EXERCISE IDEAL OP AMP ANALYSIS
EXERCISE IDEAL OP AMP ANALYSIS
No.1  Assuming ideal op amps, determine Vg for each and every circuit shown below.
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EXERCISE IDEAL OP AMP ANALYSIS
No.2  Assume typical op amp data for circuits A through E and worst case values for circuit F.
Op amp parameters for Vg,;p=115V minimum typical maximum
O/P voltage swing 12V +13,5V -
I/P voltage range 11V 12,5V -
Short circuit current +12 mA +20 mA -
A) Determine Y- D) Determine .
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E) Determine .
B) Determine ¥ for E+6V and V, =-6V.
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c) Determine Y. F) Determine the maximum value of i we do nc
want to saturate the inputs of the op amp given
+15V and V2 range from 80V tolO0V .
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EXERCISE IDEAL OP AMP ANALYSIS

No.3 Assume ideal op amps for each of the following circuits. Do not use any formulas, you must be able
to derive them on your own. Mark up the circuit diagrams thoroughly for solutions.

A) Determine R, Bfand Zg B) Determine R, Bfand Zg¢
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D) Determine Y and Zr seen by each I/P.
C) Determine 3y and Zg
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E) Determine ¥ and % seen by each I/P. F) Determine B, ¥ and Ze seen by each I,
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EXERCISE IDEAL OP AMP ANALYSIS
No.4 100k
15} '
= — - ——— 0,1 pF
t if a) > | |
RFCF
V. ey =V, (¥)+ V. (S—;V) for a squarewave 0 Vo
A) Draw the  output
waveform with respect to Vi, F1v _
shown for frequencies of 50
Hz, 100 Hz, 1 kHz and 10 kHz _
- label waveforms with ACand V™
DC values as well as PW and
SW.
-1v
K— 0,67T— 0,4TK—
B) If Vi, is a 2 V|, squarewave with a 50% duty cycle, calculate the frequency of V;, that will produce V, =
1 Vpp
C) Repeat step B for 75% duty cycle.
D) If Vinis a 10 V,, triangular wave with a frequency of 5 kHz, draw the expected O/P waveform
with respect to V.
No.5 A) Determine the output waveform 0.1 uF
relative to an input triangular wave with a 100 s 10k
|1_|(; Vpp amplitude and a frequency of 250 Vi H AN
B) Determine the output waveform dv.
relative to an input square wave with a 2 V = _RFCE n
Vpp amplitude and a frequency of 250 Hz. ° dt -
—QO Vo
C) What is the function of the 100Q £ (0 0,1 +
resistor? lf <
R.C, =

No.6  Determine the O/P waveform relative to an input 2V (rms) 1 kHz sinewave for each circuit shown
below.
A) 300K B) 300K

MWy 0O Vo AN ’ O Vo

_ 100K 100K l
Vin o—AM ¢ ¥ Vin O—AAN ¢ ¥ o1pF 100K
75K ﬁ_ 75K —‘— I il
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EXERCISE

No.7 PHASE SHIFTER

Using ideal op amp analysis,
prove that

_ Pl+jX,

T PlL-jX,
|4,]=1
X
_ “c
/ém = 2arctan
No.8
PHASE SHIFTER

Using ideal op amp
analysis, prove that

IDEAL OP AMP ANALYSIS
R1 R1
AN AN
. ——0 Vo
) +
vin

= 8
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R1 R1 -1
W AN c
L PLHX O Vo
" PL- X,
v ~y
[ Ay = 2arctan—= T MW

No.9

Howland current source

Prove that the load current is given by

R1
—w AN—
the following equation: L o vx
p +
IL = — R1 R1
R vin O AV AN—
Hint: Work out currents in terms of Vi, R §
and unknown V,. I
L
No.10 O +15V
BRIDGE AMPLIFIER
Prove that V, is given by the Rl 2 $® j\F,\,
following equation:
_ —15* AR,
o — F o
R(R +AR) n oV




