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Outline

* Sinusoidal Time Domain Analysis

 Review:

« Sinusoidal, Average and RMS
 Phase Shift and Phase Relationship (Lead, Lag)

» Element Response (R, L, C)
e Series RLC Network
* Parallel RLC Network

» Example
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Introduction

* [n most power and communication systems, alternating current (AC) is
the standard form of electric power used.

* Power generation and transmission:

* Transmitting AC power at high voltages and lower currents is ideal as it minimizes
transmission line losses, which are proportional to the square of the current
(Power loss: Pyygs = Ichonductor)

 High voltage transmission is a more cost-effective solution for power distribution.
At the load end, AC/DC rectifier circuits can convert AC to the required DC form.

« Communication systems and information theory:

« Communication systems utilize various data modulation techniques, including
amplitude, frequency, and phase modulation.

« Advanced communication methods employ higher-order modulations for data
transmission.
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Time Domain (TD) Analysis

e Passive elements: R, L and C.

 Assume sinusoidal signals (periodic)
* Integration and differentiation of sinusoidal signals are sinusoidal signals.

* v(t) =V sin(wt + ¢,), i(t) = I, sin(wt + ¢;)
« v(t) and i(t) are the instantaneous value of voltage/current

» V,, and I,,, are the max/peak values (amplitudes) of voltage/current

21T

w IS the angular frequency (rad/sec) and is equal to w = 2nf = - A

f is the frequency in Hz

T = % IS the period in secs

¢ 1s the initial phase angle

« Sinusoidal signals are defined by 3 parameters:
e V./Im, wand ¢.

-17/2 0 T2 T 3mm/2 21 5m/2
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ead/Lag Phase Relationship in Time Domain

* Phase relationship between v and i:

* Lead
* Lag

* Example:

12/17/2023

 v(t) = 10sin(wt 4+ 30°) V
e i(t) =5sin(wt +70°) V

* i leads v by 40°
* vlags i by 40°
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Average and Effective (RMS) Values

* i(t) = L, sin(wt)

Im'__"ﬁ""""""""""_"""

1, /V2 _
¢ lapg =7 [ i) dt = — [T i) d(wt) / \ )
o Iy = i [ Ly sin(wt) d(wt) = ;ﬂn(— cos(wt))lz(;T =0 \/

—I,,

\ A=

1 2T .
* Lrms = legr = \/E foan(t) d(wt)

e« L. = \/’ﬂ 77 sin2(wt) d(wt) = \/i—"; [77(1 = cos?(wt)) d(wt)

IZ
Tt (Zn 0) =
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Element Response: Resistors

* v(t) and i(t) are in phase

 [nstantaneous power:
e p(t) = i(t) x v(t) = I,V,, sin?(wt)

* Average power:

* Let -i(t) = I,.n sin(wt) i(t) 2
* Resistor (R): N V'(t')' _ 4
 v(t) =R X i(t) ;

* v(t) = Rl,, sin(wt) = V,,, sin(wt) ,

* Vn = Ry, _)VrmS:%:erms 1

\/E 0

T2 m 3m/2 21

o

1 21 : Vinl

. Pavg — o fO Ime Slnz(a)t) d(a)t) — mzm — Vrmslrms
Vinl 1,9 Vis

*Pawg =75 =R =24

2
Vrms

— — J2 —
* Pavg T I/‘I"TI’lSI‘I"TI’lS T IrmsR -
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Element Response: Inductors

e Leti(t) = I, sin(wt) i(t)
* Inductors (L): _:Jgg?m_
e v(t) =L X dl(t) (Faraday’s law)
e v(t) = wLl,, cos(a)t) =V, cos(wt)
* Reactance: X; = wL (Q)
* Vi = Xpl = Vs = =222 = Xy L
* v(t) leads i(t) by 90° or i(t) lags v(t) by 90°

] 0 w2 m 3m/2 2m

* [nstantaneous power:
e p(t) =i(t) x v(t) = I,V sin(wt) cos(wt) = Vm 21 sin(2wt) = Vpolrms Sin(2wt)

* Average power:
1 21 . Vinlm 2T .
* Povg == ImVi sin(wt) cos(wt) d(wt) = yo Jy sinRwt) d(wt) = 0

