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Problem 4.2

¥dxx  CIRCUIT DESCRIPTION
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vpir3onc1o

11020DC2

R1 131

R2212

R3105

R42010

.PROBE

.END
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Problem 4.2

wokkx  SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C

e 2 ke o 3 she 2 o s e she s sl s e e sk e o s e ok sk ok bl sk ol sk e sk Sk s b e a0 Sk okl b 3 s sk o e b e she sk sbe Sk 3 b b e e ok sk 3k ke i b ok sk e okl sk 3 s ok Rk ok ok ok

NODE VOLTAGE NODE UOLTAGE NODE VDOLTAGE NODE UDOLTAGE

( 1) 9.0909 ( 2) 10.9090 ( 3) 10.0000

UOLTAGE SOURCE CURRENTS
NAME CURRENT

U1 -9.091E-01

TOTAL POWER DISSIPATION 9.09E+00 WATTS

JOB CONCLUDED

TOTAL JOB TIME .72
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* Equivalent Resistance calculation

ww*%  CIRCUIT DESCRIPTION
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M o 1 Dc 1A

Hi 2 1 Ddelta 20 — RDD DC T4 O 20 ol
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.END
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* Equivalent Resistance calculation

Wk SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C
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NODE UOLTAGE NODE UOLTAGE NGDE UOLTAGE NODE UDOLTAGE

( 1) -8.0000 ( 2) 8.0000 ( 3) 8.0000

A
VOLTAGE SOURCE CURRENTS Note T4 wae 4

NAME CURRENT \/C.’L) T 8
Ddelt 8.000E-01
era R. = V(1)
TOTAL POWER DISSIPATION 0.00E+00 WATTS lih - — - - 8
.L(L)

JOB CONCLUDED

TOTAL JOB TIME .83
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* Equivalent Resistance calculation

*#x*  CIRCUIT DESCRIPTION

ke sk s 0 e s o o B o s S ke s b e s o 3 e ol e 5o s b o s s 3o o e oo s s 5 o o b 3 e oo o 8 e oo s sk b e sk s sk ke oo sk ke o o sk ok 8 o o 8 ke ok o sk o

B 0 1 DC 1A
H1 2 1 Udelta 20
Udelta 2 3 1] 0

Rt 2 0 40
R2 3 0 10
DC 1 01 20 01 & powWwth DC SwWeep .

N for paobe. .

JOB CONCLUDED

TOTAL JOB TIME 5.37
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EEAP 243 Lab Work:
Lab 8 Questions Due:

NON-LINEAR OP-AMP CIRCUITS
READING ASSIGNMENT: Horowitz, pgs. 124-127.

Abstract:

This laboratory will examine the principles and operation of non-linear op-amp circuits. The
Schmitt trigger exhibits hysteresis and is often used to "square up" analog signals. The comparator
is often used to monitor the presence or absence of analog signals. Effectively, these circuits
convert analog signals into 0's or 1's. The performance of these circuits in the presence of
simulated "noise" will be examined.

As a pre-lab exercise, you should determine the sx’;vitching points and output voltages for the
comparator and Schmitt trigger circuits and the voltage and resistor values needed to modify the
Schmitt trigger. Remember to connect +V¢¢c to +15 Vand -V to -15 V.

Part 1 - Tﬁe'Comparator and Noise

When an op-amp is used without feedback, it is said to be "open-loop". Under these conditions the
gain of the amplifier is A(IN*+-IN-) where A is on the order of 100,000. For (IN*-IN-) > +150 1V,
the theoretical output is higher than + V¢ and the output will saturate at +15 V. For (IN+-IN-) <
-150 UV, the theoretical output is lower than -V and the output will saturate at -15 V. The region
of linear operation is very small and, for the most part, the amplifier's output will saturate at either
+15 V or -15 V, depending on which of its inputs is greater. This type of circuit is known as a
"comparator” because it compares the two input voltages to see which is greater and produces an
output which is one of two states (+15 V or -15 V), depending on the result of the comparison.
The circuits used in this part compare the input voltage at the inverting input to a "reference”
voltage at the non-inverting input. Other configurations are possible; the reference may be on the
inverting input and both the reference and input voltages may be any voltage between +V and

-Vcc-

Ry
A
AN,
4.7k
1 kHz
10V,
0V DC
, Ry

7:1% 1 volt

Figure 1 - Com-parator circuit

-1-
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(1)
@

©))
4
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Build the comparator circuit of Fig.1.

Display points A and B simultaneously on the oscilloscope and record each waveform
in Table 8.1.

Carefully note the phase difference between A and B and note the two switching points.
Set the DC offset to +3 V. To do this, set the scope channel connected to point A to 2
V/cm. A +3 V DC offset will make the triangle wave jump up 1.5 cm when the mode is
switched from AC to DC.

Record the waveforms in Table 8.2 and make note of the phase difference between A
and B.

Repeat step 5 for a DC offset of -3 V.

A "noisy" signal can be thought of as the sum of a desired signal and other, unwanted signals.
The result is a signal which generally follows the desired one, but which deviates from it. If a
noisy signal is fed into a comparator, the noise will cause unwanted changes of state at the output
as the desired signal crosses zero volts.

¢y
@
©))
4)

)

+15
Ry
820
Rj3
1 kHz
Vpp el
-3V DC /— vt

Figure 2 - Signal + "Noise" generator

Disconnect the signal generator from your circuit and adjust its output to that shown in
Fig.2.

Build the circuit shown in Fig.2. Plug in the transformer. The transformer produces a
sine wave at 60 Hz, which is added to the 1 KHz from the signal generator.

If the composite signal at A is not around 14 Vp_p you have not connected the circuit
properly.

Display the waveforms at A and B and record them in Table 8.3 making special note of
the phase difference between them. It will not be possible to get an absolutely stable
trace on the oscilloscope.

Make note of exactly what takes place when the waveform at B changes state.

-2-
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Part 2 - The Schmitt Trigger and Noise

The amplifiers you built in Lab 6 and 7 used negative feedback - a resistor feeding the output signal
back to the inverting input. By using positive feedback - a resistor feeding the output back to the
non-inverting input - the two switching points can be moved further apart. Consider the circuit of
Fig.3 and assume that the input is zero, that the output is +15 V, and that R = R3. R and R3 set
the voltage at the non-inverting input to +7.5 V, (IN*+-IN-) > 0, and the output is indeed forced to
+15 V. If we raise the input to +7.50015 V, then A(IN+-IN-) =-15 V and the output switches to
-15 V. This changes the voltage at the non-inverting input to -7.5 V which makes (IN*+-IN-) very
negative, maintaining the output at -15 V. The output will stay at -15 V until the input drops to
7.50015 V which will make A(IN*-IN-) = +15 V, setting the output to +15 V, setting the non-
inverting input to +7.5 V. This makes (IN*+-IN-) very positive, maintaining the output at +15 V.
We can summarize the operation of the circuit by saying that, when the input goes above the upper
switching point, the output will go negative and stay negative until the input goes below the lower
switching point. This characteristic is called "hysteresis" and this type of circuit is called a "Schmitt
trigger".

PLEASE CALL A TEACHING ASSISTANT TO CHECK YOUR DATA BEFORE

CONTINUING.
+15
R, 0.05uF
4.7k 6 o B

0.05uF

R3 1 :—_l;
T WA MN——

2.2k R,

- 10k
Figure 3 - Schmitt trigger

@) Build the Schmitt trigger circuit of Fig. 3 with R = 10K and R3 = 2.2K.

(2)  Display points A and B simultaneously on the oscilloscope and record each waveform
in Table 8.4.

3 Carefully note their phase difference and the two switching points.

(4)  Slowly vary the DC offset between +3 V and -3 V and observe what happens at point
B.

-3-
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+15

Ry Re
F90X RED 1.8k A
MA—— W
4700
r R
BLUE
Rj
1 kHz AAA
6Vp-p R,
3V DC

Figure 4
The Schmitt trigger can be used to eliminate signal noise.

