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* ‘When the bit is 0, the switch is in the position Jabeled 0;

- when the bit is 1, the switch is in the position labe]ﬂd L

 The analog output is the current io. me is a constant reference
volt'lge. S

. (&) Show _that

b, b,
2"’r*
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' (b) Which bit is the. LSB‘? wmch isthe MSB?

© ForV s 10 V,R= 10 kQ, and N =8, fmdthe maxnnum

© yalue of i i, obtained; What is the chauge in i, 1esu]tmg
from the LSB changmg 1" rom O to1? .

,38 In compactmdxsc (CD) audxo techno]ogy, the audio

signal is sampled. at 44.1 kHz. Each sample is 1epresentcd

by 16 bits. What is the speed of thus system in blts

per second? -

Section 1.4: Amphflers

1.3% Varlous amphﬁe1 and load combmauom are measured

as listed bciow using rms values. For each, find the voltage,
. current, and power gains (Av,A,, and 4,, 1espectwely) both as
: muos 'md in dB B -

(@ v = 100wV, a,_loo WA, u(,mlov RL_.mm
® v =10V, i, = 10004, v,=1V, R, = 10kQ
©u=1V,i=1mA v,=5V.R =100

1.40 An amplifier operating from =:3-V supplies provides

a 2.2-V peak sine wave across a 100-£2 load when provided
witha0.2-V peakinput from which 1.0 mA peak is drawn. The
average current in each supply is measured to be 20 mA.Find
the voltage gain, curcént gain, and power gain expressed as
ratios and in decibels as well as the supply power, amplifier
dv;s;]patlon, and amplifier efficiency. :

141 An amphﬁer using balanced power supphcs is known to
saturate for signals cxlen_dmg within 1.0 V of either supply.
For linear operation, its gain is 200 V/V. What is the rms

value of the largest undistorted sine-wave output available,-

and input needed, with £5-V supplies? With 2:10-V supplies?
_With £15-V supplies? -

P = Multislm!PSplce *= dlfﬁcult preblem; ** = more difficult; *** =

1.42: Sj(mmetlically saturating: amplifiers, Gperafitag in the
so-called clrppmg mode, ¢an be used to convert sine waves
to pseudo-square waves, For an amphflct with a small- s1gnal
- gain of 1000 and clipping levels of £10'V, what peak value of -
"input sinusoid is needed to pr oduce an output whose extremes
- are just at the edge, of chppmg‘? Chppcd 90% of the time?
Chppc 99% of the tlme‘? 3

g

Sectlon 1.5: Circuit Models for Ampllflers

‘/‘i 43 Coneader the voltage amphﬂer cu‘cu:t model shown in

": Fig. 1.16(b), in which A,m = 100 \7A% under. the’ followmg- _
coudltlons :

@ B = IOR ' R,;u IOR,,'__ '
(B) Ry=R, R,=R, =~
© R= Rno RL_RIIO

Calcu] ate tha overall voltage gam u,fv, m each case, sxpressed. :
both directly and in decibels.

/ 1.44 An amplifier with 40 dB of small-signal, open-circuit

-vollage gain, an input resistance of 1 M£, and an output
resistance of 100 €2, drives a load of S00 Q. What voltage

. and power gaing (expressed in dB) would - you expeet

with the load connected? If the amplifier has a peak
oulput—cunent limitation of 20 mA, what is the rms value
of the largest sine~wave input-for whl_ch an undistorted
oufput is pbssjble? What is the con_‘cspoﬁding output power
available? ' : '

145 A 10-mV signal source having an internal resistance
of 100 kS is connected to an awplifier for which the input
resistance is 10 k€2, the open-cireuit voltage gain is 1000 V/V,
and the output tesistace is 1 k&2, The amplifier is connected
in turn to a 100-52 Ioad. What overall voltage gain results a8 .
measured from the sonree lnternal voltage to the load? Where
did all the gain go? What would the gain be if the source
was connected directly to the load? What is the ratio of these
two gains? This ratio is a nseful measure of the benefit the
“arnplifier brings. o

1.46 A buffer amplifier with a gain of 1 V/V has an input
re$islance of 1 MS and an. output resistance of 20 €. It
is comnected between g 1-V, 200-k€2 source and a 100-§2

= very challenging; D = design problem




load What Ioad voltage results? What are the corr espor:dmg
vo]tagc, current, zmd power gams (in dB)?

/ 1.47 COIISI(ICI the cqscade amphher of Example 1.3, Fmd the
overall voltage gain v /v, obtained when the first and secoud
" stages are inter changad. Compare this value with the result in
hxample 13, zmd comment,

' ./I,48 You are gwen two amplifiers, A and B, to connect
in cascade between a 10-mV, 100-ks2 source dnd a 100-©2
load, The ampl:[lers have voltage gain, input resistance, and
. output resistance as follows: for A, 100 v/v; 100 k&2, 10 k2,
_ respr..ctwciy, for B, 10 ViV, 10 kg, 1ks3, respectlvely Your
problem is to decide how the ampliliers should be connected,

To proceed, evaltate the two possible connections between

source 8 and load L, namely, SABL and SBAL. Find the
voltage gain for each both as a ratio and in deolbels Which
dmp]lfier arran gement is bcst‘?

