FE Review Course

Outline
1. Electrostatics
a. Charge
b. Voltage
¢. Current

d. Resistance

2. Circuit Analysis Basics

a. Resistor simplification
i.  Parallel
il.  Series

b. Source Equivalents
i.  Thevenin
ii.  Norton

¢. Node Analysis

d. Loop Analysis

3. Transient Circuits
a. RC Circuits
b. RL Circuits

4. AC Circuits
i. RMS
ti.  Phasor Transforms
iti.  AC impedance
iv.  AC Steady State analysis
5. Power
a. DC Power
i.  Power supplied
ii.  Power Absorbed
h. AC Power
i.  Complex power
1.  power factor

6. Transformers
a. Current and Voltage in an Ideal transformers
b. Impedance seen at the input of an ideal transformer

7. Operational Amplifiers (OP-AMPS)
a. Ideal OP-AMPS
b. solving OP-AMP Circuits

8. Resonant Circuits
a. Series Resonance
b. Parallel Resonance
¢. Quality Factor
d. Bandwidth




What you need to know:

1. Electrostatics
a. Charge
i.  Units: Coulombs (C), 1 C is defined as the charge of 6.24x1016

electrons. The charge of an electron is 1.6x1071° C,

ii. The force of one charge on another charge: F_1£ = &Q—"’za_u’ H

4mer

Where:
Q; = the i the point charge
F_u' = the force on charge 2 due to charge 1
7 = the distance between the two charges
@y, = a unit vector directed from 1 to 2
€ = the permittivity of the medium (how capable is the medium
in which the charges exist of allowing these forces to exist)

A b 1B

b. Voltage — The potential difference between two points, is the work done per unit
charge required to move the charge between two points.

¢. Current — Rate of charge passing across a surface:

; dqQ
= t) = —
I =i(t) T
d. Resistance —~Measure of the ability of charge to move from one point to another
for a given potential difference (voltage). _ /‘)
B pL + & -
F WA paTR
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e. Ohm’s Law V=IR or v(t) = i(t)R
2. Circuit Analysis R\ R z
a. Resistor Simplification e AWW—WW

1. Two resistors in series: Rror = Ry + R,

AV~
y S R1R, Ry |
ii. Two resistors in parallel: Ryor = e
1 2

Ry
b. Node Analysis — Using Kirchhoff’s Current Law (KCL): (3 I = 0) at any node.
Va-Vs
And: IAB = ron

Write a system of equations to solve for unknown node voltages.

¢. Loop Analysis — Using Kirchhoff’s Voltage Law (KVL):(¥ V = 0) around any
closed path,
Write a system of equations to solve for the unknown currents in each branch.

d. Source equivalents — At any port a linear circuit can be simplified into an ideal
source and a resistance
1. Thevenin Equivalent Circuit — circuit is simplified into a series
combination of an ideal voltage source and a resistance.
1. Find the open circuit voltage (V) at the portdf interest



2. Find the equivalent resistance (Ryy )at the port of interest
Or Find the short circuit current (/) at the port of interest

Voc

Rry = 1
sc

if. Norton Equivalent Circuit — circuit is simplified into a parallel
combination of an ideal current source and a resistance
1. Find the short circuit current (/) at the port of interest
2. Find the equivalent resistance (Rpy)at the port of interest
Or Find the open circuit voltage (V,.) at the port if interest

V.
Rpy = oc
Ise

3. Transient Circuits — Circuits that contain capacitors and/or inductors as well as resistors.
Voltages or Current sources are switched on or off at t = 0. Response is analyzed

a. Capacitors: ¢ = %; capacitance for a parallel plate capacitor
dv.(t e
ﬁ i(t)zc_%ﬁt(_)_ (jf),esx ClT "{'\)
= ' DC
. _Ng | -
b. Inductors: L= W b S HoRT n DO
inductance for a coil with N turns and magnetic flux ¢ enclosed in the coil
© =1L di; (t)
V=g

" Requires solving first order (C or L only) or second order (L and C) differential eqns.