(1)  Disconnect the signal generator from your circuit and set it as shown in Fig. 4.

(2)  Build the circuit shown in Fig. 4 and plug in the transformer. Select a variable
supply voltage and standard values for R1, Ry, and R3 so that the switching
points are +1 Vand -7 V.

(3)  If the composite signal at A is not around 14 Vp_ you have not connected the circuit
properly.

(4)  Display the waveforms at A and B and record them in Table 8.5 making special note of
their phase difference. It will not be possible to get an absolutely stable trace on the
oscilloscope.

&) Make note of exactly what takes place when the waveform at B changes state.

-4-
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Questions:

1. (@
(b)

©)

2. (a)
(b)
©)

3. (a)
()
©)
(d

4. (a)
(b)
©
@

What are the two switching points?

Describe what point B does as the triangle wave goes from its lowest to highest and back
to its lowest voltage.

Explain why the relative phase acts as it does when you change the DC offset.

Describe the input waveform.
Describe why point B changes state several times before stabilizing.
Why does this sort of comparator have problems with a "noisy" signal?

Calculate the switching points without using your experimental data.

What switching points are indicated by the scope?

Why aren't they the same as your calculated values?

Explain why the signal at point B acts as it does when you change the DC offset.

Show your calculations for Ry, R, R3, and Vy.

How is the output different from that seen in Part 1?

Why is a Schmitt trigger better at handling signals which contain undesirable noise?
Are both Rj and R3 really needed?

-5-
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wiokok 02/21/93 23:03:52 *#wiksskwinx Eyaluation PSpice (Jan 1992) *xkssissskbnsons

Simple op-amp analysis using voltage controlled voltage source

**%*  CIRCUIT DESCRIPTION

e sk she ke o ok e ke ofeofe o e sheshe e ofe ok sk shesfesfeshe ke s ok sk she sk sk e she e ke s ke sk ok ok ok sk sk st she sk e sk ok sk e sk sk s sfeofe e oe ok sk e sfesfe sk sk she sk sk sk sk skeosk

V¢ 1 0 DC 1

Rs 1 2 1000

Ri 2 0 200e3

Rf 2 4 10e3

El 3 0 2 0 -10e3
Ro 3 4 5e3

R1 4 0 4e3

.probe

.end

okkk 02/21/93 23:03:52 *xdkkkdokkokkk Eyaluation PSpice (Jan 1992) #kokkkokobkkokeskokok

Simple op-amp analysis using voltage controlled voltage source

*kd%  SMALL SIGNAL BIAS SOLUTION  TEMPERATURE = 27.000 DEG C

e sk ke ke oe o ke e ke o ofe e e he ke o o she ke e se s ok Sk sk sfe sk sfe e ke e o ok ok sk sk sk ok sk ok sfe e se e ofe e ok ok sk sk s e e ke sk ok sk sk e sk ok ok sk sk ok ok e sk sk ok ok
sekeskskkok

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 10000 ( 2) .0027 ( 3) -27.4180 ( 4) -9.9697

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vg  -9.973E-04
TOTAL POWER DISSIPATION 9.97E-04 WATTS

JOB CONCLUDED
TOTAL JOB TIME 1.22



kack 02/21/93 23:08:33 ****kkkkkkdk Evaluation PSpice (Jan 1992) Hkkksskeseseseseeses

Simple op-amp analysis using voltage controlled voltage source

*¥**  CIRCUIT DESCRIPTION

3k ok ofe o e o sfesfe ke ek s e ke sk she ok sk ke ok sk ke ke sk shesfe ok sk she ke ok sk sk ke o ok sk sfe o ok sk e e ok sk ke e ok ke sk ok sfe e e sk e oke ok sheofe sk ofe o sheofe ke ke ke ke sk ok ke

V¢ 1 0 DC 1
Rs 1 2 1000
Rf 2 4 103
Rl 4 0 4e3
SUBCKTOPAMP 1 2 4 5
RI 2 1 200e3
El 3 5 2 1 103
3

Ro 4  5e3

.ENDS OPAMP

X1 2 0 4 0 OPAMP
.probe

.end

ekidek 02/21/93 23:08:33 **kkkkkdododok Eyaluation PSpice (Jan 1992) koo

Simple op-amp analysis using voltage controlled voltage source

*ikk  SMALL SIGNAL BIAS SOLUTION  TEMPERATURE = 27.000 DEG C

3k sk ok sk e ok e sfe ok e ke sk fe ok ke e sk sheshe sk e she sk sk sk e ok st sfe s ok sk sk ke ke sk ok ke e ok ok o oe ok ke sfe o sk sfesfe ok s sk e sk sfe ke sk sfe e sk ke ok sk e ok she ke ke sk ok sk

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 1.0000 ( 2) .0027 ( 4) -9.9697 (X1.3) -27.4180

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vg -9.973E-04
TOTAL POWER DISSIPATION 9.97E-04 WATTS

JOB CONCLUDED
TOTAL JOB TIME 90



*xkk 02/21/93 23:16:04 *****xxx%%% Eyaluation PSpice (Jan 1992) *¥skkkiikokeskokkok

Simple op-amp analysis using 741 library model

*¥¥*%  CIRCUIT DESCRIPTION
skokofe sk kool kol sk ok ke ok kot s ool sk kool sk ok ke ok ok sk ok sk ok ok ke sk ok ks sk ke s ko sk ks sk ko sk ko

V¢ 1 0 DC 1
Rs 1 2 1000
RE 2 4 103
RI 4 0 4¢3
X1 0 2 5 6 4 uA74l

VvVCCl 5 0 DC 12
VEEl 0 6 DC 12

.LIB EVAL.LIB

DC vg 0 1 01
.probe

.end

kkek 02/21/93 23:16:04 *ddkkskskskkkk Byaluation PSpice (Jan 1992) *skskokedekeseakskokonokok

Simple op-amp analysis using 741 library model

*k4%  Diode MODEL PARAMETERS

e ok ok ke e e she o ok e ke e e ke s she sk ske ek sk ke ok sk ke ke sk sk sk ke ok sk sk ofe e ok sk sfe e o skesfe ke sk sk s ke ok e ke e sfe ke ofe ofe e o o sfeofe ke ofe ofe ke ke sk ek ske e sk e

X1.dx
IS 800.000000E-18
RS 1

krxk 02/21/93 23:16:04 ****k*kkkkkkk Evaluation PSpice (Jan 1992) *#skkkkskkakakoponadok

Simple op-amp analysis using 741 library model

**+%  BJT MODEL PARAMETERS

e ok e fe e o sfe e sfeofe o she e sfe he e ok sk ke ohe ke e e ok ok sk s sheshe s ske e ke ke ke ok ok sk Sk sk o ofe e ofe e ofe e o ok sk ok s sk ke e ok sk sk sk sk sk ok sk sk sk sk ok ke sk skok ok

X1.gx
NPN
IS 800.000000E-18
BF 93.75
NF 1
BR 1
NR 1

JOB CONCLUDED
TOTAL JOB TIME 3.35



5v
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"Simple op-amp analysis using 741 library model" 02/21/93 23:16:04 27.0°
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*xAk (02/21/93 23:23:05 Hkkkskkxkkkk Byaluation PSpice (Jan 1992) *¥kskkskkododkokskok
Schmitt trigger using uA741 model
*¥%%  CIRCUIT DESCRIPTION

ke ok sk e sk 3k ok sk ke sfe ke e ok sfe sk e sk e sk she sk e e sfe e ke ke sheske sk she sk she ke sfeshe sk ke e sk sk sk sk ok o ok sk e sk ke sk ok sk ok sk ok sk ok ok o ok ok ok ok ok sk sk skeok sheoke
Vg 1 0 DC 1
Rs 1 2 1000

Ra 3 0 1e3

Rb 3 4 10e3

Rl 4 0 4e3

Xl 3 2 5 6 4 uA741

VCCl 5 0 DC 12
VEEl 0 6 DC 12
.LIB EVAL.LLIB

DC Vg 0 12 0.1
.probe

.end

*akx 02/21/93 23:23:05 *****kkkkkkk Evaluation PSpice (Jan 1992) #dokkkkkskkonrkok
Schmitt trigger using uA741 model

