ELG 3736

Liste des problemes suggérés pour les Amplificateurs Opérationnels (OP-AMPs)

Problem 8.9

Note: The +/- terminals of the op amp are inverted in Figure P8.9.

Solution: 49
Known quantities: Wiy B

The circuit of Figure P8.9.

Find: Y

The overall gain 4, =v, /v; ; input conductance G, =i; /i, =

Analysis:

Applying KVL at node 1:

W=V M=% WM—% _go
2 B 4

Or =2v;+4v—vy =v, (1)

Again, at node 2:
ek B

- -
Or2va=v;  (2)

=0

Similarly, at node 3:

Vv Vy —V
_-+——

2 =0
3 3
Or l
vy =V (3)

Substituting (3) into (2):

Vo =W

Substituting (2) and (3) into (3):

1 1
=2v;=v, +5v0 —K(Evn)

3

Or—2=

Vi

,_
|




Problem 8.19

Note: The +/- terminals of the op amp are inverted in Figure P8.19.
Copyrght © The McGraw-Hil C: Inc required for or gaplay,
R

Solution: M i
Known quantities: C) R,
i _
+> ’

The circuit of Figure P8.19. (

Find:

Show that this circuit is a noninverting summer. ®

AAAA

Analysis:

R,
Applying KCL at the inverting terminal: V3 = (1 + T’)V 2

Applying KCL at the noninverting terminal:
V, W
(L.,.l)y‘* =il
R, R Ry, R

R
or yt = Vs +—2—W,

therefore,
Ry R,

T %
=(1+— -—=
3=( R)(R,+R2 2T R +R,

and the circuit does indeed compute the weighted sum of the inputs.

Problem 8.20

Copynght © The McGraw-Hl Comps .Inc required for or display.

Solution: R,

AAAA
yyy

Known quantities: Ry

AAAA

The circuit of Figure P8.20. Wy

O Vout

AAAA
>

Find: ) LA
(8 — 2
The voltage v and the current i. Vs R, Ry=Ry=Ry=R,

v=4Vin=5V

AAAA,
YYvyy

Analysis:

The circuit is shown on the right:

l/ s pr+ +
Applying nodal analysis to V'™ ,ZR—= % So V™ =
1

2

L8 25V
2
Applying nodal analysis to V™,
W=V _V =Vou
Ry Ry

and V¥ =V~ ,So V,, =V, -2V~ =1V

ur



Problem 8.31

Solution:

Known quantities:
For the circuit shown in Figure P8.31:
vg(t)=0.05+30-102 cos(a)V ., Rsg=50Q , R, =200Q.

Find:

The output voltage v,,.

Analysis:

It is a particular case of a noninverting amplifier where vy=vs.

Problem 8.34

Solution:

Known quantities:

If, in the circuit shown in Figure P8.34:

Op Amp: Motorola MC1741C
ri=2MQ  u = 200,000 ,,=25Q

Find:

a) The output voltage.
b) The voltage gain for the two input signals.

Analysis:

Capynght © The M W C , tnc. requined for or dsplay

Copyrght © The McGraw-Hill C e won requaned for or display.

a) The op amp has a very large input resistance, a very large "open loop gain" [x], and a very small output
resistance. Therefore, it can be modeled with small error as an ideal op amp with:

KVL : VD+\’N =

KCL :
VN'VSZ+VN'VSI+VN'VO=0 ’U;‘
R> R; RF

iyt

R R 2.2
=>vo=-R—Fvsr Eysa=[-==
I

R> 0.85

= [-2.588][7mV ]+[-1467][7TmV] = -28.38mV

b) Using the results above: 4, =-2.588 Ay =-1.467.

][7mV]+[-%][7mV]

Note: The output voltage and gain are not dependent on either the op amp parameters or the load resistance.
This result is extremely important in the majority of applications where amplification of a signal is required.



Problem 8.44

Solution:
Copynght © The McGraw-H& Companies, Inc. Permission requred for reproduction or display.
Rp
Known quantities: Rg>
Circuit in Figure P8.44. Ry
+
Find:

O

The output voltage v,.

Analysis:
The circuit is a cascade of a noninverting op-amp with an inverting op-amp. Assuming ideal op-amps, the input-
output voltage gain is equal to the product of the single gains, therefore

Vo =—h l+h Vg
Rg> Rg)

P 6.3-14 €D Determine the node voltages at nodes a, b, ¢, and
d of the circuit shown in Figure P 6.3-14.

Figure P 6.3-14



Solution:

Label the circuit as shown, noticing that some resistor currents are zero because these currents

are also input currents of op amps:

0

—

D) 25 ma

Now v, =-2.5(5)=-125V,
Apply KCL to get
v, —0 0-v,
=0+ = vy
20 15
Problem 8.53
Solution:

Known quantities:
For the circuit shown in Figure P8.53:

C=1yF
Find:

a) Whether the circuit is a low- or high-pass filter.
b) The gain V;/Vs in decibel in the passband.
¢) The cutoff frequency.

