2/6/2018 Assignment Print View

The equivalent model of a certain op amp is shown in the figure given below, where R;=2.8 MQ, R5 =
39 Q,and A=10 x 104

R:
vd' § R A!.-'d
+
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1 . Award: 10.00 points

Calculate the input resistance of the given circuit.

The input resistance of the circuit is 2.8+ 2% MQ.

Explanation:

The input resistance is the Thevenin equivalent resistance seen at the input terminals, that is Rj, = 2.8
MQ.

The input resistance of the circuit is 2.8 MQ.
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2 . Award: 10.00 points

Calculate the output resistance of the given circuit.

The output resistance of the given circuit is 39+2% Q.

Explanation:

The output resistance is the Thevenin equivalent resistance seen at the output terminals, that is Rgyt
=39 Q.

The output resistance of the given circuit is 39 Q.
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3 . Award: 10.00 points

The open-loop gain of an op amp is 75000. Calculate the output voltage when there are inputs of +10
uV on the inverting terminal and +20 pV on the noninverting terminal.

The output voltage is 750 £ 2% mV.
Explanation:

The output voltage is calculated as follows:
Vo = Avg = A(vp — vq) = 75000 x (20 pV — 10 pV) = 750 mV

The output voltage is 750 mV.
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4. Award: 10.00 points

The output voltage of an op amp is -1 V when the noninverting input is 1 mV. If the open-loop gain of
the op amp is 2 x 108, what is the inverting input?

The inverting input of the op amp is 1.000 £ 2% mV.

Explanation:

The inverting input of the op amp is calculated as follows:
Vo = Avg = A(v — v1)
Ug—m:—?—:m—:—ﬂﬁﬂg‘f

Vo — vq = - 0.50 BV = - 0.000 mV

1mV -vq=-0.000 mV
vi=1mV — (- 0.000) = 1.000 mV

The inverting input of the op amp is 1.000 mV.
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5 . Award: 10.00 points

For the op amp circuit given below, the op amp has an open-loop gain of 90000, an input resistance of
14 kQ, and an output resistance of 115 Q. Find the voltage gain vp/v; using the nonideal model of the

op amp.

>N

The voltage gain vp/v; of the op amp is 0.999989 * 2% .

Explanation:

The formula to find the voltage gain is derived as follows:

-/_I_H\'l
- A

-Vt AVd + (R,‘ + Ro)/ =0
But Vg = R,’/

v+ (Ri+ Ry + RA) =0
=z 1aras

—AVd— Ro/ +Vvy = 0
Ve=Arg+ R =R, + B T= Fo+ Rillog

Fat (14 AR;

The voltage gain is calculated as follows:
o Fo 4 RiA 11502 - (14 K> 90000)

T T R, b (LT AR 115 ({1 50000 < 14 K2 0.999989
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The voltage gain is 0.999989.

References

Worksheet Difficulty: Medium Learning Objective: Understand how real
operational amplifiers (op amps) function.

http://ezto.mheducation.com/hm.tpx 7128



2/6/2018 Assignment Print View

6 . Award: 10.00 points

A 741 op amp shown in the circuit given below has an open-loop voltage gain of 80000, an input
resistance of 2 MQ, and an output resistance of 110 Q. Calculate the output voltage vg in the op amp
circuit.

_l: % O v
/

The output voltage of the op amp is -0.999988 + 2% mV.

Explanation:

The formula to find the output voltage is derived as follows:

eV
()
Ra
- /
Vd § Rin ik
+
+
+ - Avs Vo
(RO + R,‘)/ +vi+Avg=0
But Vg = R,’/
Vit (Ro+ Ri+ RA)I=0
I=x 7ot an (1)

—Avg— Rol + v, =0

Substituting for /in equation(1),
_ Fot R
Vo = (_Ro+ 1T AR; )”'

Then, the output voltage is calculated as follows:
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_ Fot R
Vo = (_Ro-l- 1T AR; )”'

( 1109 (2 ML = 50000)
Vo= —

11062+ |:1+ 80000)X2MQ ) x1 mV

Vo = -0.999988 mV

The output voltage is - 0.999988 mV.

References
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The op amp in the circuit given below has R;=100 kQ, Ry =100 Q, vs=1mV, and A =100,000.

8
+
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7. Award: 10.00 points

Calculate the output voltage v,, for the given op amp circuit.