EXERCISE IDEAL OP AMP ANALYSIS
SOLUTIONS
No.1A) Jov 5
0A 1,8k 1A
-2V O%—‘/W\—(f—+
N —O Vo oV O > +Z\‘f‘i
2V o P -12v 0,1 mA 1k 0A
+10V - +0,1V O—>—MA\ N
>—AW . o v
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2V 2K = 0A 1k =V
' oV
1> 1 mA
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0A 2 Q ) 1,125 o 1,125
0.5V 4,125V 2 125
ve +1V O—>—WW >
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+ N
+2,5V- 0,375 mA 2K L o Vo
-0,5v O AV O -3V -1,5V O—&—MWWA S+ 12 5V
0,25 0,125 mA 0A -
10k " 0,125 mA )
2k m 24k 10K
0,25 mA _1,25V
= = 1~ 0,125 mA
+15V
0 ?v A - 5,2V + 1’3A33 - 0,68V +
+
) 0,133 mA 3ok 51k 01333 mA
e g - A v
0,933 - 1,333V + 1.2mA g5 ,
mA A4 0A +5V O N "\/\/\, o +3.2V
1 mA W ya S— N
AN —O Vo ! 0A
+1V C > + N
0A 1,06N +2,333V 3k L o Vo
1 mA N mA 0,133 mA +8V O—— W\, >+
2 1 > 0A +3,88V
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EXERCISE IDEAL OP AMP ANALYSIS

No.2 A) 1,489 -1V 0,7 (o)) +15V
47k  mA ? mA 10K
+6V O— MWWV M
+7V- +2V O0——mm+
> 0,789 mA Vo
Vv 3,3k +3V —
X O MV 0A -13.5V
-3.6V - 2.6V + S 0A Yy
1,8k —O -15V
-1V O M (B + -8V .
0A No feedback, the output saturates with

-1V a polarity determined by the sign of the
differential I/P voltage:

Vog=Ag(Vt-v-)= (23)=-
Vo=-V g5 = -135V

B)
Positive feedback will make the output
al saturate with a polarity determined by
== 0,483 . . .
mA the sign of the differential I/P voltage.
With +6V applied to the -ve I/P of the
Vo op amp, the O/P should be of the opposite
—0 polarity, therefore assume
Vin 14,5V Vg=-V gat =-14,5V and determine the
eV Vvt and verify the sign of the differential
16V I/P voltage in order to validate your
assumption of V 5 = -V g4, that is:
Vo=Aq(VF-V-)= (-4,83-6)=-
+4,833V . .
therefore the assumption was valid.
10k ? 20k
JT- 0,483 Same procedure here, exceptnow V. "~ is
mA negative, therefore the O/P polarity is
v expected to be positive:
o
Vo =+V =+14,5V
0 sat
vin +14.5V Verify assumption with signof V.. 4= (V tv)
-6V —_

Vo=Agq(VT-V")= (+4,83-(-6) =+

-16V



IDEAL OP AMP ANALYSIS

EXERCISE
2D) 2 +2V 2 1,25 +1,25V 1,25
mA 1K ? mA 2k mA 1K ? mA 2k Vo
J_ VWA < VWA O Vo J_ VWA VWA O +3,75V
= +16V - 4V + +6V = +16V
0A 32 2 mA 1,25 mA
mA
680 680
*2V Oo9Wt soma T2V OW 18,75 mA
0A 0A
+2V 200 +2V 3'75V%200
-16V -16V - L
B Output of op amp has reached current limit,
notice that V -~ V * and -ve feedback is
rendered ineffective not forcingvV.~ -~ =Vt
E) 0’5 0.5 1,125V
A 0,3875 O 0,3875
oy M + 15V - mA 10K mA + -
+5V O VW VW O Vo +5vV O VW VW 'e) Vo
+12v 30k -15V <« +3,875V - +12V 30k -10,5
0,5 0A
mA
0A 6 8k 0A 6,8k
+ 1,5 mA M
=7 4 |
0 10K 10K
-12v 1 -12v Y
Impossible voltage, therefore Output of op amp has reached saturation,
Vg=-V gat = -10,5V typical. notice thatV -~ V * and -ve feedback is
rendered ineffective not forcing V =v*t
F 10k 100k
vi o W +16V'W V- orV* max=16-4=12V
R3 0A R; <12V/8,68 mA= 1382
8, 8 _ R should be less than 1382
V2 10k =
12V max 0A O VO ih order to keepV ~ and V' in-
100V O—MWWA . + _
. side a safe range of £12V.
8,68 mA 0, 12
100K -16V
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IDEAL OP AMP ANALYSIS
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EXERCISE IDEAL OP AMP ANALYSIS

No.3 E) R
R |y
+VE VI O—MA—>——O0 V' =V =04V, Iy
+ - oR +VE V1 O
R 2 | Ik 1
+VE V2 O——MW—> >—M WE V2 O
+ - + -
Y 0A
I —
3 1,5RL
N —0 = 0A
+VE V3 O——MWWA -+ Vo ov
a1 0A