*#4%  Djode MODEL PARAMETERS
e sk sk ofe ok ok sk ke fe ke o she ke sfe ke e sk Sk b e e ke e ok ok sk s sk sfe e e ok ok ok ok ok ok ok o sk s s sl ke e ofe e ke ke ok 3k sk sk e e ke ok ok sk sk e sk ok Sk ske sk sk ok sk sk skok
X1.dx
IS 800.000000E-18
RS 1

kiek 02/21/93 23:23:05 ****ksokdokkk Eyaluation PSpice (Jan 1992) #kskkkskkkokokk
Schmitt trigger using uA741 model
**%*  BJT MODEL PARAMETERS

okt ko okok ok sk ok ok ok ke sk skl sk ke ke el sk sk ok sk ke e ke ok ok ke ook koo o
X1.gx
NPN

IS 800.000000E-18

BF 93.75

NF 1

BR 1

NR 1

JOB CONCLUDED
TOTAL JOB TIME 22.80



*kkk (02/21/93 23:33:53 Hkkskodkskkodokkk Evaluation PSpice (Jan 1992) Hkkoksokokiokok koo k
Schmitt trigger using uA741 model

**¥%  CIRCUIT DESCRIPTION

ke ke ofe ok sk ok ok ok 2k sk ok ok sk ok ok sk ok o sk ke e ok ke sk ok sheofe ok sk ofe sk ok sk kol sk ok ok ek sk sk ofe kel sk ek sk ok Sk skeoke sk ket ke sk s sk sk sk skoke sk sk ok

Vg 1 0 PWL@OO 100u12)

Rs 1 2 1000

Ra 3 0 1e3

Rb 3 4 10e3

Rl 4 0 4e3

X1 3 2 5 6 4 uAl4l

VCCl1 5 0 DC 12
VEE1l 0 6 DC 12
.LIB EVAL.LIB

.TRAN 1u 100u
.probe

.end

*xdk (02/21/93 23:33:53 Hkkkkkkkkkk Eyaluation PSpice (Jan 1992) *skokkkakskokdeskskkok
Schmitt trigger using uA741 model

**¥%  Djode MODEL PARAMETERS
st s e sk e sese s s o o o ok ok e s s ok se s ok s ke sk s e e s s s e e ks s e ok sk e s ok ok sk s s e e ke sk sk sk sk s o s o ok ke ok ok e ke ke ke ok ok
X1.dx
IS 800.000000E-18
RS 1

*xAk 02/21/93 23:33:53 Hdkskksxkskkdodkk Byaluation PSpice (Jan 1992) #kskkskkakokekskokakidok
Schmitt trigger using uA741 model

**%x  BJT MODEL PARAMETERS
3ok 3k k¢ 2k ok 2k ok ok ke ofe sheoke kel ke sk e sk e sk she ok she ke sk ke stk o she ok she e st ske sk e ok ske sk sk sk ok o sk sk ke sk ok sk ok sk ok sk ok sk ok sk ok ok ok sk sk ke ke ok skeok sk ke ok
X1.gx
NPN

IS 800.000000E-18

BF 93.75

NF 1

BR 1

NR 1

okek 02/21/93 23:33:53 #kdkdkdkkokkkk Evaluation PSpice (Jan 1992) ##skakskodokskoksk ks k %
Schmitt trigger using uA741 model
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*x%%k  INITIAL TRANSIENT SOLUTION  TEMPERATURE = 27.000 DEG C

ke ok ok ok ok ok ok sk ke ok ok sk s sk sk sk sk ke sk ke she ke sk ke sk sk sk ke ok ske ke she ke sk e e sheske sheske o e ok e ke sfe ke sheske sk she ok sfe sk sk sk ke sfeske skeofe kel ek sk kol skl skeok
sesfeske sk ok

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 0.0000 ( 2)-79.76E-06 ( 3)-99.49E-06 ( 4)-297.1E-06

( 5) 12.0000 ( 6) -12.0000 (X1.6)8.773E-06 (X1.7) -.0308
(X1.8) -.0308 (X1.9 0.0000 (X1.10) -.6078 (X1.11) 11.9600
(X1.12) 11.9600 (X1.13) -.5939 (X1.14) -.5939 (X1.53) 11.0000
(X1.54) -11.0000 (X1.90) -.6104 (X1.91) 40.0000 (X1.92) -40.0000
(X1.99) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vg  -7.976E-08
VCC1  -1.337E-03
VEE1  -1.337E-03
Xlvb  8773E-11
Xlve  1.100E-11
Xlve  1.100E-11
X1.vlim -6.104E-04
Xlvlp -4.061E-11
Xlvin  -3.939E-11

TOTAL POWER DISSIPATION 3.21E-02 WATTS

JOB CONCLUDED
TOTAL JOB TIME 10.53
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v(t) & Beit
where the el®t is assumed.

The real (as opposed to complex) time-dependent waveform can be written as v cos(wt+0) = Re
{vel®+8} where Re denotes the real part of the rectangular form obtained using the Euler identity.
A complex voltage V(t)=Vpcos(wt+0) can be written in phasor form as

V =|Vlei® = Ve

where the vertical bars denote the magnitude of V and ei®t is assumed.

[Do problems 3-13, 3-14, 3-15 and 3-17 ]

The advantages of phasor notation will be shown in the following section in which ac problems
will be easily solved using Ohm's Law and complex currents, voltages and impedances expressed
in phasor form.

14.8 AC circuits, phasors, impedance
The real voltage (or any other type of waveform) is the real part of the phasor voltage

v = Re|Veiot), etc.

instantaneous  phasor

R:  v=iR 9=Ri
L: Lg% J=joLi
C: i=Cdd—‘t’ i=joce

where @=2nf radians/second and fis in Hertz.
V= R1+JcoL1+ (R+J0)L+J—01T};
The mput nnpcdancc is then given by

L
Z= ; =R+ J(CDL mc)

The circuit is in series resonance when
) .
e
The frequency for which this occurs is the resonant frequency ®, and is given by
-1 -9
0oL oC
Therefore,
=_1
™ =iIc
and
1

fo =
" 2mIC
The mput admittance is simply the reciprocal of the impedance

-5-
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48.11 Capacitors
A capacitor can be simply defined by the relationship

q=Cv
where C is the capacitance in farads, q is the charge on the plates and v is the voltage between the
plates; however, just like an inductor the voltage current relationship for a capacitor cannot be
written without using integrals or derivatives.

+q 1| -q C
.
AN
v
C
Using the above definitions we can write the "Ohm's Law" for a capacitor as

=99 _ cdv
=g =

or, in integral form, as

V(t)=V(t0)+%f ic(t) dt

0
The energy stored in the capacitor can be computed as
V()

We = f v(Oi(t) dt = [ v(Cdd—‘t’)dt= ] Cv dv

v(0)
which is usually written in the more useful form
We =2C[v2() - v2(10)] joules

48.12 In

L e

An inductor, unlike a simple resistor, requires a differential or integration relation to describe the
relationship between voltage and current. For the inductor, this form of "Ohm's Law" is

=pd
"= Ly
or, in integral form,

i(t) = i(to) +% vL(t) dt

0
The energy stored in the inductor is

WL=]p(t)dt=f(L%)(idt)=f Lidi
0 0 {

0
which is more commonly written in the more useful form

WL =1L[20) - %(10)] joules

-6-
Copyright 1990 F.Merat



48.1 mbining in i

Inductors and capacitors obey rules very similar to resistors for combining. Remember that you
CANNOT combine inductors AND capacitors. You can only combine like components.

For inductors in series:

N
Lequivalent = Z Lq
. n=1
For inductors in parallel:
S

. n =
For capacitors

Lequiv alent =

[N
@ =l""|._.

in series:
1

Cequivalent =

Mz

1
1 Cn

For capacnors m parallel:
N

Cequivalent Z Cn

n=1

Example:
Simplify the complex network of capacitors and inductors shown below.

