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Part A: Impedance

Simple AC Circuit
PARAMETERS:
freqs 1k
(V)
e R1 (D)
IR 2.2k +
&, 1k

1181404 _TareqShannak

A

s

{Freqs} is a variable has a list: 0.5k, 1k, 1.5k.

In three frequency cases, there are in-phase and the impedance is almost the same:

Vinax 499
Lpax 1.562m
Z=R= (224 1)kQ = 3.2kQ from theory (Too Close)

7 =

= 3.196kQ from graph




RC Circuit

PARAMETERS:
1K

fregs

s
Pt

P
e I 3
ﬂ\\ !

o’
'/

VA N "L<j

C 100n

R2 1 k
1181404 _TareqShannak

8.5ms
I( 1181404 _TareqShannak)

Because it's a capacitive circuit, current in all cases leads the voltage by a phase shift




Note: when a phase shift is positive, then voltage leads current (inductive), otherwise is the opposite.

F=0.5KHZ
Viax 4999

Lnge 1.1071m

From Graph: Z = = 4.515kQ

) Tppp X360  (2.2474m — 2.4975m) X 360
Phase Shift = - = = —45.018 degrees
Period 2m

1
FromTheory:Z = Ry + Ry + —— = 2.2k + 1k -
rom theory LRt e Tt 05k 00n)

1Z] = J(RZ+ X2) = /(3.22 + 3.1832) kQ = 4.513kQ

3.2— j (3.183) kQ

Phase Shift = tan~12¢ = tan~! —oiooK _ 44 8474
ase 1IC = tan R = (an 3.0k = . egrees
F=1KHZ
F Graph:Z = Vmax 4999 3.614kQ
rom TP = T 13834m
. Tapp X360 (1.1774m — 1.2474m) X 360
Phase Shift = - = = —25.2 degrees
Period 1m
F Th :Z=R,+R, + ! =22k + 1k + =3.2— j (1.5915) kQ
romineory L =T T e T~ j2rn(tky(toon) e W
1Z| = J(R? + X2) = /(3.22 + 1.59152) kQ = 3.574kQ
Phase Shift = tan~12¢ = tan~! —L202K _ ¢ 4434
ase 1IITt = tan R = (an 30k = . egrees
F=1.5KHZ
Viax 4999

= 3.461kQ

From Graph: Z = =
P Imax  L4443m
Typp X 360 _ (0.7973m — 0.8373m) X 360

Ph hift = =
ase Shift Period 0.6667m

= —21.6 degrees

1
FromTheory:Z = Ry + Ry + —— = 2.2k + 1k -
rom theory LRt e Tt sk (100m)

1Z] = V(R + X)) = /(322 + 1.0612) kQ = 3.371kQ

3.2 — j (1.061)kQ

X —1.061k
Phase Shift = tan™?! ?C = tan~! — —18.344 degrees




RL Circuit

PARAMETERS:
freqs 1k

ON©
0.47k s
Y L~ 400mH
R2 <1k
1181404 _TareqShannak ‘

Because it's an inductive circuit, voltage in all cases leads the current by a phase shift




F=0.5KHZ
Viax 4999

= = 1.934kQ
Imax  2.5853m

From Graph: Z =

. Thpp X360  (2.7275m — 2.4975m) X 360
Phase Shift = - = = 41.4 degrees
Period 2m

FromTheory:Z = R, + R, + j2nfl = 0.47k + 1k + j2m(0.5k)(400m) = 1.47 + j (1.257)kQ
1Z| = J(RZ + X2) = /(1.47%2 + 1.2572) kQ = 1.934kQ

Phase Shift = t SR tan~! 1257k _ 40.534.d
ase 1IT = tan R = tan 1.47k = . egrees
F=1KHZ
Vinax 4999
F h:Z = = = 2.898kQ
rom Grap L 17249m 898
. Tapp X360 (1.4174m — 1.2474m) X 360
Phase Shift = - = = 61.2 degrees
Period 1m
FromTheory:Z = R, + R, + j2nfl = 0.47k + 1k + j2m(1k)(400m) = 1.47 + j (2.514)kQ
1Z| = J(R? + X2) = \/(1.47%2 + 2.5142) kQ = 2.912kQ
Phase Shift = tan~12% = ¢t 251k 59.684 d
ase 1IC = tan R = {an 1.47k = . egrees
F=1.5KHZ
Vinax 4999

From Graph: Z = = 3.939kQ

Lnax  1.2684m

oo spife  Tap X360 _ (0.9574m — 0.8374m) x 360 _
ASe S = T period 0.6667m = of.cdegrees

FromTheory:Z = R, + R, + j2nfl = 0.47k + 1k + j2m(1.5k)(400m) = 1.47 + j (3.77)kQ

1Z| = J(RZ+ X2) = \J(1A72 + 3.772) kQ = 4.046kQ

X 3.77k
Phase Shift = tan™! FL = tan™! a7k 68.698 degrees

Vi




Capacitive and inductive behavior

L1
10mH

R 330
1181404 _TareqShannak
L

I(1181404_Tareqs

_ Tppp X360  (1.0369m — 1.2469m) X 360
From Graph: Phase Shift = =

Period im = —75.6 degrees
. . J
F Th X = j2nfL+ —=j2n(1k)(10M) - ——————
romTheory:X = j2nfl + e = j2r(U)0m) = o A oo
— j(62.832 — 1591.5) = —j 1528.7
R = 3300
_ X —1528.7
Phase Shift = tan™!— = tan™! 330 - —77.82 degrees

