/30)= (-1+j0)(10/30)=
(1/180)(10/30)=10/210

a) v(t) = 10cos(wt -jM) Voo
b) Since ! =12+ =V12°+5" Zan(7) = 13£22.62
i(t) = 13cos(wt + 22.62°) A

14
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Qo [ 50+
i) = —— :
z> o cos(wh 4210 -
Yyl 2223
Biespe

{(t) =
2 Cog(wh 22 z{;}
& a
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Phasor (7)

The differences between v(t) and@

is instantaneous or time-domain

represe?,tat-'rer-r\
V is the fg:g;_en?c‘aor phasor-domain

represen
v(t) is time dependentfv 15 noj
v(t) is always real with no complex term, V is

generally complex.
: - © O @

: Phasor gnal;cshs_a,a@es only when frequency is

constant; when it is applled to re sinusoid
signals only if they have the/same frequency:.
?\ 15
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Phasor diagram

W AW

pu
A phasor diagram showing V =V, & andI =1, Z—_H /(\

Imaginary axis
A

v‘y, iQm

m
Leading direction ) Al
— aAs = WO

¢
> Real axis
) -6
I / Lagging direction
m ——

—

/
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Sinusoid-phasor transformation

Time domain representation Phasor domain representation
V,, cos(wt + (b) -— >vm
N -
JQ Vasin(fwt + @) — ¢ 05(!},\" "’?‘ 95 V., Z(b<— 9Oo>'l/
X e '
1, cos(wt + H) _7\\ I, ZQ
Im Sin(‘wf - H) Im /H — 90

17
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Phasor (8)

Relationship between differential, integral operation
in phasor listed as follow:

v(t)\ — V=VZgy

_ LN dv
7 dt @V

— . (W
\‘[va’t o
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Phasor (10)

e we can derive the differential equations for the following
circuit in order to solve for v (t) in phase domain V,.

AN
20 cos(4r—15°) 10 mF =

Z\(\d QMC/ 7
6\({'% % deo +20v, = —@sm(m 15° )%

il

° However the derivation may sometimes be very tedious.

Is there any quicker and more systematic methods to do it?

<

19
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&\f@\p Phasor (11) s
. The answer is YES! XVL
& = T

Instead of first deriving the differential equation

and then transforming it into phasar to solve )
for V, we can transform all thﬁ%ﬁ_ (
Qam@r\\ents iInto phaso @ then apply the (

KCL laws and other theorems to set up a )
phasor equation’involving V, directly.

20
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Phasor Relationships
for Circuit Elements (2)

Summary of voltage-current relationship

Element Time domain Phasor domain

vdpr A

/A

&)
|

=
o v=1L V @/,
Z\~\ L g

¢ v @/ izC@ V A
N d -

@;‘“L 6\ "-»L
9@ 21
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~ \
R =42 % N =
Impedance and Admlttance (1)
C,L =

* The mpedanjgz of a circuit is the ratio of the phasor
voltage V to the phasor current |, measured m@ms Q-

——

From Ohm’s Law: &6 CMVQT’% & ~é&;}2n
Q(’u\ ‘W\O’

where R = Re [ Z ] is_the resistance and X =Im [ Z] s the

reactance Positive X is for L and negative X IS fo()

P ——

* The admittance Y is the reciprocal of impedance,

‘measured in S|emen >_ g @J
«> V ?___ (@D
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Impedance and Admittance (2)

Impedances and admittances of passive elements
Element Impedance Admittance
R o 1
~ ™~ Z=R Y =%
L ) 7 = ] ol — Y:#
i / joL
. 7= 7 ) Y = joC
oC

23
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Impedance and Admittange\(3)-

After we know how to convert RLC components
from time to phasor domain, we can transform
a time domain circuit into a phasor/frequency
domaln circuit.

Hence, we can apply the KCL/KVL laws and
other theorems to directly sef et up phasor
equations involving our target variable(s) for

‘Solving.

—

24
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Phasor Relationships
for Circuit Elements (4)

Example 6

The voltage v = 12 cos(60r + 45°) is applied to a 0.1-H inductor. Find
the steady-state~urrent through the inductor.

_J
ﬁ?ution: ® = 60 rad/s — \P\\me
v = 12 cos(60t + 45°), and V = l2{45° V.

