L) Using superposition first let ig = 0 and the

circuit becomes a voltage follower with vy = ve.
Nextlet v ¢ = 0. This grounds the noninverting
input so v p = 0 The sum of currents at the inverting

vO2 — VN

inputis ig +

i iy =0 Butiy =0 and

vN = vp = 0 Hence vy = ~R-ig. Using superposition

vo =vOr + voR = vs - Rig

Therefore, K; =1 and K, = -R.

2.)

The circuit is a noninverting amplifier with Ry = 16" and R » determined by the switch position

3.)  Circuitis a subtractor with

3 3 3
Ry =30-107 ,Ry = 60-107, Rz = 10-10" and

Ry = 20.10°

Using superposition with v ¢ = 0
—Rs

Vo1 = R, Vg1 = ~2:V§)]

Using superpasition with v ¢; = 0
Ry Y[R +Ry -Ra

Yoo = B Vg + ——-vgs OF
Ry+ke )l R )R

)

VO = VOl + V02 = -2V

" 3 Ry
Position 1 Ry = 90-10"and Ky = 1 + .ﬁ. = 30
1

. 3 Ry
Position 2 Rp = 40-10 and Ky =1+ E—- =5
1

R:
Position3 R, = 0and Ky =1 +;2=1
1
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4.) Wriiting node equations. Sum of currents ~ o~

(A)

@

v e RE LY ¥ N %/,N_wf 'w:~ 4
at Node A: — \f’+ i ‘():(f 2R -
2R R | 1.

atNodeB: £ ° B i =0 ’ 1o !

B s TR S e YR

R 2R Vs R RS2RS 3.
The OP AMP voltage constraintis v = vp. i
Inserting this into the Node A eq. and solving
for vi3 gives vpy = -:Evs + —;--\'0. Inserting this + i
T3 § V.

into the Node B equation gives
1 2 1 2
‘,;'“'S + “{'\'(,) = VO ;'\’s + Y0 " N i
. 4

: e - + iy = 0 which reducesto Z.yvq - vy + —vg + — v + 2R =0

R >R 10 3 VB Ly YO RITNS | IO 10

._.\,’S

Hence in= — QED

- 2R
5 The circuit is an inverting amplifier 50kQ 50kQ 100 kQ

. 3 3
with Ry == 50-10" Q and 50-107Q < Ry < 150 m} Q

~RA

Since Ky = —R-\—i the gain falls in the
!

range -3 <Ky < -l




6.)

[a] Assume the op-amp is operating within its linear range, then
8
T
For Ry = 4k U= (44+4)(2) =16 V

ir 2mA

Now since v, < 20 V our assumption of linear operation is correct, therefor:
i L= 2mA

[b] 20 =2(4 + Ry); Ry =6kQ

[c] As long as the op-amp is operating in its linear region 7y, is independent of /7
From (b) we found the op-amp is operating in its linear region as long as
Iy, < 6k Therefore when B, = 16k() the op-amp is saturated. We can
estimate the value of iz, by assuming i, = i,, < ir. Then
ir = 20/(4,0000 + 16,000) = 1 mA. To justify neglecting the corrent into :-:
op-amp assume the drop across the 50 k{2 resistor is negligible, and the inp::
resistance to the op-amp is at least 500 k2. Then
ip = in = (8 —4)/(500 x 10%) = 8 uA. But 8 uA < 1mA, hence our
assumption is reasonable.

[d]
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7.)

We want the following expression for the output voltage:

Up = —(2v, + 4vp + 6v, + 8vg)

This is an inverting summing amplifier, so each input voltage is amplified by a gain

that is the ratio of the feedback resistance to the resistance in the forward path for
the input voltage:

v ——[481; =5 481' +f~l—8-"u +ﬁ-u
s Ra a ‘b R:: c Rd d

Solve for each input resistance value to yield the desired gain:
R, =48,000/2 = 24kQ R, = 48,000/6 = 8k
Ry =48,000/4 = 12kQ? Ry = 48,000/8 = 6k{
The final circuit is shown here:
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8.) The inverting summer has three input resistors. The inputs applied are (from top to bottom)

10+ 20° R 10 kQ
vy + Sand v, and ( J-\'} = 3-v]

10
Hence, the output of the inverting summer is

20) «30 ?0)
o= Zrg) [ M—(M
= \1(3 i U) LU

J / \ 2t

v2 = (-7 - 10)




9.)
4 — (20)(50) — (50)R,
T 20050 + Ry)

4. 50(20 + 50) + 50(50 + R,)
S 2(20)(50 + R,)

Aam _ R, +120
Acm B 2(20 - RT:)

-1
%—t—%:) = %1000 for the limits on the value of I,

If we use +1000 R, = 19.93k0)
IFweuse —1000 R, = 20.07kQ

19.93k02 < R, < 20.07kN



109 e output of the 15t stage is

4\

VA = - Re o 1( — |5 = ~v| ~ 10. This output is the input to the 2nd stage
10" 5.10°
and
3
vp = e VA = 2-vy + 20. This output is the input to the 3™ stage
10-10°
( 3 3
10-107 + 20-10 3
VO = . 'VB*T; 'B=3-vy + 30
20-10° -

104 10k © 10k 20k ©

v, ‘ ~ [+
5 kQ + 10kQ3 Vv
5V l 20kQ3
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