Electric Circuits

1) Equivalent impedances
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C1
11

L]
8E-9
- C2
6E-9
- C5
—-— C3 6.5E-9
6E-9
- C4
3E-9
-9 —9 —9
C3:=610 F  C4:=310 F C5:=6510 F

1.1: For the above circuit, determine the equivalent capacitance between A and B

Note: capacitors in series add like resistors in parallel

Long way:
Cy(C

ooy
Cr+C3

c23.C,
C234 =
C23+Cy
-9
C234 = 1.5 x 10

C2345:= C234 + Cg

C2345 = 8x 107 OF
C2345.C,
CTotal:= —+
c23s5+ C;
9

CTotal =4x 10 “F

1.2

Short way:

-1

TotC=4x10 F

C2,C3,C4 in series + C5in parallel which are all
in series with C1
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A o 1 ~"_2 1 "2
20uH 10uH

L2 L4 L5
5uH 15uH 20uH

B °

For the above circuit, determine the equivalent inductance between A and B
Ly = 20pH Ly:=5pH Lg:= 10pH Ly:= 15pH Lg:= 20pH

Note: Inductors in parallel add like resistors in parallel....

Long way: Short
9 y: wav*
-1
La-L -1
L= ‘ E Tot [ bats j ! L
4+ L5 oty = 3+ L4
Ly+Lg Ly
_ Tot; = 23.939-pH
L45 = 8571 x 107 OH L -
L345:= L45+ L4
-5
L345=1.857x 10 ~H
L,-L345
L2345:= —————
Lo+ L345
L2345 = 3.939 10~ °H
Lp:= L2345+ L
L = 23.939-pH If students use sL, which is more accurate, or this answer mark
correct.
2) Amplifier circuits
3 u17 Ve
- LT Vout
VI n L1 =0 oy 6
1T A~ _2 2
N




Electric CizuitsFor the RL amplifier circuit, determine fhekekiaytsbipvyetween Vout and Vin. As with

RC ampilifier circuits, KCL is a good starting point. (The power is taken out for simplicity

but the op amp is powered).

Apply KCL at the negiative input node

Il + |2 + |3 =0
( r ( 11 is the current through the inductor.
=2 v dt= E.J (0 Vinydt="2.| v, dt The negative terminal is also 0 since
L) L L) vp=vn and vp is grounded.

VL=0-Vin with current going away from

the node.
= 0 - Vout _ —Vout
2 R R

I3 is zero since there is now current draw in an ideal op amp.

_\/Rout tJ( Vindt +0=0

-R
Vout= —- 1 V;,dt
L)

2.2: What type of op amp is this?

12 is the current through the resistor

It is an integrator (the signal is also inverted, it is ok if students mention this).

u1t7

v+
3 A
V1 c1 o oS
2 R5
it 4o
V- N

1.59E-7 uA741 2K

V-
R AN 2o
MV 1k
2k R4 oy
ANV 31, O
3k v+
R6
6k
s v27 .
V2 LT, L
R3 =0 oy 1 o
a\'A% 2. dRe
% UATA1 V-
L1
1 ~~A_2

1.27H

2.3: In the above circuit V1=V2=1sin(21 f t) where the frequency is 1 kHz.

us3
UA741

Vout

Determine Vout.
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Opamp U1 is a differentiator circuit
dVin

VoutUl =-RC- ot

Voutyy; = —(2-103)-(1.59-10‘ 7)‘(200071)-005(2000710 = _2.cos(2000mt) [V]

Opamp U2 is a differentiator circuit

dv;

-L in

Vouty jp = — - ——
V27 Rt

Voutyj, = =127 1 2000m)-cos(2000m1)] = —4cos(2000mt)  [V]
2.10°
Opamp U3 is a difference amplifier

Note: R4/R2=R6/R5 so the equation can be simplified

R
5
Vouty3 = R—-[—4~cos(2000ﬂ-t) — (—2-c0s(20007t))]
2

Voutyj3 = 2-2-c05(20007t) = ~4-cos(2000mt)  [V]

3) Voltage/Current continuity

R1 R2
NNV AN
+2k — + 3k —
+ 2
+
" T ¢ I1_I1E-6
- 1E-9 _
]

In the above circuit, the voltage is defined as follows:

. vV t<0 (the voltage source turns on at t = 0)

10V O<t A piecewise

solution with
3.1: Determine a mathematical expression for the source. the step
function can
s5+5ut)  When tis zero u(t) = O therefor 5 + 5*0 = 5 2':?*: counted
When t goes to infinity u(t) is 1 therefore 5+5*1= 10

homework.

3.2: Att =0- (just before the voltage changes), for the polarities indicated, determine the voltage
across each component and the current through each component.