—_3 V{>:V7_IR:0_I+I R
L=—ti = =y =IR =—2 xR =04V, PRe= 0=t )R,
2,5R, SR, (Vl V;]RF
z,=ta205R A Sl 16 k&
if3 [3 1 1 R R R R
—_|=£ _F
:VZ_V7:V2_0’4I/3 = Vo_ (Rl I/l—}_RZ VZJ
12 R R IF Il+12
V, v
; V=04V, v, -04V, _ V4V, =08V, Zn="T=R  Zn=7=hR
F - 1 2
R R R
R =R||R to balance inputs
- V. +V,—0,8V,] 5 = A5
v = v —1.R)=0,4r, | LHa =08 5 p
o F( ) 3 L R J( )

V,=0,4V,~[2V,+2V, -1,6V,]
v,=2r,-v,- 7]

A (1 ¥t e e
' Il —'R_’i 1 _Ml Zis and Zi, are not constant, but will vary
V1 as V3 changes. Onthe other hand, Zis is
v v, R fixed and does is not affected by either V,
4 =T TV =0AY, - orVe
' L, LU 1— 0,4V,
R v
2

to balance the inputs:
RIR|2R=0,4R = R|[1,5R =0,6R,
R=1,5R,
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EXERCISE IDEAL OP AMP ANALYSIS

No.4
1 1 2
If F) 0 = 0 =159 Hz then AV (rr) =—(;)J‘ V. (ac) dt
2r R,C, 2m100k x0,1u B:Cr !
A) +1V
7 _
Vo=V (Eh1r (&  mm
(ave) T T V; +0,2V
" %/ pe
Vi,(oc) = +0,2V ] 7
AV, rry=—1000 J. Vo) dt K—
AV, (pry=—1000 X area -2V DC
Integral does not apply for 50
Hz and 100 Hz.
and 48 mVpp at 10 kHz
B) |
2 N AREA
AV, ==1000 [V, uerdt b 2vgy | —ofeoooofooo o} - DC level
4 v T AREA
T <— — —>
AV (pry=-1000 X area — 2
o)
—1000xL =190y g
2 2F -FI; DC level
F =500 Hz U
F > 159 Hz integral OK. T
C)
+1V
AV(,(PP):—IOOOJ.V,-n(AC)dt :\1 ——————A—R—Eé———-—;— ——————————— L __ |-
4 P 2V - DC level
AV, rry=—-1000 X area $ <— % —> i
Ty 2 - " —
=1000x(o,5x—):§= v
2 F o
F=250 Hz /P 1V i ___________________ DC level
F > 159 Hz integral OK.
V(ave) = V+C-;;V)+ V_ (STVV) Vin(DC) = +0,5V

A11-



EXERCISE
No.4 D)

AV (pry=-1000 I V. c) dt

4

AV (pry=-1000 X area
~ 1000 X(IOO[,L X 5)

2
AV (pry= 0,25V,

O/P is a parabolic wave, not a
sine wave.

No.5 A)
dv.
V =—R.C.—iz
o F~E dt
10V
V,=-10K x O,Iu(i—)
2ms
V,=wmsV,
B) On edges we have:

V, =—10K x 0,1u()

V =meo = mV

On flat portions we have:
V,=-10Kx O,IM(iO)
V,=0

The O/P spikes settle down
in 5T = 5Rg Cg = 50 us

C)

IDEAL OP AMP ANALYSIS
T __’_TE_W@’&_ _______
| i | i
R oo oo -
+5V p | |
| | | |
10Vpp i/:\l/:\l/
| |
| | -5v | |
| | P | |
I +5Vp I I !
lOVpp $ < 2 > |_
ms
— [
-5V p
| +1Vp
N
P <— 2 —>
U | ms
T | L Ve :
o) HVgat —--— 50 :
— s
T oV 11 |
P [ [
T ' 20 us : Vsat - :

To stabilise negative feedback in order to avoid self oscillations from the circuit.

12-



EXERCISE IDEAL OP AMP ANALYSIS
No.6 A)

28,3
A Vo
HAP 300k S
2,83Vp ov O >—AW o} U
28,3 +8,49Vp - _8,49Vp
— MAP 100K oA Y
N
; \ \
Vi O—WW >—id ON §Z 0,7v
oa Y OFF -
0A 75K \ YV 28,3