2w Y0
« Power Is stored/retuned to the source = net average power =0
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Element Response: Capacitor

e Leti(t) = I, sin(wt) i(t)

* Capacitor (C): >
e i(t) = C X d‘;f) + v(t) -
c v(t) == [i(t)dt dqq=Cv N
o v(t) = ;—Zlm cos(wt) =V, cos(wt) ar L= CE

* Reactance: X, = ;—2 (Q)

_ Xclm

* Vm =Xchn = Vims = Vz Xclrms

* i(t)leads v(t) by 90° or v(t) lags i(t) by 90°
* [nstantaneous power:

« p(t) =i(t) X v(t) = I,V sin(wt) cos(wt) = %sin(Zwt) = Vs lrms SIN(2wt)

* Average power:
1 r2m . Vinlm c2m .
* Pavg = 5= Jo " ImVin sin(wt) cos(wt) d(wt) = ym Jy sinQRwt)d(wt) =0
« Power is stored/retuned to the source - net average power =0
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R.L Series Combination

* i(t) = I, sin(wt) | i(t) R 1
* v(t) = vgr(t) + v, (t) =Ri(t) + L d;(tt) + >\ \N—F000
* v(t) = Rl,, sin(wt) + wLI,, cos(wt) v(t)

* v(t) = I,|R sin(wt) + wL cos(wt)]
* v(t) = I,VR? + w2L? sin(wt + ¢,) = V,, sin(wt + ¢,)

* Vi = InVR? 4+ 0?12
* Impedance: |Z| = ‘I/—m = s — \[RZ 22 (Q)| oo

m IT'mS f(z) = asin(z) + beos(z)

We shall show that this is a sinusoidal wave

* v(t) leads i(t) by ¢, or i(t) lags v(t) by ¢, fle) = Asina + )
- . . . and find that the amplitude is A — /a% + 5% and the phase ¢ — arctan —
» Indictive circuit S S
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R.L Series Combination

<
c0< ¢, <= is +ve 7 X y
— ¢z — 9’ ¢z Q\ wl
* ¢, = 0 - Resistor only b,
* ¢, = m/2 => Inductor only R

e p(t) =i(t) X v(t) = L,,V,, sin(wt) sin(wt + ¢,)

¢ p(t) = [cos(¢,) — cos(2wt + ;)]
* Py = % fozn I, V,,, sin(wt) sin(wt + ¢,) d(wt)

* Prpg = 2 [[cos(,) — cos(2wt + ¢,)] d(wt)

41T

Ime
* Pavg — TCOS(¢Z) = VimsIrms €0s(¢)
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R.L Series Combination

* Power Factor: pf = cos(¢,)
c0<pf <1
* pf =1-2> ¢, = 0 -> Resistor only
 pf =0 -2 ¢, =m/2 > Inductor only

* When power factor =1 - unity power factor
« Assume we have v(t) =V, sin(wt)

* Then, i(t) = Illz—mlsin(wt —¢,) = U

VR2+4+ w212

—1 wlL

sin(wt — tan
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R,L.,C Series Combination

12/17/2023

ity R L
* +
: i i + - Fw(t)- o
General Case: RL, and C are in series v(t) VR(t) L(t) vo(t)
i(t) = I, sin(wt) _ -
v(t) = vp(6) + v, (8) + v (®) = Ri() + LE2 + 2 [ i) dt

v(t) = RI,, sin(wt) + wLl,, cos(wt) — ﬁ I,,, cos(wt)

v(t) =1, [R sin(wt) + (wL — i) cos(wt)] =V, sin(wt + ¢,)
g, = tan (“252)

v, = Im\/RZ + (L —i)z

wC
2
Impedance: |Z| = ‘I/’" = Jrms _ \/RZ + (wL — ﬁ) Q)
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R,L.,C Series Combination

1

wWL——
¢, = an~t (£522)

VA VA
o — < —
1
e If WL > —
wC
* ¢, Is positive = Inductive Circuit

* v(t)leads i(t) by ¢,
o If WL < —
wC

* ¢, IS negative - Capacitive Circuit

* i(t) leads v(t) by ¢,

°Ifa)L=i

wC
* ¢, is 0 - Resistive Circuit (Series Resonance Condition) > [Z]| = R

 i(t) and v(t) are in phase
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R,L.,C Series Combination

e p(t) =i(t) X v(t) = L,,V,, sin(wt) sin(wt + ¢,)
2TC

* Pag =52 J, " [cos(,) — coswt + §,)] d(wt)