Where current leads the voltage by 77.82 degrees, so it’s a capacitive circuit

Vil




F = Fo (Resonance Frequency)

5.0V

0 U(1181404_Tar

20mA

I{1181464 TareqS

1 1

T 2nVIC  2my(10m)(100m)

Tapp X 360 (0.2469m — 0.2469m) x 360

= 5033HZ

fo

From Graph: Phase Shift = = 0 degree

Period 0.1987m
1 j
From Theory:X = j2nfL + —— = j21(5.033k) (10m) —
romTheory:X = j2nfl + o = j2n( V(A0m) — e 533k (Loom)

=j(316.232 —316.232) =0
Phase Shift = tan™! X tan~! 0 od
= == — = egree
ase Shi an R an 330 g
The current and voltage signals are in phase.

5.6V

o U{1181484_TareqShani

26mA

0s 28us 4Bus 186us 126us 180us 200us
1(1181484_TareqShannak)

] Tppp X 360  (140.6u — 124.6u) X 360
From Graph: Phase Shift = =

= 57.98 degrees

Period 99.344u
1 J
F Th :X = j2nfL + ——— = j2n(10.066k) (10m) —
romTheory:X = j2nfl + o0 = j2n( )A0m) — S 0.066/k) (100m)
= j(632.465 — 158.111) = j 474.354
X 474.354
Phase Shift = tan™?! e tan™? 330 - 55.17 degrees

Where voltage leads the current by 55.17 degrees, so it’s an inductive circuit.

Vil




Double the value of the capacitor

(VYT)
Cooe M
10mH “
\: 100nF R 330
[ 1181404_Tarequhannak

When we add a capacitor with value 100nF in a parallel with the old one, the total capacitance = 200nF.

5.00

o U{1181484_TareqShannak:
18mA

0s 58us
1{1181484_TareqShannak)

Tppp X 360 (266.847u — 246.846u) x 360

From Graph: Phase Shift = Period 198.689u

= 36.24 degrees

1 J
FromT X = j2nfL +——— = j2n(5. 10m) —
romTheory:X = j2nfl + 2= j2n(5.033k)(10m) — oot Goom)

= j(316.233 — 158.111) = j 158.122

R =330Q

,158.122
330

X
Phase Shift = tan™! e tan~ = 25.6 degrees

Where voltage leads the current by 25.6 degrees, so it’s an inductive circuit.

IX




Double the value of the inductor

L1

/ v ¥ v 3

VA 100nF 20mH

[ 1181404_TareqShannak

s
I1{1181484_TareqShannak)

Tppp X 360 (276.129u — 246.127u) X 360
Period 198.689u

From Graph: Phase Shift =

J
21(5.033k)(100n)

1
F Th X = j2nfL + ———=j2n(5.033k)(20m) —
rom Theory j2nf +j27rfc j2n( )(20m)
= j(632.466 — 316.233) = j 316.233

R = 3300

_,316.233

330 - 43.78 degrees

X
Phase Shift = tan™?! i tan

Where voltage leads the current by 43.78 degrees, so it’s an inductive circuit.

= 54.36 degrees




Sinusoidal steady state power

VPeak

Vems = \/7

= Vpogre = V2 X1 =1.4142v

R1 L — - R2

) Ty > 120mH

. * *
220 _ 1181404_TaregShannak

V, = 564.112m, I; = 4.1396mA, Vy,00 = 910.716mv

Tppp X 360 (845.629u — 845.629u) x 360

F h: Ph hift = =
rom Grap ase Shift Period 198.689u

= 0 degree

_ szoQ _ 910716mv

R =
I,  4.1396mA

= 2200Q

0
L 2 *
[ ]
; **W 470nF 220
R1 L R2
=il 120mH
R & \
vy .
220 1181404 _TaregShannak

V. =564.112mv, I, = 3.5322mA

Tppp X 360 (545.611u — 665.618u) X 360
Period 198.689u

From Graph: Phase Shift = = —217.44 degrees

X Ve _ 564.112mv ! +10(3.5322mA 499nF
= —_— = = . e d =
I~ 35322ma ~ 2mpe T 10( mA) = ¢ n

Xl




e e

I C1-470nF ‘

. Rz<220
R1

joomd
R 10 .-,-

\ * -
220 1181404_TareqShannak

V, =564.112mv,I;, = 636.301ud

Tppp X 360 _ (785.626u — 665.618u) X 360
Period 198.689u

From Graph: Phase Shift = = 217.44 degrees

ooV _sealtomy
—_ e —— e d =
.~ 636301ua M m

w1
+

R

220

470nF

&
l 1181404_TareqShannak

V, =564.112mv,I;, = 2.5641mA

Tapp X 360 (665.618u — 665.618u) X 360

F G h: Ph Shift = =0d
rom Graph: Fhase shi Period 198.689u egree
R _ V220Q _ 56411277117
B "~ 2.5641mA
Vv 1 Practical Value Phase Shift
564.112mv 4.1396mA - 0
564.112mv 3.5322mA 499nF -217.44
564.112mv 636.301ud 70mH 217.44
564.112mv 2.5641mA 2200 0
Rzzo{ﬂ 910.716mv

Xl