Analysis:

v, =v,=—125V, v, =0V

15

. =_%(—12.5)=9.375 v

20

R =18kQ R,=82kQ R; =333Q.

Copyright € The MoGraw-Hill C: Inc

il

C
5(

a) From Figure 8.25, it results that the amplifier in Figure =

P8.53 is a high-pass filter.
Jjo CRy

In fact, the output voltage is Vy(j@w)=————"—Vg(j®)
1+ jo CR,
b) lim Yol@) =20Logﬁ=20L0gE=l3.l7 dB
o= Vs (jo)| R, 1.8
1 1
¢) @y=——=——"———=5555rad/s
CR,  1.107°-1.8-10°

ardisplay



Problem 8.57
Solution:

Known quantities:
For the circuit shown in Figure P8.57: C=047 yF R =9.1kQ R, =22kQ R; =2.2kQ.

Find:

a) Whether the circuit is a low- or high-pass filter.

b) An expression in standard form for the voltage transfer function.

¢) The gain in decibels in the passband, that is, at the frequencies being passed by the filter, and the cutoff
frequency.

e e R L e e .
~

'
AAAA

Analysis: e
a).From Figure 8.2, it results that the amplifier in Figure P8.57 is %
a low-pass filter.In fact, the output voltage is " I:D“ }
Ra 1 g
Voljw)=——————Vg(jw) A
W R TrjaCR 2 :

‘Q](_Illl) - ‘E: |

b). 41,(; O
WOy o) R, 1+ jwCR;

. 22
¢) The gain in decibel is obtained by evaluating |H,,(j)| at w=0, |Il,,(j0)|dB =20 Lug%= =20 Loga =7.66dB .
‘ .

1

The cutoff frequency is = =—————— =96,7] rad/s
Y B D= TR, " 047-10°-22.10°
Problem 8.64
Solution: Le oNe
o Il
Known quantities: cll
For the circuit shown in Figure P8.64, let I R R )
in 1 2

= AW—A— A +

C=C=C,=1004F R =3kQ R,=2kQ. ¥ 4+ o,
Vf’n < v(‘[ ==Cl e Vo

Find: _T_ - _T_

Determine an expression for the gain.

Analysis:

With reference to the Figure shown above, we have
Va(j@)=Vol(jo)= I (jo) = joC, Vo(jo),

V4(j@) = Rolci(j@) + Vol j@) =(1+ jaCiRy Vo jo),

L2 (jo) = jaCy(Vo(jo) =V 4(jo)=—{je) ClCyR; Vo(jo),

Via(j0) =V4(0)~Rilca o) -1er ()= 1+ joC R + Ry) + (j0P CGOR, R Vo)
And finally, the expression for the gain is
Voljo) _ 1 1

4,(jo)= : : =
' VinG®) 1+ joC(Ry + Ry) +(jof C2R Ry  (1+ jaCR )1+ jCR,)




Problem 8.81
Solution:

Known quantities:

Find:

Consider a differential amplifier. We would desire the common-mode output to be less than 1% of the differential-
mode output. Find the minimum dB common-mode rejection ratio (CMRR) that fulfills this requirement if the
differential mode gain 4, = 1,000. Let

vi = sin(2,0007z )+ 0.1sin(1207)V

vy = sin(2.000m +180° )+ 0.1sin(1207)V

vy + vy
Vo= Adm (vl =¥y )+ Acm( J

2

Analysis:

We first determine which is the common mode and which is the differential mode signal:
v —vy = 25in(2,00072)

N*Y _0.1sin(1207)

Therefore, v, = Agy2sin(20007)+A4,,, 2%]2%1

Since we desire the common mode output to be less than 1% of the differential mode output, we require:

A, (0. 1)<001 2)[:)%4”,, <0.2.
100

0
CMRR = CMRRiyin = ——==5000=74dB.


Ali
Note
Acm(0.1) <= 0.01(2)(1000), il manque le 1000 ici ce qu'il va changer le resultat, Acm = 20 et CMRR = 5 

Ali
Note
2 doit etre 0.1, Acm(0.1)sin(120Pi*t)


P6.3-9 e Determine the voltage v, for the circuit shown in
Figure P 6.3-9.

Answer: v, = -8V
4k ks
a AAA%
AvAYAY, b -

C 18V 8 k 8 k g‘-’o

Figure P 6.3-9

P 6.4-2 € Find v, and i, for the circuit of Figure P 6.4-2.
Answer: v, =—4Vandi,=1.33 mA

—AMA——WA—
6 k 6 k

(i 12V §6k . "

°2

Figure P 6.4-2