The output voltage v,, for the given op amp circuit is -0.99+ 2% mV.
Explanation:
+ 100k}
AVAAY
iz
4 1000 IN
VVV—
s 1

Atnode Vq, f1— iz Iz=0A

10002 100k

YE—¥1 Vi=Wo o =V
T, =0A

_ _1000Vet W
which leads to V1= _'I:tﬂfz_o

At node V,, iz + ia =04

Vi—VYo | Avd—Yo
00K m, =04

But, Vy=-V41and A =100,000 so

V1 — Vo + 1000( — 100, 00011 — Vo) =0

o =45,095,991 o =—d9,4509,991 1000Vet Ve
Vo=—mr—V1=—""1m01 /T
Yo — —990.07

This gives us ¥s —

If Vg = 1 mV, then V,, = -0.9901 mV

The output voltage v,, for the given op amp circuit is -0.9901 mV.

Hints
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Hint #1
References
Worksheet Difficulty: Medium Learning Objective: Understand how real
operational amplifiers (op amps) function.
8 . Award: 10.00 points

Calculate the differential voltage vg.

The differential voltage v is 9.90 £ 2% nV.

Explanation:

The differential voltage is calculated as follows:
Vo= Avg = 100,000 Vg

s 089 myv
Then, V4= ~TgF = ~ 1z — 900V

The differential voltage vgis — 9.90 nV.

References
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9. Award: 10.00 points

Calculate the output voltage v,, for the given op amp circuit.

The output voltage v,, for the given op amp circuit is -0.99+ 2% mV.
Explanation:
+ 100k}
AVAAY
iz
4 1000 IN
VVV—
s 1
h
i =
O g
L= +
"rl:.l

Atnode Vq, i1 — iz + i3 =04

Ve=W¥1 _  Vi=Vo o =V1
10002 100k i =04
) 1000Vt Va
which leads to V1=—"Tntz

At node V,, iz + ia =04

Vi—VYo | Avd—Yo
00K m, =04

But, Vy=-V41and A =100,000 so

V1 — Vo + 1000( — 100, 00011 — Vo) =0

o =45,095,991 o =—d9,4509,991 1000Vet Ve
Vo=—mr—V1=—""1m01 /T
Yo — —990.07

This gives us ¥s —

If Vg = 1 mV, then V,, = -0.9901 mV

The output voltage v,, for the given op amp circuit is -0.9901 mV.
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References

Worksheet Difficulty: Medium Learning Objective: Understand how real
operational amplifiers (op amps) function.

1 O Award: 10.00 points

Calculate the differential voltage vg.
The differential voltage v is 9.90 £ 2% nV.
Explanation:

The differential voltage is calculated as follows:
Vo= Avg = 100,000 Vg

s 089 myv
Then, V4= ~TgF = ~ 1z — 900V

The differential voltage vgis — 9.90 nV.
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11 . Award: 10.00 points

Calculate the output voltage v,, for the op amp circuit given below, where /=1 mAand R=3
kQ. (Assume ideal op amp)

/

@

==

O |

The output voltage v,, for the given op amp circuit is -3.0+2% V.

Explanation:

If v4 and vy, are the voltages at the inverting terminal and noninverting terminals of the op amp,

Va=Vvp=0
_ U=

1 mA= 710

Vo =-3.00V

The output voltage v,, for the given op amp circuit is - 3.00 V.

References
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1 2 . Award: 10.00 points

Calculate the output voltage of the op amp circuit given below, where vi =2.3Vand vo =1.5V.

10 kQ
——AMA——

“(3)

n(®) 2% § .

The output voltage of the op amp circuit is -0.8+2% V.

Explanation:

The output voltage is calculated as follows:
Since v = v = 1.5V and iz = 0, no current flows through the 10-kQ resistance.

Using the compensatory circuit concept,
from the given figure we get, —v5 + 2.3 + v, = 0.
Vo=Vg—23=15V-23V=-08V

The output voltage of the op amp circuitis - 0.8 V.

References
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13 . Award: 10.00 points

Find the output voltage v, for the op amp circuit given below, where V=11 V.
2 kQ
——AAN—

+
: +

I mA *) @) vV A

The output voltage v,, for the given op amp circuit is 9+2% V.

Explanation:

Let v and vy, be respectively the voltages at the inverting and the noninverting terminals of the op
amp.

Va=Vvp=1V

At the inverting terminal,

_llW—T,
1 mA_igkﬂ

Vo=9V

The output voltage v,, for the given op amp circuit is 9 V.

References
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14 Award: 10.00 points

Find the voltage gain vp/vg of the circuit given below, where R1 = 17 kQ and Ry = 14 kQ.

20 kQ
M
«©
R:
o
The voltage gain vp/vg of the circuit is 2.21+2% .

Explanation:

Since no current enters the op amp, the voltage at the input of the op amp is vs.
Hence,

vs= Vo Tt 1)

Yo =221

The gain vg/vg of the circuit is 2.21.

References
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15.

