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H work Assi ent No. 3 - ion

1.) The op amps in this problem are ideal.

a) If v, =+1V, find the value the Ri=1kQ R=10kQ
currents i, i., iy, i , and i AN AN 2
) ) 1 ‘l 2 [7} L + —_— ii . -+ l R -
including the sign. i 4| U2 g, i
’” —> 10kQ
AV . b
=Tk = ImA = = = w99Q3A

, 0V 10V

(=0 I = T0kQ = -1mA IL=TkQ =-1mA

i, =iy +i =-2mA
b.) Express v, as a function of v .

. ° b K 100kQ 500KQ
and vy, ol AV AT,

) 100k 100kQ  50kQ
Note: v_, =-v
o1 =2 v2 - FAM— A A~
And Riny |
o

v, =-5v; - 10v,, =3 W99Q3B

" vo = ‘Svl '10('v2) = ‘51"1 + 101)2 VO = -5v l+ IOV2

Riln 100k£2

c.) Find R;, and v, if i} = 0.1mA. iy MA——20

R, =0 i] 10k Vo

and W99Q3C

v, = 100kQ-i| = 100kQ-0.1mA = 10V

Rm and v, if il ={0.ImA.
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2.) Assume that the op amps are ideal and find i, as a function of the inputs,v; and v,
Find the input resistance defined as R;,, = (vy- v; Vi,

.

Riy kin ‘ 173 i3 ot

’ = AT
p R Rs
%) 7
- Im ] Ry

MW

+ —» =
Vi Z

= F02Q0351

Solution

From the circuit we can write the following equations based on an ideal op amp:

fout = i35 vy — vy = 2R iy, DRy + iRy =i3R3 iy =-iy
. ) 2R2l2 2.R2 2R2 v2 — Vl R2
low=1B="Ry =Ry CU =Ry |""2R; JTRR; (Vi—W2)

. Ry
towr = RiR; (vi—=v)

The input resistance, R;, is seen to be equal to 2R; | R;,, = 2R,
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A12.21 (a) Note that voltages refer to the node numbers on the next page

4,99k
4.99kQ + 5, 00kQ

=0.5005v, + 2.987V

Using voltage division since i, =0, v, =v,+6

4. 99k
4.99kQ + 5. 00k

v, =v4‘-§-[6—v4)

Since vy =0, vy =v, and vg=v, ~ 45;;‘

(5.01kQ)
Solving for vg yields wvg =1.992V +1.002v,

=5~ Vs

i =
” 10kQ

=199uA +2x10 7 v,

v,4 is unknown: let us assume 2x107 v, <<199x10°°A
which requires v, <<995V. So for v, < 100V, which should almost
always be true in transistor circuits, 15 = 199pA.

ForZ, =10kQ, v4=199V, v,=3.99V, v,=3.99V, vy=3.99V

Note that vg-vy =2V = (6V - 4V)

5.01 k0 (b.) 6.0l kit
1

v V-V
Rour = f and iy = -—-—u——l"oms So we need to find i, and hence vs, in terms of vy

5. 00kQ
X 4.99KkQ + 5. 00k

vg =¥, +1(5.01kQ)=v, + gv—k}—i(s'mm) =2.002v, = 1.002v,

Vl = vZ =V =0, SOOSVX

- Vx - Vg - Yx — IOOZVX _ 0. 002Vx
10k 10kQ 10k

iy and Royr =-5 MQ | A negative output resistance!
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1224 Applying op-amp assumption 1 to the circuit on the next page, the voltage at the top of
Rg 18 vy, and applying op-amp assumption 2,

.!i:--!-ga ar v02=_vsB_g_
Rl RZ Rl

Since the op-amp input currents are zero, and

v R, R
i=—8, v, =-iR,-IR; =24+ 3 |¢
R, o 277 R, R J®

Alternatively, the voltage at the bottom of R2 is zero, so

R R R R, R
VOI = (1 + "'R‘S‘]Voz = (1 + R2 “""‘li'%‘)'s - ""I'if' -+ "‘li"'?"}vs

-+
+
/ Yoz

5
2k0 1 10
B 2kQ +40kQ 21 | 21
R 40k 3x10%Hz
(@) Av=-%" =" | fu=Bix 21

(b} Ay =(-20)* = 8000 (78dB) | fyug = 0.51fy = 72.9kHz