4. AC Circuits — Steady state analysis of circuits with (periodic) sinusoidal voltage and ) 3
current sources. (b=l 1] ‘F'
a. Capacitors replaced with frequency dependent impedance Z, = }—3—;—5

b. Inductors replaced with frequency dependent impedance Z; = JwL
¢. Circuit Analysis is simplified from DIFFEQ’s to (complex) algebraic techniques
used in resistive circuit analysis

5. Power
a. DC (Resistive) Circuits
i. Real power P supplied by a source; P = VI

2
ii. Power absorbed by a resistor; P = VE = I2R

tii. Circuits with multiple sources may have some sources ABSORBING
power. (Battery charging)
b.  AC (Complex) Circuits
Complex power; S=P +jQ

Real Power P = (1/2)Vmax1maxcosﬂ
= Vemslymsc050

Complex Power Q = (1/2)Vmaxlmaxsin9




8 is the angle measured from V to 1.

6. Transformers: Two coils in proximity sharing magnetic flux,

N[ NZ
1 : : e
n= N, ; the ratio of the number of turns in the two coils I,
Lol _Inl
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Beware of the Dols]

7. Operational Amplifiers

» Sut GaAiA)
For Ideal Op-Amps: ’ —e |/}

* No current flows into the input terminals

¢ The input terminals have the same voltage

8. Resonant Circuits — Parallel and Series LC circuits have a bandpass frequency response.
This response is located at a center frequency (@,,) and has a bandwidth (BW)

Resonant Frequency: W, = —i—c é{) f‘ w__‘_um_
O

f

Impedance at Resonance:

VL C
] e
Series Resonance:

R wyRC
£t 2. 70

Paralle]l Resonance: Q@ = w,RC = f}:
00 = 2, ||2e P
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8. A.C. Circuits

Whenever a voltage and current change in a circuit, inductance and capacitance must be ac-
counted for. If the voltage is of the form ¢ = Vinax cos {wi-+ @) it must be converted to the eﬁ'eét_ive
or RMS value.

VrMs = {EETIW fé’"fcd vgdt]% for a sine wave Vayps = Z"v,f’z = !%ﬁlﬂ,
w = 2% (frequency in HZ) :
w = % where T' = period in seconds
w is in radians per secqnd
ei? = cosh + jaind

where § = /=1 and represents the y axis

The essential facts in A.C. circuits are:

R _ L C
vp=1igR | v = L% v =4 [idt
£R=% iLz-};fvgdt ic-:cd"‘
' iy, does not change insfanta.neously v, does not change instantaneously

L | -

‘When the voltage and currents are converted to RMS values.

2

Impedance in £ = Resistance in Q£ 7 Reactance in chms
2 /6= R+ jo=R+i(XL—Xc)

Z /8 = Zcosh + jZsind

so R =Zeosy. X =2Zsind

Vi = IpR Vi = IL(iXL). | Ve I(—-jX.).
= Ir Xy 190 = ILXpe® | = LX, /=90= I{;'Xce“jgo
\/ where X1, = wl X.=2 ' -V
- Iy is at 0° | Lisat0®
=% I= Yl = % L= %= ¥ o0
Current is in phase with voltaﬁc_ew Iz, lags Vg,by‘ 90 I, leads V. by 90 I




.Solve for 1, CiIs,IR,IL,L_;
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‘What is the power in the components of the series circuit -

What you need to know:

1. In A.C. circuits power is complex so that:

Apparent or complex power in Volt amperes = Power in watis £j Reactive power in VARS (volt
amperssreactive) " ' |
$/80=P4jQ=35cos0+jssind

2. Resistance is the only thing that dissipates power in watts.

3. VARS can come only from reactance.

4, Inductance causes +j VARS

5. Capacitance causes —j VARS

6. The power equations are:

For R |P}=VIcos® P=|I}R = L@iwatts—
For X;, |Qu]=VIsind jQr=II(iX1) = JYoVARS
For X |Qcl = VIsind —jQ=|IZ|(~iXc) = el vARS

Note: The % means take the conjugate of the quantity (change the sign of the j term).
VA =VI* where V is at 0 degrees

-__% " .
Solution: Ta= MIALZ R S [p
_— 172 — 2 — 200 &" S .
= |T}| R = 14.14%(10) = 2000 watts e @ _ 304
2. §Qr, = [I}|i X1, = 14.14%(j30) = 56000 VARS / .
3. §Qp = |L{*(~jXc) = 14.14%(~j40) = 78000 VARS ' i Yo

4. The generator is supplying 2000 4 76000 - 78000 volt amperes = 2000 — 52000 = 2828 / —-45 VA
5. We get the same result by using

VoI =(260)(14 14 |4 45)" = (200)(14.14 /= 45)=2828 / 45 Volt amperes
= P~ jQ = 2828cosdb — j2828sin45 = 2000 — 2000
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