For the inductor, /= joL = j60 X 0.1= 6/ 920° g

Hence,
Vv 12/45°
[=—— = L_o=2—45°A
JwL 6/90

Converting this to the time domain,

i(t) = 2 cos(60r — 45°) A

25


Mobile User


N
—
)
(O

N
T



Mobile User




Mobile User


Impedance and Admittance (5)

Example 7 Find @ and in the circuit shown

Solution:

From the voltage source 10 cos 41, @ = 4, %= 10co : v

V. =10/0°V

The impedance is

V l
Z=5+——=5+——=5-1250 VYR

J +
Hence the current
o . |
LV 100 106+ 29 W @
7 5-j25 52425 )
QoI

= 1.6 + ;0.8 = 1.789/26.57° A

The voltage across the capacitor is

1 1.789/26.57°
V=1Z.= =
€ jwC j4 % 0.1

1.789/26.57°

0.4/90°

= 4.47/-63.43°V

i(t) = 1.789 cos(4t + 26.57°) A
v(t) = 4.47 cos(4t — 63.43°)V

26
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V780 cos( 426 8P A\
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summary: /)

» Circuits analysis are hold in the phasor domain
or more commonly called frequency domain:

VAN

* Moreaover, the variables to be handled { voltage
@are phasors, which ar
numbers. -

N

 All the mathematical operations involved are
now in compliex domain.

27
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Impedance Combinations (1)

e
I Z Z, Zy
— L +—{ +——{
V *tv,~ VT

+
v _

| Semity | monimrotn

e =
Zeq

+ lll I, Iy L=L:L+L+...+L
Zeq V Z, Z, Ly
IG) \Y Z, Z, Zy
Y - -~ - qu=Y1+Y2+-'-+YN

A)czrfcr\Tf\ ,
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Impedance Combinations (2)
Q\ L

Example 8

Find the mput impedance of the_circuit . Assume that the
circuit operates at @ % 50 rad/s.
Solution:

Z,, = Impedance of the 2-mF capacitor
Z, = Impedance of the 3-() resistor in series with the10-mF

capacitor
Z; = Impedance of the 0.2-H inductor in series with the 8-{)

resistor
zZ, = - : = —j10Q
' jeC  jSox2x 10 !
1 |
Z,=3+—=3+ —_=(3-2)0
2 joC soxtox 10 o

Z, =8+ joL =8 + j50 X 0.2 = (8 + j10) Q

(3 —j2)8 + j10)
. =72Z,+71,|Z;=—j10 +
in 1 ‘_” 3 J 1] +]8

(44 + j14)(11 — j8)
117 + 8

= —j10 +

IO mF »

Q %

VAW
)
o]

C?2

—j10 + 3.22 — j1.07 = 3.22 — j11.07 £}

29
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)\WC\ ]605( Zylog%’
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2L~ Swl 2 6@9(@/2@2 J16


Mobile User




Mobile User




Mobile User




Mobile User


	Slide 1:  
	Slide 2: Sinusoids and Phasor 
	Slide 3: How to determine v(t) and i(t)?
	Slide 4: Sinusoids (1)
	Slide 5: Sinusoids (2)
	Slide 6
	Slide 7: Sinusoids (3)
	Slide 8: Example 2
	Slide 9: Phasor (1)
	Slide 10: Phasor (3)
	Slide 11: Phasor (4)
	Slide 12: Phasor (2)
	Slide 13: Phasor (5)
	Slide 14: Phasor (6)
	Slide 15: Phasor (7)
	Slide 16: Phasor diagram 
	Slide 17:    Sinusoid-phasor transformation 
	Slide 18: Phasor (8)
	Slide 19: Phasor (10)
	Slide 20: Phasor (11)
	Slide 21: Phasor Relationships  for Circuit Elements (2)
	Slide 22:  Impedance and Admittance (1)
	Slide 23: Impedance and Admittance (2)
	Slide 24: Impedance and Admittance (3)
	Slide 25: Phasor Relationships  for Circuit Elements (4)
	Slide 26: Impedance and Admittance (5)
	Slide 27: Summary:
	Slide 28: Impedance Combinations (1)
	Slide 29: Impedance Combinations (2)