At t=0-, the souce is 5V. Since the intial conditions are V1=5V and dc stead state, the inductor is a
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R1

R2

MW\ A%
Voltage divider * *
3 \al
VR = 5V~% 5V
2:10" + 3:10
VR =2V
3
2:10" + 3:10
VRo =3V
Circuit analysis gives the following results
Component Voltage Current
R1 2V 1mA
R2 3V 1mA
C1 3V 0
L1 0 1 mA

3.3: At t=0* (just after the voltage changes), determine the voltage across each component and
the current through each component for the polarities indicated in the circuit.

Because of continuity IL(0-)=IL(0+) like a current source
VC(0-) = VC(0+) like a voltage source

R1 R2
AW MW\
2k 3k
v gy L= ey

Must use Unit 1 circuit analysis
methndel

VRip = 10V - 3V For IC1 use KCL
Vi =7V 3V - 10V
R1b 1mA+( 5 j+|c1=o
\ _ 2:10°Q
o = — 2 35,1073
R1b 3
2:10°0
Ic1 = 2.5mA
|R2b = 1mA

For VI1 use KVL

VRop = 3-103Q-ImA
-3+3+V|1=0

V =3V
R2b -
Vi1=0

3V - 1ovj ~

1ImA + 3
2:107Q

CHECK

-2.5-mA
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Circuit analysis gives the following results

Component Voltage Current
R1 v 3.5mA
R2 3V 1mA
C1 3 V (continuity) 2.5mA (KCL)
L1 0V (KVL) 1mA (continuity)
4) First order circuits
R1
MNV
10k

&) - o

1E-9

4.1: Determine the voltage as a function of time for the source voltage V1 = 10 u(t).

This is the familiar RC circuit with a step function source, which has a solution for t>0 of the
form
RC time constant

t t
V(1) = Aj-expl — | + Ay = Aq-exX + A _ _
=M p(RC) 27" p(1.10—5J 2 10105110 2= 1x 107>

The inital condition at t = 0 is Vc(t) = 0 = A1+A2

The steady state condition as t approaches « (capacitor acts an a open circuit) is Vc= 10 =
0+A2

The two conditions lead to A1 = -10 and A2 = 10

V() = —10-exp( - ) +10 [V
1107 °

4.2: Determine the voltage as a function of time for the source voltage
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B t<0 yia sany

V1=110 0<t<0001 M
0 000l<t

For 0<t<0.001 the solution for part a is the same expression

Veq(t) = —10-exp{ = 5] +10
1.10

For 0.001<t, the solution takes the form

=5

Vo) = A3-exp|:_(t_o'001):| +Ad V]
1.10

For 0.001<t The DC steady state is zero since the source is off, 0 = 0 +A4, givingA4 =0

For 0.001<t, when t = 0.001 we have continuity (and the circuit is in steady since since
0.001>>RC).

V(0.001-) = V(0.001+) = 10V
10=A3+ A4
10= Ag+ 0

Agz=10

Ve (t) = —10~exp[ _t_ 5) +10
110

Vo) = lO-exp|:_(t_0'OOl):|
1107°

ve(t) =

\J|

5. First order switching circuit
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MWV
4k
2 R2
2k
TCLOSE = 1E-4 TCLOSE = 3E-4
1w 1 2 C3 1 2
10 = Y U s
2 R3 N
2 X s =
—| TOPEN = 3E-4

J—

In the above circuit, the voltage source turns on att = 0. Switch U1 closes att = 0.1 ms.
Switch U2 closes and switch U3 opens at t = 0.3 ms (effectively putting resistor R3 in series

with C3 at t = 0.3 ms).
5.1: Determine the voltage across R3 as a function of time for t > 0.

Three regions of interest

t<0.1ms

0.1ms <t < 0.3ms

0.3ms < t

For t<0.1ms, the circuit is a voltage divier with R1, R2 and R3

R
4k
3 =10-—— =4V

Vo=V, —————— =10 =
R3=V1
R1+Ry+ Ry 10K
For 0.1ms<t<0.3 ms, the circuit is an RC circuit. Use a Thevenin transformation

VTH =4V RTH = 2.4k}
The voltage across R3 is equal to the voltage acorss the capacitor. Including time delay

—(t - 0.0001
VR3(D) = V(D) = -Al'exp[(_(s)} +Ay
24-10

The initial condition at t = 0.1 ms is Vc(t) = 0 = A1 + A2

The steady state condition at t approaches « is Vc(t) = 4 = 0+A2

Therefore A1 =-4and A2=4
For 0.3ms<t, the capacitor reaches steady state voltage well before 0.3 ms. Essentially, the
capacitor is an open circuit. Adding a resistor in seires with the capacitor at this point will

not introduce change in the circuit Therefore...

VR3 = Veap =4V
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4 t < 0.1mS
v _ -3ex _0_700061) +4 0.1ms <t < 0.3ms
R3(D) =» 2410°
0.3ms < t