08 H

—m

1

o

— IuF

Y

2H
1~ 3uF

3H
which can be reduced using the above expressions

Combining the two series capacitors and the two parallel inductances:

-
Copyright 1990 F.Merat



Where the parallel capacitances and series inductors can again be combined to give:
20H

—_ Y\ ____

1~ 3HF

The series combination of the inductances in this last circuit may not be possible for certain
applications.

48.17 Series Circuits

Example:
If the frequency is w=1000 radians/second, determine the input impedance and the resonant

frequency
L=0.1H

AMA—IN

R=500Q2

T Celu

~

Z =500 +j(10%)(0.1) - j—L— =500 +j100 -j1000
acyosy
Z =500 -j900 = 1029.£-60.9°
1Z| = 10290
1

o = = 3162 fadians

1
YLC ﬂmxmj second

P B 1 _503Hz
°"20IC  2n4(10-1109)

Do problem 48-6 HINT: It is a series circuit. |

-8-
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48.18 P 1 Circui
Example:

At a frequency of w=104 radians/second, determine the input impedance of the circuit
shown below.

0.5Q

WA

joL = j(10%)0.4x103) = j4 @

1 _ 1 1
joC .i104X25><10-6) j0.25
The equivalent circuit is then

WA

0.5Q

§4Q

2Q 2Q

+j4 -j4

This is essentially two complex impedances in parallel with an equivalent parallel
impedance given by
Gy = AZIXZAz _ (2H4204) 4416 _5q

Zi+Zy (2+j4) + (2-j4) 4
The input impedance of this circuit is the parallel impedance added to the 0.5C2 series
resistance, i.e.
ZIN=05+Z11=05+5=55Q
Since the input impedance is real, this circuit is at resonance. The input admittance is
Yin==1-=-L =0.182 mhos

7N 5.5

|Do problem 48-9 |

-9
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Find IA and Ip as real currents in the circuit shown below where the source voltage is
specified to be 100 volts at a phase angle of 0°

To
e

Lo g

7T 962 +40

Using the Euler identity Vel(©t+6) = Vcos(wt+8) + jVsin(wt+0)
100£0°  100.£0°

>

fh=¥-227 =20£-53.2°
Z 344 s5.5370

A ~ o o

p=X= 100£0° _ 100£0° _ .0 436.8°
Z 86  10.-36.8°

To=1 + I = 20£-53.2° + 10£+36.8°

These currents must be combined vectorially as shown in the diagram below:
= 20(e133.2°)+10(e+i36.8%)

= 20(c0s53.2°-j5in53.2°)+10(c0s36.8°+jsin36.8°)

= 20c0s53.2°-j205in53.2°+10c0s36.8°+j10sin36.8°

= 11.98-j16.01+8+j5.99
= 19.98-j10.02

= 22.35/£-26.6°

-10-
Copyright 1990 F.Merat



Phasor diagram:

+

LEADING
(capacitive)

el 100-0° RESISTIVE (reference)
voltage

LAGGING
(inductive)

" 20£-53.2°

Recalling that Re{el®t}= Re{cosmt + jsinwt} = coswt, we can write the time dependent
voltages in the circuit as

v(t) = 100 cos(wt+0°)

ia(t) = 20 cos(mt-53.2°)

ig(t) = 10 cos(mt+36.8°)

ip(t) = 22.35 cos(wt-26.6°)
where the voltages and currents are now instantaneous.

-11-
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CIRCUITS 14
Given: 3cos(10t) - 4sin(10t-45°) + X(t) =0 X(t) is
(a) 6.4cos(10t)
(b) 1.0cos(10t-135°)
(c) 6.4cos(10t+154°)
(d) 1.0cos(10t+135°)
(e) 6.4cos(10t-154°)

Solve the problem using phasors. Before using the Euler identity to convert the expression into
phasor form, we must use the identity sinB=cos(8-90°) to convert the expression 4sin(10t-45°) =
4cos(10t—45°-90°) = + 4cos(10t-135°). Substituting this into the given equation:

3cos(10t) - 4cos(10t-135°) + X(t) =0

Converting to phasor form:

3£0°-4£-135°+X =0

Solving for X and converting back to real:

X =-320°+4£-135°=-3 +(-2.828 - j2.828) =-5.828 - j 2.828 = 6.478£-154°

X =Re{X} =Re{6.478£-154°} = 6.478cos(10t-154°)
The correct answer is (e).

CIRCUITS 21

Ix is jlQ
(2) 2.7 - 6.2 amps nmm
(b) 2.7 + j6.2 amps 1 @ 2
©2+ j3 amps )
(d) 2 - 33 amps + BA 20
5.4£-68° =
© 3PV d) —<20 l Ix
- 2+ A
Solution:

The trick of this problem is to notice the short from node 2 to the circuit common (the voltage
reference). Because of this short the voltage at node 2 is zero and the voltage at node 1 (and across
the j1 Q inductor) is 3 volts.

Using KCL at node 2
Tx = (2+j) -j3 + % =2-j5=5.4/-68°

The correct answer is (e).

-12-
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w0k 02/22/93 22:50:00 ***xwxxwsxk Evaluation PSpice (Jan 1992) *xwkssksinsin

Low pass op-amp filter analysis using 741 library model

*¥***  CIRCUIT DESCRIPTION

She e sheshe e she e she e e sk s s e sheshe e s e s e e s sfe s sk e ke s e e sk ke sk sk sk ofe s sk sk e e sk e s e sk ke s she ke sk sk ke e sk sk e o ke sk sheske ke sk Sk sk Sk sk e She e sk ke ke sk

Vg 1 0 AC  100m

Rs 1 2 1000

Rf 2 4 10e3

C 2 4 0.0001micro

R1 4 0 4e3

X1 0 2 5 6 4 uA741

VCC1 5 0 DC 12

VEE1 0 6 DC 12

LIB EVALLIB

AC DEC 10 0.1 10000000
PLOT AC vm(l) vm(4)

.probe

end

*xxk 02/22/93 22:50:00 F**F*xsxi* Evaluation PSpice (Jan 1992) ¥ kkkakdddk

Low pass op-amp filter analysis using 741 library model

*x¥%  Diode MODEL PARAMETERS

ke e sheshe e sfe o she s s s e e e sheshe e she e she e ke s ke e sk e e sfe e ke sfe ek o sk e s sk sk e e sk ke s s sk ke s sk e ok she ke sk sk ok sk ke e sk ke ok sk ok sk ke sk e she s ske ke sk sk ok

X1l.dx
IS 800.000000E-18
RS 1

wxkx 02/22/93 22:50:00 ******sxxikik Evaluation PSpice (Jan 1992) *##rskikdkddodok

Low pass op-amp filter analysis using 741 library model
***x  BJT MODEL PARAMETERS

e fe e e s sk ke 3 s s Sk ke sk sk sheshe e e ok Sfe e she e e e 3k she sk 3 e e e sk ke e sk e s she s sk e e e e e o sk e 3 sk s s she ke ke s ke ke e s sk ke sk ok ke s s sheske ohe e s ok sheske e sk



X1.gx
NPN
IS 800.000000E-18
BF 93.75
NF 1
BR 1
NR 1
*xxx 02/22/93 22:50:00 *******%*x%% Evaluation PSpice (Jan 1992) ****kkkxxxkkkk

Low pass op-amp filter analysis using 741 library model

**3%  SMALL SIGNAL BIAS SOLUTION  TEMPERATURE = 27.000 DEG C

she e sk she s sfe e s s s sk e sk ke sk she sk she e s heshe sk sk sk sk e ke sk Sk e sk e sk e sk e e sk sk ok e sk sk sk e sk ke e sk ke ke sk Sk e e sk sk e sk She sk sk sk e sk ok ke ke sk e e ok ke sk e sk

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 00000 ( 2)18.22E-06 ( 4)998.1E-06 ( 5) 12.0000