Award: 10.00 points

Assignment Print View

Calculate the voltage ratio vg/vg for the op amp circuit given below, where R = 11 kQ. Assume that the

op amp is ideal.

U @) 10 kQ

s
Ol a= +CI)

The voltage ratio vg/vg for the op amp circuit is

Explanation:

Step 1: Label the unknown nodes in the op amp circuit. Next we write the node equations and then
apply the constraint v4 = vy,. Finally, solve for v, in terms of vs.

25 kQ
M
R
A2 2

CD g 10 kQ

Step 2:
g vy | u‘;—:.ru___D:D th—
111L2 25 1L and 10k
Thus,
L S B— =0
11K 25K
or
vo= Vs
or
volvg = - 2.27

The voltage ratio vgl/vs is - 2.27.
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References

Worksheet Difficulty: Medium Learning Objective: Understand that ideal
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Consider the op amp circuit given below, where Ry =19 kQ and vg =1V.

i

-+ o
“©
100 k€ L+
§ 90 kQ ANV 10kQ 2 7,
< _
§ 50 k€2
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1 6 . Award: 10.00 points

Calculate the output voltage v for the given circuit.

The output voltage v, is

Explanation:

=

a

248+ 2% V.

”’(") §9nkﬂ

By voltage division,

— 90 k) —
Va= 509 1 15100 X1 V=083V

iy = 50 k0 _ ¥
0 KQF100K) — %

Butvy=vp — + =083V

Vo =248V

The output voltage v, is 2.48 V.
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Assignment Print View

Award: 10.00 points

Calculate the output current in the circuit.

The output current in the circuit is 264.22 £ 2% HA.

Explanation:

The output current is calculgted as follows:
1}

e _paA¥Y TRy, _
=0+ 2=7n0 "t S 00— 10K | S0HisTo0E — 20422 pA

The output current in the circuit is 264.22 HA.

References
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1 8 . Award: 10.00 points

Determine the output voltage v, in the op amp circuit given below, where [ =7 mA.
10 kL2

AN

10 kQ
20 kQ

AN >
+

*CD éﬁkﬂ .

The output voltage v, is -8.75+2% V.

Explanation:

The transformation of a current source to a voltage source is shown below, where vg =35 V.

10 kQ
WV

Vo

§1l]kﬂ

LM — .
v +

:
5

Vs
Vo
' —
At node 1,
3aV— _ w1—wva V1 Vs
5L DY) 10k

But v = 0. Hence, 140 V —4v4q = v + 2v4 — 2v,
140V =7vi—2vy - )

Atnode 2, 20K — 10K ,vpo=0o0rvq=-2v, - (2)

From (1) and (2), 140 = —14v, — 2v,
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Vo=-8.75V

The output voltage is - 8.75 V.

References
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1 9 Award: 10.00 points

In the circuit given below, R1 = 20 kQ, Ry = 66 kQ, and R3 = 2 MQ. Calculate the gain ;_:D when the
switch is in position 1, position 2, and position 3.

R

AAN
)
R3 /3
5kQ
v
+
i 10 kL2 i
The gain ;_I.-J at the position 1 is 4.0+ 2% .
The gain ﬂ_f at the position 2 is -13.2+ 2% .
o

The gain rTE at the position 3 is -400 = 2% .
Explanation:

The gain is calculated as follows:

Position 1: p

v Ff_ 20y
C=w="F= "an — A0
Position 2: o

_vo_ _ 6RKD
G=qt= -8B —.132
Position 3: o

R 28 _
GC=z=—5n — 400

The gain E_E at the position 1 is - 4.0.
The gain E_E at the position 2 is - 13.2.
The gain 77 at the position 3 is - 400.

References
http://ezto.mheducation.com/hm.tpx 25/28



2/6/2018 Assignment Print View
Worksheet Difficulty: Medium Learning Objective: Understand how the

basic inverting op amp is the workhorse of
the op amp family.
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Assignment Print View

Award: 10.00 points

In the circuit given below, find k in the voltage transfer function vp = kv..

Ry
R, R, VI
Ty
Y, :D—_f
R, R, Z
0

From the figure, v = vo.

Node 1is the inverting input and node 2 is the non-inverting input.

Applying KCL at node 1 gives

Vom0l _ ¥l—ve ¥l
Frp = R Fl - (1)

Applying KCL at node 2 gives

O—pa , to—ia —0 L — Ha 7

Fz s — Y > 1= F R T i — (2)

Substituting (2) into (1) yields
[ [

Lo L Ly
pralolb i i 7 R
Therefore,

ko] B+ 35+ ) )]

bR [ 1 14 1y s
The expression for a (FT By HJ(RMM

Hints
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Hint #1

Hint #2
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Learning Objective: Understand how the
basic noninverting op amp works and how
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