EE2301 Basic Electronic Circuit HALT] Solutions for Block D Problem Set 1

Op-ampswith resistive components
Q1. [Problem 8.1]

Solution:

*  Known quantities:
For the circuit shown in Figure P8.1:

P
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G= P_O Rs = 0.6kQ RL = 0.6kQ T P
s '
\
R+ R, + +
Ri1= 3kQ  Riz = 3kQ Ru= 2kQ  Rp2= 2kQ Vi Ry I Vo SR GV TR B2V,
Al = 100 Guz=350mQT Vi, =V, V=V . 1 Avoui ~ [ | -
. Find: Figure P8.1
The power gairs = P/Ps, in dB.
¢ Analysis:
Starting from the last stage and going backwardgete
2
Vo = GM2V|2M21615V|2 = By =V, :V—O = 43.49\/|§
R02"' Ru R,
Vip = AoV = 12— =60V, = B, =1566010° V3
R2+Ros
Vi =Vs R Fil = 0833V5 = R, =1087510° V&
i1
ls=Vg ot = 2778010 * Vg = Ps =Vglg = 2778010 V2
i1
c= R %‘rﬂi = 3915010° = 10dB Log, [ 3.915118 ]=85.9dB
Ps 277800

Q2. [Problem 8.2]
Solution:

*  Known quantities:
The temperature sensor shown in Figure P8.2 predaio® load (i.e., sensor current = 0) voltage:
Ve=VeCOst Re= 400Q Ve = 500mV  w= 628k 20

<

The temperature is monitored on a display (the)ledgth a vertical line of light emitting diodes. Kuoal conditions are
indicated when a string of the bottommost diodesin length are on. This requires that a volthgesupplied to the

display input terminals where: R, = 12kQ Vo = Vo Cosat Vo=6V.

The signal from the sensor must therefore be amaglif Therefore, a voltage amplifier is connectetiMeen the sensor and
CRT Wlth . Rl _ 2 R — 3 Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display
. - 0 - .

Ry, + R, +
. Find: V=R, =R
The required no load gain of the amplifier. Ve = Avouli =

¢ Analysis: Figure P8.2
The overall loaded voltage gain, using the ampéitudf the sensor voltage and the specified CRRgeltnust be:
6V
Ay = h = =
Ve 500mV

An expression for the overall voltage gain can dlsmbtained using two voltage divider relationship
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_ RL _ Ri RL
Vo= AwVi = AwlV |
o] WO V |0 Ro+ RL VO SO Ri+ Rs Ro+ RL
A= Yo o ALR*RI[R*R] _ [12][04+2][3+12] _,q
Ve R RL [2][12]

The loss in gain due to the two voltage division8l@ading" is characteristic of all practical arifiglrs. Ideally, there is no
reduction in gain due to loading. This would requan ideal signal source with a source resistaqoal to zero and a load
resistance equal to infinity.

Q3. [Problem 8.19]

Solution:

Copyright © The McGraw-Hill Comp Inc. ission required for ref ion or display.

R

. Known quantities: AW
The circuit of Figure P8.19.

Find:
Show that this circuit is a non-inverting summer.

¢ Analysis:

R
Applying KCL at the inverting terminalz = (1+ ?f)v—

Applying KCL at the noninverting terminal: kige P8.19
(i +i)v+ Y2 M 0
R R R R

vie— Ry Ry
R+R Ri+R

or

therefore,

R
Va3 =(1+ —f)( Ry Vs, + Ry V;) and the circuit does indeed compute the weighteu af the inputs
RTR+R R+R

Q4. [Problem 8.9]

40

AAAA
LAAAY

Solution:

*  Known quantities:
The circuit of Figure P8.9.

* Find:
The overall gainA, =V, /V; ; input conductanc&;, =ij /i, .

e Analysis:

Applying KVL at node 1: Figure P8.9
iTvi MV v
2 4

Again, at node 2:

%+2:0 or 2V2=Vl (2)

;VO =0or 2v +4y -V, =V, (1)

Similarly, at node 3:
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Vo  Vo—Vy _ _1
< 4+£4£ 2 =00rVy, ==V, 3
3 3 2 2 o ()

Substituting (3) into (2):
Vo =V1

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

Vv 5
_4
OA = z
Now, since
VT VTV MmO g
2 2 2

Therefore, G =¥; =0.1 S

Q5. [Problem 8.21]
Solution:

. Known quantities:
The circuit of Figure P8.21AR = a(xAT)

Find:
a) Thevenin equivalent seen from point a and b.
b) Expression fong, (AT) , if |AR/= KAT .

e Analysis:
(@ The circuit can be reduced to the followingniarsing

Thévenin equivalent circuits:

The equivalent circuit seen at the inverting nauelé a) is:

_ |AR]

R~ AR Ry@—"—5-)
Ro

Ry* 18RI= Ry 0+ 2

The Thévenin (open circuit) voltage is:

RGN arlTThvs

Voc(a) = =
Ro(1+|AR|+1—|AR|) 2
Ry Ry

and the Thevenin resistance is:
- 18R] IAR]y _ Ro _ (18RI\2
Rra =R @+ Ry MR, @+ Ry ) > @- ~ %)

The equivalent circuit seen at the non-invertingen¢node b) is:
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The Thévenin (open circuit) voltage is: |_
-ARZ
a+12Rly = -
v ° VT & iars D
= + 3
OC(b) > 0 I_
_ |AR]
Rrp =—=@0-(——
o) T, @-( R )

Assuming AR |2<< R,
AR
Voc(a) = (1‘%)E5 \Y

RT(a) =500 Q

AR
Vocp) = @+ | R |

)B V

RT(b) =500 Q

(b) For a difference amplifier:
Ry
Vout = E(VOC(b) ~Voc(a))

100°
=——Moc(b) ~Voc(a))

500
_ |AR| |AR|
= 200051+ — - 1-1—
: Ro ( Ro))

=2|AR|
Butif | AR|= KAT , then
Vout = 2KAT
Q6. [Problem 8.34]

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Solution:

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

VSl: Vs2 = 7mV Rl = $OQ R2 = 15kQ RF = 22kQ
Op Amp:Motorola MC1741C
ri=2MQ u= 200,000 r,= 25Q

*  Find: Figure P8.34
a) The output voltage.
b) The voltage gain for the two input signals.

e Analysis:
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a) The op amp has a very large input resistance,\alaage "open loop gain'yj, and a very small output resistance.
Therefore, it can be modeled with small error agaal op amp with:

KVL . VD + VN = 0
g
= = a . »
w=0 = w=0 IRV L
= & i o %E% N
,§ A fé};:%’*g fieif}
KCL . g“ § i? §§
§ooa el L 5& = b
[ § <K w
VN-VS2 , VN-VSs1, VN-VO AT il Ve
NT " * =0 HOAE O
R2 R1 RF LN L) s
- ) - m&f s\
VN ~ 0 IN = 0 ™ -

_ _Re RE._ .22
= Vo= -—vs-—vVs2 = [-——
0= g VST Vs 085

= [-2.588][7TmV ]+[-1.467][7TmV ] = -28.38mV

][7mV]+[-i—'§][7mV]

b) Using the results abové, = -2.588 Ay, = -1.467.
Note: The output voltage and gain are not depenakeeither the op amp parameters or the load agsgist This result is

extremely important in the majority of applicatiomkere amplification of a signal is required.
Q7. [Problem 8.36]

Solution:

. Known quantities:

 Find:

In a differential amplifier, if: An = -20
common and differential mode gains.

Ay = +22, derive expressions for and then determine thaeval the

e Analysis

First consider the case when both inputs are ise@hath equal amplitude (common mode).
=This means that /= V, =V,

Vo—cm = (Avl + AVZ)Vin

Now, the common mode gain equals the common motbeib(V,_c) over the input \,

2Acm = Voerd Vin = A + A = 2

Now consider the case when the input are out oé@kath equal amplitude (differential mode).
=This means that 3= -V; = V;,

Vo—dm = ('Avl + AVZ)Vin
Now, the common mode gain equals the common moteib(\,.cn) over the twice of }{. This is because the differential

input is given by: V-V, = 2Vin
I::>Adm = Vo—cr'rlzvin = ('Avl + AVZ)/2 =21

NOTE: When considering the differential mode outjuioes not matter whether we sgt #llow V, or V;. This is
because we are not interested in the signggfiolit simply its magnitude.
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8. [Problem 8.44 Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or displa
Py F F play
Rr1

Solution:

«  Known quantities:
Circuit in Figure P8.44.

Find: — i
The output voltags,,.

Figure P8.44
¢ Analysis:
The circuit is a cascade of a noninverting op-arith an inverting op-amp. Assuming ideal op-amps,ittput-output
voltage gain is equal to the product of the sirgglms, therefore

V0 = —E[l+ EJVS

1

Rs2 Rs1

[ b| ] Copyright @ The MeGraw-Hill Companies, Inc. Permission required for reproduction or display

Q9. [Problem 8.41
Solution:

*  Known quantities:
The circuit shown in Figure P8.41.

Figure P8.41

Find:
Show that the curreny, through the light-emitting diode is proportionalthe source voltagés as long as Vs > 0.

¢ Analysis:
VAR
Assume the op amp is ideal: SU = if Vg >0 lout =
" =0

V. Vs
R R
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