( 6) -12.0000 (X1.6)-19.34E-06 (X1.7) .0682 (X1.8) .0682
(X1.9) 0.0000 (X1.10) -.6077 (X1.11) 119600 (X1.12) 11.9600
(X1.13) -5938 (X1.14) -.5938 (X1.53) 11.0000 (X1.54) -11.0000
(X1.90) 1.3431 (X1.91) 40.0000 (X1.92) -40.0000 (X1.99) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vg 1.822E-08
VCC1 -1.337E-03
VEE1 -1.337E-03
X1.vb -1.934E-10
Xl.vc 1.100E-11
Xl.ve 1.100E-11
X1.vlim 1.343E-03
X1lvlp  -3.866E-11
Xlwvln  -4.135E-11

TOTAL POWER DISSIPATION 3.21E-02 WATTS

*Hxk 02/22/93 22:50:00 **#**¥xxx%x Evaluation PSpice (Jan 1092) *ktkbsis

Low pass op-amp filter analysis using 741 library model



**kx  AC ANALYSIS TEMPERATURE = 27.000 DEG C

e e s sfe e ok ke sk e e s e sl e 3k s e sk ok s e e s sfe s sk Seshe s s fe s e e e s she e sk sk sk e s sk e ke o ke e sk e she o s e s sk sk e e sk s s sk e e sk e skesk e sk e sk ek sk ok

LEGEND:

* VM(1)
+: VM(4)

FREQ VM)

() 1.0000E-01 1.0000E+00 1.0000E+01 1.0000E+02 1.0000E+03
(+)---------- 1.0000E-03 1.0000E-02 1.0000E-01 1.0000E+00 1.0000E+01
1.000E-01 1.000E-01 .
1.259E-01 1.000E-01 .
1.585E-01 1.000E-01 .
1.995E-01 1.000E-01 .
2.512E-01 1.000E-01.
3.162E-01 1.000E-01 .
3.981E-01 1.000E-01 .
5.012E-01 1.000E-01 .
6.310E-01 1.000E-01 .
7.943E-01 1.000E-01 .
1.000E+00 1.000E-01 .
1.259E+00 1.000E-01
1.585E+00 1.000E-01
1.995E+00 1.000E-01
2.512E+00 1.000E-01
3.162E+00 1.000E-01 .
3.981E+00 1.000E-01 .
5.012E+00 1.000E-01 .
6.310E+00 1.000E-01 .
7.943E+00 1.000E-01 .
1.000E+01 1.000E-01
1.259E+01 1.000E-01
1.585E+01 1.000E-01
1.995E+01 1.000E-01
2.512E+01 1.000E-01
3.162E+01 1.000E-01
3.981E+01 1.000E-01
5.012E+01 1.000E-01
6.310E+01 1.000E-01
7.943E+01 1.000E-01
1.000E+02 1.000E-01 .
1.259E+02 1.000E-01 .
1.585E+02 1.000E-01 .
1.995E+02 1.000E-01 .
2.512E+02 1.000E-01 .
3.162E+02 1.000E-01 .
3.981E+02 1.000E-01.
5.012E+02 1.000E-01 .
6.310E+02 1.000E-01 .
7.943E+02 1.000E-01 .

X R R R R R TR E % TETETE TR T T T T T T T Tk T T T T T R XX XX R R R R
+

o+
A IR T T 25 I T T S S AR S A
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1.000E+03 1.000E-01 .
1.259E+03 1.000E-01
1.585E+03 1.000E-01
1.995E+03 1.000E-01
2.512E+03 1.000E-01
3.162E+03 1.000E-01
3.981E+03 1.000E-01
5.012E+03 1.000E-01
6.310E+03 1.000E-01
7.943E+03 1.000E-01
1.000E+04 1.000E-01
1.259E+04 1.000E-01
1.585E+04 1.000E-01
1.995E+04 1.000E-01 .
2.512E+04 1.000E-01 .
3.162E+04 1.000E-01 .
3.981E+04 1.000E-01 .
5.012E+04 1.000E-01 .
6.310E+04 1.000E-01 .
7.943E+04 1.000E-01 .
1.000E+05 1.000E-01
1.259E+05 1.000E-01
1.585E+05 1.000E-01
1.995E+05 1.000E-01
2.512E+05 1.000E-01
3.162E+05 1.000E-01
3.981E+05 1.000E-01
5.012E+05 1.000E-01
6.310E+05 1.000E-01
7.943E+05 1.000E-01 .
1.000E+06 1.000E-01 .
1.259E+06 1.000E-01 .
1.585E+06 1.000E-01.
1.995E+06 1.000E-01 .
2.512E+06 1.000E-01.
3.162E+06 1.000E-01 .
3.981E+06 1.000E-01
5.012E+06 1.000E-01
6.310E+06 1.000E-01 .
7.943E+06 1.000E-01 .
1.000E+07 1.000E-01 .

R I B R R o R R R R S

JOB CONCLUDED

TOTAL JOB TIME 9.77
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"Low pass op-amp filter analysis using 741 library model" 02/22/93 22:50:00 27.0°
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modfed 10, 36,
,;W

5 000 _
1 e
AV —o e
o L2
160 cos SO = Py
\eOp .
mod ed 10,36,
' - — e \/5 4 @ AC lomV
a X one —l 02, g Ra l 2 %
by T Sig b
2
. G LA 30 WOV
WOL‘P { ‘ WAL L6 10 10 doooo
W= 50,000 ¥ ?_AS 8] . ';R::%e
a (-] »

jwc 3(50000)(4« 10°©) = —65

qwl = 4 (S0000)(leoxi07) = '38

~
(GS)(e+3¥)  _ 40-330
—Jsr 6+i8 =33 * e+ 38 b+ 83
= (3,33)—(0.67)
MﬁT
leoL® T 2.33= 667
. QcaoLO)
_ _3.33-3667 V7 333.4kb] é*é,oé.o)

o} 24 3'33_'3(,,67 <.33 -36»(:7

= (0.853,-0.182) (\eo Lo)
= (136,59, - 29,19) =V
= 13 9.7 (~12°



( \
'#31\\@*‘3“"")1 joc Rejoor) —  RejeoL
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_ a
= RQ-"QZ‘L\C') "‘éwL(\“J‘Lc—) -gwRC 4 w‘}éﬂ

(~w*eY+ W R ™

= R+ et G-ure) — joRk
(- Le )+ W R ®

- R 4 F wi(whe) - wRK
(0 —LRLe Yo w R (L)t + w2 R 2,




'R:\ooop,. \ 1000 2

w,j «— Voot —
- 4 /0 .
J \ C ~420.

L= 50,000 I
{7958
[ - \ = —ine o,
RC = imasc, qwe ;\ €0,000 ( I5*) d
C= dxno |of
(=l Y )
a} ona ‘:%/m%wnaa,,
\/O\)'r: @_ﬂm 4
1000 -d'gc

= (‘.‘x ro"’: -Qx :o'l)

Nr 002 £-80.3C° )

?3?\&. An%i;\c.

RC, cnewsd
Vg 4 O At PwL( 0 0 de-t 1),
R4 L 2 looo
ce 2 O ﬁ_,.s
=\ o AC DeC 10 L 41000000
= ¢ TRAN JQQ:%WQOD()@"’
o PROBE |
e END.