LVim
* Pavg — TCOS(¢Z) = Vrmslrms cos(¢;)

* Given that: |Z| = Vrms

rms

* Pavg — Izmslzl cos(¢,) = IﬁmsR
2
* Note that P,,,;, # V’”}?S In this case as v(t) is across R,L, and C altogether

* Power Factor: pf = cos(¢,)
c0<pf <1
 pf =1-> ¢, =0 -> Resistor only
 pf =02 ¢, = +r/2 -> Inductor or Capacitor only > Need to know lead/lag?
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R,C Series Combination

 Special case from the previous discussion (L = 0)

1
° |Z| Z\/Rz +a)2C2

1 1 i R
° — -1 | _wC — — -1(_= +—>_‘VVV
¢, = tan ( R ) tan (a)RC) +vr(t)- LT
* ¢, is negative = Capacitive Circuit v(t) C ve(t)
 i(t) leads v(t) by ¢, - )

* Pavg = Vemslrms cos(¢;)
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R,L,C Parallel Combination

i(t)
>
n ") Yi(t) Yic(t)
. vit) R L —TC

v(t) =V, sin(wt)
i(t) = ig(t) + i () +ic(t) =

i(t) = V?’"sin(a)t) — iVm cos(a)t) + wCV,, cos(wt)

v(t) dv(t)

+ = f v(t)dt + C

i(t) =1V, F sin(wt) + (a)C — iL) cos(wt)] = I, sin(wt + ¢y)

w

« Admittance: |Y| = ‘I/’" = Irms \/(%)2 + (wC —iL)Z (1/Q)

m Vims w
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R,L,C Parallel Combination

o
h<
I
(-r
Q
:I
[N
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‘8
QO
Al
e[~
N~

T T
o__< <_
2—¢Y—2
o If wC > —
wlL

* ¢y IS positive - Capacitive Circuit
 i(t) leads v(t) by ¢y
If wC < —
wL
* ¢y IS negative - Inductive Circuit
« v(t) leads i(t) by ¢y

Ifa)C=i

wL
* ¢y is 0 > Resistive Circuit (Parallel Resonance Condition) = [Y| = %

* i(t) and v(t) are in phase
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R,L,C Parallel Combination

e p(t) =i(t) X v(t) = L,,V,, sin(wt) sin(wt + ¢y)
2TC

* Pag =22 J, " [cos(py) — cos (2wt + ¢y)] d(wt)

LVim
* Pavg — TCOS((pY) = VimsIrms cos(¢y)

* Given that: |Y| = rms

rms

1\ _ Vs
* Pavg — Vr%nslyl cos(py) = V;”%ns (E) ~ TR

* Note that P,,,; # I7nsR in this case as i(t) is the total R,L, and C current

* Power Factor: pf = cos(¢py)
c0<pf <1
* pf =12 ¢y = 0> Resistor only
* pf =0 -2 ¢y = +m/2 -> Capacitor or Inductor only > Need to know lead/lag?
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Example

* If V, = 100sin(500t) V,i(t) = 2.5sin(500¢t) A.
* Find iy (¢),i,(t), L and Py, .
 Sketch the waveforms of all quantities on the same graph.

e Solution:
e w = 500rad/sec .
—1 —10° / = {;F PI .
" oC  sooxtoo . 204 4 : ’ﬁml J‘EH}
» R and C in series: i%ﬂ:) t'i‘;” ..
2 == AF
. |Z] = \/RZ +(=-) =20vz0 . -
1
¢ g[)z = —tan (M) = —45°
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Example

e i,1(t) = —sm(SOOt —¢,) = £\/O_ Sm(SOOt + 45°) A

e i,(t) =i(t) — i (t) = 2.5sin(500¢t) — sm(SOOt + 45°) A
* i,(t) = —2.5co0s(500t) = 2.5 sin(wt — 00) A

Vin
¢ m2=25=_

wL
Vm

o L = = 0.08H

* Payg ==Vl cos(¢pz) = 0.5 X 100 X 2.5 = 125 W

5

2
ﬁ) %20 = 125 W

* Payg =5 124R = 05><(
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