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1. It has infinite impedance at both inputs, so no current drawn
from the input circuit: I =/_ = 0.

2. It has infinite gain, so difference between input voltages is
zero: V, = V_.

3. It has zero output impedance, so output voltage does not
depend on output current.
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INFINITE or ZERO

The Open-Loop gain Ais VERY VERY LARGE = can be considered
as INFINITE

The input impedances of the two terminals are VERY VERY LARGE =
can be considered as INFINITE

The output impedance is VERY VERY SMALL = can be considered as
ZERO
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inverting input
terminal

v

Vo

output terminal

noninverting input terminal

A differential input: The inverting input (-) vs The non-inverting input (+)
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COMPARISON OF INVERTING AND NONINVERTING AMPLIFIER
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The inverting amplifier shown below uses an op-amp with infinite input resistance,

zero output resistance, and finite loop gain A. Show that the closed loop gain G is

given by
G=_ “Rr
AR+R+Rp |

And for large value of A, G can be approximated by

G':f&
R

Inverting amplifier
Rl:

A ———

For the above amplifier, compare the results of the two equations for A = 10, 100, 104,
zmdwith R/(R + Ry) varying from 0 to 1.
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ANSWER TO Q1

il = < i2
SOLUTION: — R
. P I—DWND
. Critical
= (V,—Vi) = (VP-Vo) Point L
! R '° R,

For an op-amp with infinite input resistance and zero output
resistance, io =c il
So. (Ve — Vi) - (VP — Vo)

R Rg

And Ry (Vp— Vi) = — R(VP — Vo)

Vp (Rp + R) = VoR + VR

ANSWER TO Q1

Finite loop gain A =-V,/V,
But Vp=-V/A V.(R,+R)=V,R+VR,
-V (R+Rp)
SQ —o F. Vo R+ ViRr
A
A . Op-amp gain
Vo (R+Rr+AR) = Vi ARy i
l{]:
£ \-0
By definition G = —2 - R
- —AR L [
Giving G= F
AR+R+Rp
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ANSWER TO Q1

For large open-loop gain A, AR >> (R + Rp), and so the

equation becomes

(s —ARp _ Ry
AR R
G'_Rf AR+R+Rp_, R+Rp
G R AR AR
A: Finite loop gain A=-V/V, _AR
G: Closed loop (op-amp) gain G = ————
P (0p-amp) gai AR+ R+ RF

G’: Closed-loop inverting amp gain
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ANSWER TO Q1

Plots of G*/G versus R/(R+Rp) for different values of A are
shown below. For A which are very large in values, G*/G

approaches 1 or G — G.

10

9

A =10000
and 1 000 000

R/(R+Ry)
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ANSWER TO Q1

GG

A =100

A =10 000
and 1 000 000

RAR+Rs)

COMMENT: A practical op-amp has wery high input
impedance (Z; > 107 Q2), low output impedance (Z, < 100 Q),
and high open-loop gain (A about 10° to 109), and the values
of R and Rr are typically in the k) to MC range. So, it is

wvalid to use the second equation.
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Find V, for the following op-amp circuits:

a) Twonon-inverting amplifiers in series.

R, lII{;
- (@)
6 KQ R, MAN
Ry e 1KQ
1 KO >
/\N\, — = —I—(:Vu
. +
= ; |+ VP
- 1wvolt
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ANSWER TO Q2

SOLUTION:

_R+Rg
R

G =1t R?F (General equation)

W~ ‘f1+ %\Ivi - "/1_,_9\‘ I=TN

X 1/ X ]-/

f/ R \ . |,/ \\
V0=‘1+—4‘\-’) =|1+1| R T=14V

LRy VL
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ANSWER TO Q2

b) Two summing amplifiersin series.

Rs Rs
" 10 KQ 10 KO
1 T R
v, 1KQ l ol
0.1 volt B : LESL
R =
Wo = e || BF lEommmosow +
1 VO]T. R2 = V3 o——AAN— L
10 EQ 1 volt Ri -
1 KQ
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ANSWER TO Q2

SOLUTION:

General equation:

v, =2 RoVb . oo 1w
Rl Rz
W S
R.V, vV
V. — 6Vp RV =_{10 x (—2)} —(10 x 1)
R, R
=10V

Y
? Ry R, J

vV 5
e B T e Ry

A
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An accelerometer that is used to measure the vibration of a machine has a frequency

response as shown in the figure below:

6--
4 +
2--

Response

0
0

The vibration signal is filtered to ensure that the vibration signal beyond 2.5 kHz does

500

1000

1§00 2000 2500 3000 300 4000

Frequency (Hz)

not affect the recording of the measurements.
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ANSWER TO Q3

Select an appropriate filter consisting of a resistor, with resistance R, and a
capacitor, with capacitance C, that will remove the error due to the frequency
response of the accelerometer. Suggest appropnate values of R and C. Sketch
the frequency response of the filter, indicating all relevant parameters on the
sketch.

KNOWN: To filter off signal of 2.5 kHz or more.

FIND: (i) Filter type. wvalues of R and C. and frequency

response of filter
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ANSWER TO Q3

SOLUTION:

As frequencies below 2.5 kHz are required and those above have to

be removed, a low pass filter is required.

Cut-off frequency must be at least 2.5 kHz (required) and less than

about 3 kHz, (where the accelerometerresponse becomes> 1).
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ANSWER TO Q3

Impedance-based relationship between frequency, resistance and capacity.

. 1
Ifthe cut-off frequencyis 2 5 kHz|fo= ——
i 2nRC
1
OrRC=——
2t
1 .
S0, RC=———=637x 1075
’ 2= 2500
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ANSWER TO Q3

If the cut-off frequencyis 2.5 kHz f. = 1
i 2R

1
2nf,

OrRC =
1 ;
So,RC=—"  =637x1075|
21 2500

Choose any value of R and C such that the combination results in
6.37x 107 s.

Forexample, R=63.7kQ, C=1000pF (1 pF =10"12F).
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ANSWER TO Q3

In many cases,

1

————(time second) can be a rough estimate of the time constant
cutoff frequency

The frequency response of the filter, with the relevant parameters is:

For f=fc=2500, M(2500)=

N 1 _ 1
M(f) = J1+(f/fe)? J1+(f/2500)°

~ 1 —
M(3400) = TGroaseoy 0592

1

= 1/+2=10.707
J1+(2500/2500)2
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ANSWER TO Q3

Anaccelerometer that is used to measure the vibration of a machine has a frequency 1

response as shown in the figure below: 03 I -30%
oY

. 205\

E4 &4l MD=-3dB

5 / 2

i 02+

0 50 1000 1500 00 2500 3000 380 4000 0
Frequency () 1 1 100 1000 000 10000
Frequency (Hz =2
The vibration signal is filtered to ensure that the vibration signal beyond 2.5 kHz does 4 izl fg 2500Hz
not affect the recording of the measurements. Cut-off frequency
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Frequency response curve or Bode plot plots Agyt/Ain vs input
frequency.
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