;S.’DC ;\}3. 0 4 o)



kkkk (02/24/93 22:03:50 *kkkkskkskkdk Eyaluation PSpice (Jan 1993) sekdskakokokeskkokokok s
modified problem 10.36 w=>50,000 radians/second

*¥%%  CIRCUIT DESCRIPTION

ke sfe s ke sk sk o ke sk she e e she sk sk ke sk she o ke sfe sk ke s sk ke she sk ok skeoke ke sk ke sfe e ke sk ke sk sk e sk sk ok ke ke ok sk ik ok kel ok ke ok sk ke sk ok e sk ke sk dkeske ok sk Rk
skkokokkk

Vg 1 0 AC 160mvolt
Rl 1 2 2

Cl 2 0 4

R2 2 3 6

L1 3 0 160u

.AC DEC 10 10 100000
.PROBE

.END

*kkk (02/24/93 22:03:50 Hk*dkkkkkik Eyaluation PSpice (Jan 1993) *¥dkakskkskodkwok
modified problem 10.36 w=50,000 radians/second

*¥%%  SMALL SIGNAL BIAS SOLUTION  TEMPERATURE = 27.000 DEG C

Sfe ok ok 3k o 2k sk 3k sk sk sk 3k ok sfe sk ke e ok ok s 3 3k sfe s sk ok ok 3k sk sfe ok ok 3k sk 2 sk ofe ok ok sk 3k sfe e ke s sk ke sk sfe ofe sfe sk e sk sfe dfe ke e ofe ofe sfe ofe sfe she ol sfe sk sk sk ke ke sk
sedfeske sk kek

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 00000 (¢ 2) 0.0000 ¢ 3) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vg 0.000E+00
TOTAL POWER DISSIPATION 0.00E+00 WATTS

JOB CONCLUDED



200mv
o | | =] ]
100mv : =t
ov <& <&
-100mv T T T
10Hz 100Hz 1.0KHz 10KHz 100KHz
g vm(2) W vr(2) ¢ vi(2)
Frequency
"modified problem 10.36 w=50,000 radians/second" 02/24/93 22:03:50 27.0°

Evaluation Probe 5.3 © 1993 MicroSim Corp.



wadk 02/24/93 22:48:45 *Hkkxkxkdkk Eyaluation PSpice (Jan 1993) #dkskakadokkokadok

Example SPICE analysis using RC circuit

*%%*  CIRCUIT DESCRIPTION

ke vke sk ke she ke sfe ok e sfeofe she b she sk she sk ke sk e ok ke sk ke ok she ke sk ke sk ke sk e ok sk ke o e ok e e sk e st ke sk ke ok e e sk ke she ke sk ke ske ke sk ok sk sk sk skesfe skeoke ske ke sk ke sk

Vg 1 0 AC Ivolt PWLO 0 1le6 1)
RI 1 2 1000

Cl 2 0 1lu

AC DEC 10 1 1000000

TRAN 20e-6 10000e-6

DC vg 0 1 01

PROBE

END

wokkk (2/24/93 22:48:45 *xxxxsxxixx Eyvaluation PSpice (Jan 1993) ###kkkkkshskk

Example SPICE analysis using RC circuit

**x%  SMALL SIGNAL BIAS SOLUTION  TEMPERATURE = 27.000 DEG C

ke ke 2k e ok sk ke sk o she ok ke ok e ke e e e she e ke ke she sk sk she sk sfe sk e fe sheshe sk e sk ske ke skeske sk ke ok sk sk sk ke Sk sk sk ok sk o sk ok sk ok sk ok ske sk ok ok sk ok ok ek skok ke ok

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 0.0000 ( 2) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vg 0.000E-+00
TOTAL POWER DISSIPATION 0.00E+00 WATTS

*ik 02/24/93 22:48:45 *¥xikwiknik Evaluation PSpice (Jan 1993) *#kibkiohotkok

Example SPICE analysis using RC circuit

*¥+%  INITIAL TRANSIENT SOLUTION  TEMPERATURE = 27.000 DEG C



sk 3k sk sk sk o ke sk 3k ok she sk Sfe sk ke sk sk ke ske she sk ke ske sk sk sk sk ok sk ok sk sk sk skl sk sk ok ske sk sk sk sk sk skeoke sk sk ke sk ok s sk s ke sk skeoke sk ke sk sk ofe sk ko sk sk ki ok o

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 0.0000 ¢ 2) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vg 0.000E+00
TOTAL POWER DISSIPATION 0.00E+00 WATTS

JOB CONCLUDED

TOTAL JOB TIME 5.63
*adkek (02/24/93 22:48:51 FH**ddakdsk BEyaluation PSpice (Jan 1993) Hxdkkdckakadakadeck
.PROBE

**%*  CIRCUIT DESCRIPTION

sk skeoke sk 2k sk sk ok 3k sk sk ok ok sk ok ok sk sk ke sk she ke sk sk sk ke sfeoke sk sk ke e e she skeoke sk sk sk sk e sk she ke sk sfeske sk sk ke sk sk sk ok sk ok sk ok sk sk sk sk sk seskesk sk sk ok ok

.END

WARNING -- There are no devices in this circuit, (this message will be printed
if there are blank lines after the last .END statement)



oY

v . . . . . . . . . . . . . . . . .

ov T T T T
ov 0.2V 0.4V 0.6V 0.8V .0v
o v(2)
Vg
"Example SPICE analysis using RC circuit* 02/24/93 22:44:44 27.0°

Evaluation Probe 5.3 © 1993 MicroSim Corp.



1.ov-q8

ovIr—~n =<
-0.5v 1 T
1.0Hz 100Hz 10KHz 1.0MHz
O vm(2) B vi(2) & vr(2)
"Example SPICE analysis using RC circuit® 02/24/93 22:44:44 27.0°

Evaluation Probe 5.3 © 1993 MicroSim Corp.



Os 2ms 4dms 6ms 8ms
a v(2)
Time
"Example SPICE analysis using RC circuit" 02/24/93 22:48:45

Evaluation Probe 5.3 © 1993 MicroSim Corp.

27.0°

10ms



=]
ov " . . . . . . . . . . © o
™~
¢J\'-— ._._,_4‘0'
\\h’“n
-1.0v T T T T
Os 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
o v(1) u v (2) ¢ v(3)
Time
02/24/93 22:55:30 27.0°

"Example 3 showing superposition of waveforms*
Evaluation Probe 5.3 © 1993

MicroSim Corp.



10uv

ov S

-10uv T T T T
Os 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
O v(2)-v(3)
Time
"Example 3 showing superposition of waveforms" 02/24/93 22:55:30 27.0°

Evaluation Probe 5.3 © 1993 MicroSim Corp.



Vo, | 0 s (O .57  1000)
v 10 46§

e3 20 plu@® (0) o 1o -
r3__2o 416G

l:,xi 03 sin (0 4311 1000)

Ax3 © 3 sin (0 .04v3 3000)
X 2 0 1.

o+Y'0~/Y\/ lp 4dm.
® P(\Ob&
] end -

i 2

3
‘ r3=
Sein(L000t) D, brnste 0 F1g R =rx.
' CX | {x2
O \ a

WAL o431\ aun V000t
j Ax o O3 Swn 3000t

poty(d) (o) o | o -l

QOY\H\OQ Cnpvd‘ V(i) —v (o) .

1 COnb\O‘Q!A}ng I/V\pt)\r



*okick (/24193 22:55:30 *sxidrknnk Eyaluation PSpice (Jan 1993) sk

Example 3 showing superposition of waveforms

*¥%%  CIRCUIT DESCRIPTION

e ok ok e ok o ok ok ok sk ok ofe ke ok sk sk ok ok o she sk sk e ske ke sk ke sk ske ok e ok she ke sheske sk she e she e sk e sk se sk she e sk ke skeshe sk ke sk ofe she ke she ke she ke sfe ke sfe ke ofe ek e ok ok

Vin 1 0 sin(00.57 1000)

Rin 1 0 1G

e3 2 0 poly(1)(1,00010-1
3 2 0 1G

ixl O 3 sin(0 .4311 1000)
ix3 0 3 sin(0 .0463 3000)
rx 3 0 1

JTRAN 1u 1Im

.PROBE

.END

kkdok (02/24/93 22:55:30 Hkdkkkikkkkk Evaluation PSpice (Jan 1993) **ddkkkadodokkark

Example 3 showing superposition of waveforms

*%%%k  INITIAL TRANSIENT SOLUTION  TEMPERATURE = 27.000 DEG C

sk ok she sk sk she ke sk she sk sk sk ke she sk ske sk ske ke skeoke she sk sk ke sk s sk e ke sk ke sk sfe o e ke she ke sk ke sk ske e skeshe she e sk ke ok ke sk ske ske e skeshe she ke sfeoke sfe e ke ske e ek skeok