) _D *1. 49 A destgnex ‘has ava:lable voltagc ampllﬁet‘s With an-.

input 1esmt4nce of 0k, an output resistance. of 1k§2, and

N open-cucmt voltdge, gain of 10 The 31gnal source hasa
.'10 k2 reslst'mcc and prowdes a 5 mY 1iis 51gna1 and it is”

- ;eqmred to prowde & ssgnal of at least 3V mms to'd 200- 2
: Ioad How rnany amphflel stages are, requuc.d‘? What is the
§ output Voltdge actually ebtamed? :

A) £1.50° Deslg,n an amphher that pr ov1deb 05w of 51gna1

~ powertoa 100- £2 load resistarice. The ';1gml source provides
S A 30-mV Ims 51gnal and has a resistance of 0.5 M£2. Three

: .types .ot'voltage-amphher smgcs are av'u]dble

Problerﬁs 51

D *1.51 Itis 1equ1rcd to demgn d voltage ampllfler to be
driven from u signal source havmg a 5-mV peak amnplitude

* and a source resistance of 10 kQ to supply a peak output of
2y across a 1- kﬂ lmd

(a) What is the reqmrecl voltage gain fmm the ¢ source to the .
load?

(b) If the peak current av'u]able from the source is 0,1 A,

what is the smalfest input resistance atlowed? For the
design with this value of R,, find the overall current gain
and pow_ér gain.

If the arhpliﬁer power supply limits the peak value of
the output open- ~circuit voltage to 3 V, whiat is the largest
output resistance atlowed?

For the design with R, asin (b) audR agin (c), whalls the

v,
reqmled valoe of Open cn‘cult vo]lage gam, ie., ,
v

i RL"’OO

ofthe '1mphfler‘? '
If, as a’possible demgn opuon you are ablc to mcrease R, ’
L to the nearest value of the form 1 10" 2 and {6 decrease
|, to the nemest wvalue of the form 110" €2, find (i)
the input res1stancu dchle\fdbfc (u) thf: outputrcsmtance a
“achievable; and ‘(iii) the open-circuit volmge g’un now
requ:red to meet the spemﬁcat:ons

D 1.52 A voltage amplifier With an input resistance of
20k, sn output . resistance of 100 €2, and a. gain of

: ]000 VN is comected between a-100- kﬂ source with an
_opauwcucu:t voltdge of 10 my and a 10() 52 ]oad Por this g

e 'smmu(m

. -(a) tht output volmge results'?
“(b)- tht is the: Vo]t.lge gain fmm somce to l(}dd"

o {c) ‘What is the volmge gdm ﬂ om the ampllflel mput to the

; :Demgn d smtdble ampltﬁel usmg ‘o Lombm:ltmn of thesa
Stages, Yuur clcstgn should ut?ﬁji
ls_t_dgeb dird shou!d ensuve that th

below 10 mV at any point iri the dmphﬁm ch’uh. ch! the foad - -

‘ voItdge and power output reuhzed

the~mmlmum numbcx of -

load‘?

.:-:(d) If: the output voitdgc ‘ActOss’ the load is twice’ that.".'

'_needed and thefe aré signs’ ot mtemal amphher overlmd :
. suggest the location and V'llut’: of 5111gle re,smlm'_
. that -would “produce the desired  output. - Choose an’
" _ alrangcment that would cause i e dlsrupnon toan

operating cxrcmt (Hmt Ube parallel rather than series
S connecnons) : '

‘BT - Mqlt'is'im{.?fsiaice:;.’f".="d.i'f‘ﬁcuit :ﬁréb'l_ém. *¥ Zmore dlfflcu!t . very chal[engmg, D= destgn problem :
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(b) -

Figure 1,16 (a) Circuit mode} for the voltage amplifier, (b) The voltage amplifier with input signal source
and load.- ] : -

__calculated. If a Toad resistance is not specified, it is normally assumed that the given voltage
" gain is the open-circuit gain A .
The finite input resistance R; introduces another voltage-divider action at the input, with
the result that only a fraction of the source signal v, actually reaches the input terminals of
the amplifier; that is, .

=t

R, | | -
; ' 1.1 "

It follows that in order not to lose a significant portion of the input signal in coupling the signal
source to the amplifier input, the amplifier must be designed to have an inputresistance R, much
greater than the resistanice of the signal source, R, 3> R,. Furthermore, there are applications
in which the source resistance is known to vary over a certain range. To minimize the effect
of thig variation on the value of the signal that appears at the input of the amplifier, the design
- ensures that R; is much greater than the largest value of R,. An ideal voltage amplifier is one
with R, = 00. In this ideal case both the current gain and power gain become infinite.
The overall voltage gain (v,/v,) can be found by combining Egs. (1.12) and (2.13),
Ri RL -

: v,
> : : v, A”"Rf +R R, +R,

There are sitwations inf which one is interested not in voltage gain but only in a significant
power gain. For instance, the source signal can have a respectable vo]tagg but a source
resistance that is much greater than the load resistance. Connecting the source directly to the
load would result in significant signal atienuation, In such  case, one requires an amplifier with
a high input resistance (much greater than the source resistance) and a low output resistance
(much smaller than the load resistance) but with a modest voltage gain (oi even unity gain).
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