Z
N\ HA
>—W / o F
ov

.||_

Vo - 0,7
0A 300k ov
ov O W\ O Vo
Vin
- = 28,3 28,3 N oa
— ON
U 100K WAp BAD
Z Z
-2,83vp O—WA—=X < ¥ oFF
0A A4 %4— /N /N 0A
0A 75K - \
7
>— VW / 1
J_ oV
— +0,7V
I +2 83V
N 1 1 1 1 1 1
P 1 1 1 1 1 1 t
U ov >
T
0 t
U ov >
(0]
P
U
T
-8 ,49Vp
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EXERCISE IDEAL OP AMP ANALYSIS
N0.6 B)
26,5 pA
0V DC 100K ov DC 300K 26,5 pA DC
Vin O—A— >—AN—> > O Vo
2,83Vp 0A
26,5 puA
DC DCuD2 oN ¥ piome Y106 R DE P96 pa
— — — — -— / —_ -
<—H 0,1 uF 5= 7,96V DC ElooK
-2,83V
’ oA Y \ +
0A 75K - = =
>\ +
J_ ov
T 1 +2'|83|VP (]
N O\ /[ ™\ /Dt
P ov (. o v o1 ¥ -
1o
U Lo Vo o
1 1 1 1 1 1
T [ o [
-2,83V
P —>} |<-Dp1 ON | |
o - - o
(|
1o
U 1 |r 1.06 VPP : :
o 1 1 1 1 1 1
D2 O T ==== —N1 —N
P 7,96V DC N D \— /_&/
1o 1
U (AVERAGE) | W Vg aov .
T

NOTE: The bottom of the O/P waveform will not be exactly -8,49V in practice.

{lrst iteration

Assume |V, ... |=849 = I .., = 838 3B 30
IOOK 300K
Iy XA Lo XT 1132 px1
AV, =22 e XA Tewo X2 B2 pxdm 5y
C C C 0,1
second iteration
AV 1,132
VO(ave) :|V0(peak) _ar,wer =8,49 — T =7,924
7,924 7,924
—— +—— =105,65
@) T 100K T 300K ua
I ave X T 1 1
AV, (ppy = —SL0 05,65 uxtm _, 56y
C 0,1u
third iteration (not necessary)
1,056
I/o(ave) 8 49 — 7 = 7 114

14-



EXERCISE IDEAL OP AMP ANALYSIS

No.7 Phase Shifter No.8 Phase Shifter
I, R1 l,  RL >
AN AN > O Vin
+ - + - 5
oA rR1 4 oV L R1 __+
| C - v Ml ! A ) f\_
1 \| —0 Vo " + Vin - + Vin - +—o0 Vo
y/ — t 2
1Y 0A Vin (,\P 0A ~ +
V|n o P1 b A‘/\/\’ + P1 i _
Q F' —_L O;\ oV O -Vin
L
P _ V - V_ Vin _ (_ Vin) 2 V
Vi=V, x——"—= I, = IZ_P X P —iX
P —jX. R 1~ JAc 1~ A

2V,
N —y |l -V — V=2V +LP =-V, + P
Vo_ V [R —V ( JRI —2V I/in ) in 271 in (Pl _JXCJ 1

R IS B A R U1
L Pl_JXCJ

v, [ o 1 2p-(P-jx) , _¥._l 27 1 _2P-(P-jX)
be=7" =P - x. T . O s N
Vin LPI JXC Pl_]XC in 1~ JAc 1~ JAc
V. P+jX VP 4ix
AVF:_L:_I#. AVF:_L:_I#,
I/in Pl _-]XC I/m Pl _.]XC
‘/P2+X2 PP+ X
|AVF :1—62—1 |AVF = > =1
PP +(-X,) ,+H(-Xe)
X -X X -X
= =< |_ —cC /A, = ATAN| =< |- ATA
= Jar{ 55 = ar (5 |- arof )
X X
_ “2c /A4, =2x ATAN| =<
L QXATA”{R) = ”{PJ

-15-



EXERCISE
No.9 Howland current source
VO
rRe 4 Q@ I R1
[W——t—~<—W—10 2Y%
- - Vo+ Vo+
0A
S>—
—0O 2Vg
VoO >+
0A
+ VE R1 lin '2 R1
Vin o—wAv—> L MA—0 2V
+ - - VO+
R < +
L Vo

v -V ¥V

I =1 + =——=2

mn Rl Rl
vV VvV ¥

J =—iz_—0o 4o __in
"R R R K

IDEAL OP AMP ANALYSIS

No.10 Bridge Amplifier

O +15V

From the circuit diagram, we have:

L=1-1,
15 15

[ =———
R R +AR

_15R, +15AR —15R,
Y Rx(R+AR)

_ 15AR
TR x(R +AR)
V,=0-1IR,

15AR,

V= ———1 IR
° (Rlx(RlJFARI)]F

-16-
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