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 0.0000 ( 2) 0.0000 ( 3) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vin 0.000E+00
TOTAL POWER DISSIPATION 0.00E+00 WATTS

JOB CONCLUDED
TOTAL JOB TIME 38.08
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*xAk 03/04/93 07:04:51 ***kixkxkkk Evaluation PSpice (Jan 1993) *¥#dkaofadekansk
LAB 4 OSCILLATOR

*¥*%%  CIRCUIT DESCRIPTION

sk sfeofe ok sk o ik ok 2k sk 3k sk ok ke ok sk e sk sk e she sk ke sk sk sk sk ke sk ke s s ke She sk sfe sfe ke s sk she shesie sk sfeoke sk sk ke sk sk ke sk sk oke sk ske ke sk sk sk ke sk sk sk sk sk skeok

Cl 2 0 0.00lu IC=0.1 g
R4 4 3 10K | e
R2 2 4 5K b
R3 3 0 10K SR \

X1 3 2 5 6 4 uA74l o b

VCC 5 0 DC 15 }
VEE 6 0 DC -15 o
LIB EVALLIB - S s
.TRAN 10u100u  UIC e
.PROBE

.END

*H4% 03/04/93 07:04:51 ***kxxxkkk% Byaluation PSpice (Jan 1993) #dokkkkakskokeskskokokok
LAB 4 OSCILLATOR

****  Diode MODEL PARAMETERS

3R ofe sfe e e ok ofe ok ofe ok e shesfe shesfe sheofe e sk sk sk sk ok she e sk sk sk e ok sk sk sk sk ok sk ok sk ok ok sk sk okl sk ok sk ok sk ok ok sk ok ok ok sk ok sk o ofe o e ke ofe ke ok e sk sk sk sk ok

X1.dx
IS 800.000000E-18
RS 1

*hkk 03/04/93 07:04851 *x*sddokkkkik Eyaluation PSpice (Jan 1993) #kskokakohakanapookok
LAB 4 OSCILLATOR

**x%  BJT MODEL PARAMETERS

e sk ok sk ok ok e ke ok e ofe ok e ofe sk e ke sk ofeofe ok seske sk sk sheoke sk sk she e s ke ske ke sk sk sk ok ok sk sk ke ok sk sk sk ok sk ofe ok ok ok ok sk ok ke ofe sk e ofe ok ok ok skeok ke sfeoke sesfe sk

X1.gx
NPN
IS 800.000000E-18
BF 93.75
NF 1
BR 1
NR 1

JOB CONCLUDED
TOTAL JOB TIME 23.93



ov

-5.0v T T T T
Os 20us 40us 60us 80us 100us
O v(4)
Time
"LAB 4 OSCILLATOR" 03/04/93 07:04:51 27.0°

Evaluation Probe 5.3 © 1993 MicroSim Corp.
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*xA% 03/04/93 07:10:52 *Hk*kkxkkkkk Evaluation PSpice (Jan 1993) *#ddkkabdhkxk
LAB 4 OSCILLATOR

*¥4%  CIRCUIT DESCRIPTION

3k sk ok sk sk she ke ke s sk sk ok sk sk ok ok sk ok ske sk sk ke Sk sk ke she sk ke sk ke sk sk ke sk sk sk skeske sk ok ok sk e sk sk ok she sk ke sk sk ske e sk sk skeske sk sfe sk e sk skeok sk sk skeok sk ok ok

Ct 2 0 001w IC=0.1

R4 4 3 10K

R2 2 4 5K

R3 3 0 10K

X1 3 2 5 6 4 uA4l

VCC 5 0 DC 15
VEE 6 0 DC -15
.LIB EVAL.LIB
.TRAN 10u 1000u UIC
.PROBE

.END

*xA% 03/04/93 07:10:52 H*k*xkxkkk% BEyaluation PSpice (Jan 1993) *kokokeskakaksdokoke sk kok
LAB 4 OSCILLATOR

**x*  Diode MODEL PARAMETERS

ke ke o she ok sk ok ok sk ok ok e ke ok e fe ke el ok e e sk sfeshe ke sk ke e ke sk s e ke sk sk se ke sk sk she s ok sk skeoke ok sk sk sk sk sk ok ok sk sk sk sk ok ok sk ok sk ok ok ske sk ok o ke ok

X1.dx
IS 800.000000E-18
RS 1

*xxk 03/04/93 07:10:52 *****kkkkk Evaluation PSpice (Jan 1993) #skokdsokkeskokkokokok
LAB 4 OSCILLATOR

*#*+x  BJT MODEL PARAMETERS

e 2k ke sfe ke ok ofe o o sfe ke ok e ke e ke sk sk e ok sk e ke sk sk ke sk sk sk ke ok sk e she e ok sk s ke ok sfe sk ke ofe e e ofe ok sk e ok sk ok ok ek ok ek sk ke sk skeske ok e sk sk sk ok ok

X1.gx
NPN
IS 800.000000E-18
BF 93.75
NF 1
BR 1
NR 1

JOB CONCLUDED
TOTAL JOB TIME 57.33



20V

0.2ms 0.4ms 0.6ms 0.8ms 1.0ms

Time
"LAB 4 OSCILLATOR" 03/04/93 07:10:52 27.0°
Evaluation Probe 5.3 © 1993 MicroSim Corp.

C=,0\
T4



#ik 3/04/93 (7:14:51 Hksskionioink Evaluation PSpice (Jan 1993) ##iskokkkon

LAB 4 OSCILLATOR

*#%*  CIRCUIT DESCRIPTION

e e sk o ofe ok o ok ok 2k ok 2k ke e sk e ok e e ke sk sk e ke sk sk ok sk ke ok she e sk ok sk ke sk ke ke sk ke skeske sk sk sheoke sk sk ok sk o sk o sk o ok ok ok sk ok sk ok skoske sk ke sk ke sk ok

Cit 2 0 O0luv IC=0.1

R4 4 3 10K

R2 2 4 5K

R3 3 0 10K

X1 3 2 5 6 4 uA74l

vCC 5 0 DC 15
VEE 6 0 DC -15
.LIB EVAL.LIB

.TRAN 10u 10000u  UIC
.PROBE

.END

ek 03/04/93 07:14:51 **kddokskokkk Eyaluation PSpice (Jan 1993) #kskkkokadskokskodokkk
LAB 4 OSCILLATOR

**¥*  Diode MODEL PARAMETERS

e 2k e ke ok o ok ke ke o ok sk e ke e ok sk sheshe fe b e sk sk sk sk sk she e ke ke s ke ok sk ok sk sk sk sk ok ke e o ok ok ok ok ok sk s she e s ke ok sk sk skesfe ok sk sk sk sk sk sk sk ko ok

X1.dx
IS 800.000000E-18
RS 1

w44k 03/04/93 07:14:51 *###kkxsrkk Evaluation PSpice (Jan 1993) *sksk ks
LAB 4 OSCILLATOR

**kx  BJT MODEL PARAMETERS

3 3 she sk ke ok ok ok ke ok o ok e sk ke ok sk sk sk e ke s e sk sk sk st st e s ke s ok ok sk ok sk sk sk sk sk sk e s e ol e ok ok sk sk sk sk e ke ok sk ok sk sk sk ok sk sk ok ok ok ke sk sk ok

X1.gx
NPN
IS 800.000000E-18
BF 93.75
NF 1
BR 1
NR 1

JOB CONCLUDED
TOTAL JOB TIME 101.72
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*xxk 03/04/93 07:56:36 *****xxx%k% Evaluation PSpice (Jan 1993) *¥kdkikkakskskoxk
CLASSROOM DEMO RLC CIRCUIT

**%%  CIRCUIT DESCRIPTION

sk sfe ke ofe e ke ofe ofe sk ok sk ke ok 3k ok ok she ok ok sk s sk she e ok s sk she skeoke she s she sheske she sk e she ke ok skeske sk sk e Sheoke ok sk ok ok skeske ok skeoke sk ke ok sk skeokeok sk e ke sk sk skok

Vs O 1 PWL 0,0 1u,10

L1 1 2 Im

R1 2 3 0.2

Cit 3 0 1000u

.TRAN 30m 30m

.PROBE

.END

*¥kk 03/04/93 07:56:36 *H**kkkkkkk Eyaluation PSpice (Jan 1993) #kkkakkskkkokeskkoiesk

CLASSROOM DEMO RLC CIRCUIT

*#%k  INITIAL TRANSIENT SOLUTION  TEMPERATURE = 27.000 DEG C

ke ok she ke she ke 2fe ok ke o sfe sfe ke shesfe e ke sfe ke she e sk ke sheofe sheshe sk sfe e shesfe sfesfe sk seofe she e she ke sk se e sheske sk ke sk she sk she ok sk sk ke ok sk sk sk skeske sk sk ke sk ke sk ok

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 0.0000 ( 2) 0.0000 ( 3) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

Vs 0.000E+00
TOTAL POWER DISSIPATION 0.00E+00 WATTS

JOB CONCLUDED
TOTAL JOB TIME 3.98
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EEAP 244 March 4, 1993

Solve for the current in the following circuit using Laplace transform techniques.

