EECS 70A: Network Analysis
June 5, 2014

Comprehensive review



Topics covered

KCL, KVL

Nodal analysis

Mesh analysis

Thevenin/Norton theorem

RL, RC circuits (time dependence)
R,L,C circuits

— Phasors

— Impedances

— Transfer function/Bode
— Power



Nodal Analysis(Review)

Based on KCL, use node voltages as circuits variables.

1.
2.
3.

4,

Define a reference node.
Label remaining nodes. (n-1 nodes)

Apply KCL + ohm to all nodes and supernodes (e.g. V, V,, V;, ..

Express all 1’s in terms of v’s

Apply KVL to the voltage source

If one end of voltage source connected to ground, don’t need to
Solve the n-1 simultaneous equations, to find V’s
Use Ohm’s law to find the currents.
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Mesh analysis summary

Based on KVL, use mesh currents as circuit variables.
1. Assign mesh currents i, 1,, ... 1,

2. Apply KVL + Ohm’s law to each mesh

3. Supermesh (if there 1s a current source present):

CASE 1: current source only in one mesh.

— Already have the current for that mesh => no need to write KVL for that mesh
CASE 2: current source exits between two meshes. => create a supermesh

— Apply KVL to the supermesh

— Apply KCL to a node in the branch where two meshes intersect

1. Solve the equations for 1, ,1, ,...1,

(e.g. using Kramer’s rule)

2. Then solve for voltages using Ohm’s law



Thevenin, Norton Theorems:

Thevenin:
a|l. CalculatingV,,:
— < Connect nothing to a-b. Calculate voltage. This is V.
2. Calculating R,;:
Method 1:
Connect terminal a to b (short).
b Calculate the current from a to b. This is call I
M t}?ﬂazz\/th/ Ishort circuit*
. _ ethod 2:
EquwalentI:Q Find the input resistance looking into terminals a-b after
AAAA o all the independent sources have been turned off.
- + (Voltage sources become shorts, current sources
> become opens.)
- Trick (if dependent sources present):
b Apply a 1 A current source to terminals a-b, find V,
R, =V, /1A.

short circuit*

Equivalent to:

9 Norton: .
- - 1. Calculating Ry:
— o R\=Ry,
- 2. Calculating I:
O I=Vi/R




Conversion procedures

l(t) — I i(t)=1, cos(a)t+¢):> I= Imej¢
V(t) 7 V v(it)=V cos(a)t + ¢) — V = Vme”’
I — 1(t) i(1) = Re(l ej“”)

V = v(t) v(?) :Re(VejC‘”)

For the exam, you should know how to carry out these procedures.




Circuits

2 V=IR _ " V=I/joC - éVVjooLI

“Impedance”
Z =R /=1/10C Z =JjoL

KCL, KVL hold for relationship
between V, 1.



Series/Parallel Impedances

7 -1 — 7 1-1 +7 2-1 +7 3-1



i)

Conversion procedures

Given i(t) find v(t):

i(t) = I ~V=1Z.> v(t)

+

V(1) Given v(t) find i(t):

v(t) > V—=I=V/Z 1(t)

For the exam, you should know how to carry out these procedures.
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Input

“Transfer Function”

Linear network >

H((D) — Vout/ Vin

Output



Example Transfer function
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Calculate H(w) for this circuit. Sketch the magnitude of H(®) vs. .

Ve

(Z 3 ) \:2‘-\)

- (Z;\ 2_4)‘\— (2, ”21)

= H(w)



Gain (dB)

Bode example

GAIN vs FREQUENCY
0 1T Find Vout(t) given:
G =100 . .
60 SNi Vin(t)= 1 mV cos ( 2*pi*1kHz*t)
N..\
20 <
40 G =100 S
ﬁ-h%‘hh
30 G=20 ™~
20 | 1] |
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Frequency (Hz)
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3 cos(m t+30deg)

Comprehensive Example

\ Vi 3 kO ,\/3 Solve all currents, voltage§ it
M “;‘:r“; using Nodal. Do again () :?&[:;C }
(e s using mesh.
2mF | o
R — —
= V _
;. TV, Vo
/ ;j"/’ - | K Ve
20° SV, _
_3e =3e €. = K\/-L
/. / /_—T—'/ .‘L Z / JWIV“F —V’
&, = L, /_T_; X [/t,3 - 3
IW 15//1"
J 4('\/ ~ @ o + ‘6/9@
‘ K SN B '—_“_—~ lc
JWemF -
/ -
(N HF, =375 =7 @-@- 7 O
Sk JW 5 K
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3 cos(m t+30deg)

Comprehensive Example

\ Vi 3 kO ,\/3 Solve all currents, voltage§ it
M “;‘:r“; using Nodal. Do again () :?&[:;C }
(e s using mesh.
2mF | o
R — —
= V _
;. TV, Vo
/ ;j"/’ - | K Ve
20° SV, _
_3e =3e €. = K\/-L
/. / /_—T—'/ .‘L Z / JWIV“F —V’
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IW 15//1"
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‘ K SN B '—_“_—~ lc
JWemF -
/ -
(N HF, =375 =7 @-@- 7 O
Sk JW 5 K
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Phasor Example 2

I uH Find Thev Eq Circ + max

pwr txfr load impedance.
% <

4cos(m t+45deg)




Phasor Example 1

%

2 mF

Find v(t).

oIl

O 01
H1 6T

3 cos(m t+30deg)
=
AVAVAVAY,
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Symbol library




Exam cheat sheet

This will be provided with the exam.

radians : 0 £
sin Jff?—ﬁ bé_T
COos VTI %
tan ::—g %

where /- always denotes the positive square

w2
1

] =

V2 V3 V4 0
2 2 2

V2 VI »/0 1
2 2 2

V2 V3

W) VI DNE 0

root, and DNE means does not exist.
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