1 mH

02Q
— Y AN —"
L R
—— 10volts 1000 uF —T~ C
+

Use KVL to write the equation fori. Ichose to have the current go in a counterclockwise
direction to coincide with current flow from the positive terminal of the battery.

The problem with the example done in class was that the voltage across the capacitor did
not obey the passive sign convention. If you go around the above circuit counterclockwise
you should get the equation:

+V+Ri+ L4 10u() =0
where

V,= % f i(x)dx
0
Substituting this expression for V¢ into the above equation:

1 o pdi -
C J; i(x)dx + Ri + L dt 10u(t) =0

Taking the Laplace transform of the above equation gives:
LI, Rigs) + Lisie) -i(09) - 22 = 0
which was obtained using the Laplace transform relationships for the derivative and integral

of a function, i.e.
i(t) & I(s)

f i(x)dx & ——

g; & sI(s) — i(0)

Since i(0-)=0 this reduces to:
Is(é) +RI(s) + LsI(s) - 10 =0
Solving for I(s):

10 10 10
10,00
Ig)=—3S - L _ 0.001 - 10,000

1 o, R 1 o 02 1 " §2+200s + 108
SL+R+-=  s+s +LC S+SO.001+().()01(1()()()><10’6) S §

(S)

You can factor the denominator using the quadratic formula



EEAP 244 March 4, 1993

'/ 2 _ + 2 6
g = b+ 22 —4ac — 200+ \/(22(2(3 _4(1)(10 ) =—100i]995
and, after substituting into the above expression for I(s):
10,000
I(s) = . .
(s + 100 + j995)(s + 100 — j995)
Expanding by partial fractions gives:
10,000 A B
I(s) = . . = - + .
(s + 100 + j995)(s + 100 — j995) (s + 100 + j995) (s + 100 — j995)
Equating the coefficients of s:
sl: A+B=0
s0: (100 - j995)A + (100 + j995)B = 10000
which can be solved to give A = +j2.51 and B =-j2.51. The final expression for I(s) is:
)= HY03 503
(s + 100+ j995) (s + 100 — j995)
Inverse Laplace transforming using the relationship

e—atu(t) RN L

s+a

yields

i(t) = j5.03e‘(10°+j995)‘u(t) _ j5.03e'(100'j995)tu(t) = —j5.03e"100‘[e‘j995t _e+j995t]u(t)
which can be further simplified using the Euler identities

e®—e-8=2jsin® and el® +e-i®=2cos0

to give the final result for i(t), i.e.

i(t) =—j5.03e719012sin(995t)Ju(t) = +10.06e~1%%sin(995t)u(t)

A PSpice simulation of the circuit was done:

Vs 0 1 PWL 0,0 1u,10
L1 1 2 Im o
R1 2 3 0.2
C1 3 0 1000u
.TRAN 30m 30m
.PROBE

.END

B I(R1)

it
Add trace £R 3 & 3 ¥ 4
Vacree Hard,Seow LULSQF 4R REB

Note that the simulation result is the negative of the Laplace transform result because
PSpice measures the current through the resistor using node 2 as the positive node whereas
we used node 3 as the positive node for R in our calculations. Furthermore, I did not use
an actual unit step but only an approximation to one using the PWL (piece-wise linear)
source command.
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‘e PROBLEM 14-5

Find the Fourier series of the half-wave rectified sinusoid

as shown in Fig. 1.

f(t)
sin?

el aliay

-7 0 14 2w

Solution: The function f(t) can be represented over one
period as

sin t 0 <t<m
f(t) =
0 m<t < 2w

Since there is no half-wave symmetry we can expect a d.c.
value. Hence,

i}
]

1
T

T 1 (" 1 2m
J f(t)dt = 2 sin t dt + E-T—r' J 0 dt
(o]

a =
(o]

o
T _ 1 1
[~-cos t]o = 5 [1 + 1] = =

N
:IH

However we cannot say that the function has odd or even
symmetry. Therefore, we must determine a and bn'

The Fourier representation of a periodic function

is
-]
a, + ) (a cos nw t + b sin nw _t)
n=1
where
5 (T
a =7 I £(t) cos nwot at
o
and
5 (T
bn =z J f(t) sin nwot dt.
o)

First we find

™
b = 2 J sin(t) sin(nt) dt; o =1
n 27

(o]

by the trigonometric function-product relationship

sin t sin nt = % cos (t-nt) - % cos (t+nt).

We obtain

ﬂ
!
b T 7 ! [% cos t(l-n) - % cos t (1+n)] 4t
o .
_ 1 1 . _ _ 1 . m
b =7 [ETT:ET sin t(1-n) T(i+my Sin t(1+n)]o



=

- —1  Sin(m- SR -
bp = 7 laqg-my sin(mam) - gygemy sintmem - 0+ 0)

D S AR S
bn = 5 (1_n sin(m-nm) i sin(m+nm)).

When we substitute any positive value for n into the above
expression we obtain bn = 0; for n = 1 we obtain the unde-

termined form % for the first term. Using L'Hospital's

1 .
rule we can evaluate i-n sin(nm-n7) for n

1]

1 as follows:

g, (n) .
_ 71 _ sin(m-nmw)
Let g(n) = gz (n) = l_n
where gl(n)'= sin (w-nm) and g,(n) = 1l-n.

By L'Hospital's rule we can evaluate

gi(n) -Tcos (T-nm)
Gln) = g, (n) = -1 :

If G(1) exists then g(l) = G(l1). Hence.

g(l) = mcos(m-m) =T and
= 1 = 1
bl = 57 (m) = 5

The only sine component in the Fourier series is % sin t.
We proceed to find a,

o
I
N

™
J sin(t) cos(nt) dt
(o]

1 (M1 1

a == J [5-51n t(1l+n) + 3 sin t(1l-n)] dt

o

1 1 1
a = - 5= [T:H cos t(l+n) + -5 °€°s t(l-n)]g

1 1
a, = - 3o [y cos(m+nm) + T%E cos (r1-nm)

1 1
- R

When n = 1 we obtain



where the two indeterminate terms are both equal to
by L'Hospital's rule, giving a, = 0.

When n

When n

= 2 we obtain

= - X (1 -1 = - 2
a, = - gy [-3+1-3+1l 3r
= 3 we again find

oL l_1_1.1
aj 27 ‘4 3737 3

zZero

Continuing in this way we find that for all odd harmonics

(n =1,3,5,...) a_ is zero and all even harmonics (n
2,4,6...) n
S D 1 1 1,
n 2m 1+n 1l-n 1+n l-n
ol 2 2, 12, 2,
a, 2T 1+n 1-n° 27 ‘l+n 1-n
a =1 (2@-m+2(l+n), _ 2 1
n 2m n°-1 m l-n§

Hence, we can express the half-wave rectified sine wave as

1.1
S T n=2,4,6 1-n
=475 ,0000

. 2
sin t + = ) —;Lf cos nt.



