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One of the fundamental operations 

to be p rform d with electronic circuit 

i that of amplitude compari on. A mp

litude comparison is the determinatiGn 

of equality between two voltages rather 

than the selection of a waveform that is 

above or below a given amplitude, as in 

amplitude selection. Th amplitude com

parator does not result in the faithful 

reproduction of a portion of a wave

form, bu rather, produces an output 

pulse at the mom nt of equality of two 

voltages. 
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The operation of any amplitude com

parator depend upon the characteris

ti of om non-linear device. First, let 

u consider an amplitude comparator 

using an ideal diode , a shown in Figure 

1. T'he diode is imply a witch. When 

the input voltage i negative, the output 

i z ro; wh n th input voltage i posi

tive the output i K times the i nput 
until the amplifier reach aturation. 
A change in the amplifier gain can 

change only th lope of the input-ou -

put relation. The di continuity of slope 
i detennin d comple ely by the ideal 

diode. If the output i · differ ntiated, a 

voltage tep will be obtained at the 

moment th input cros es zero volts. 
Only the magnitude of the ep will de

pend on the amplifier gain and the rate 
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of chancre of the input \'Oltage. 

Fio-ure 2 how what he pp n \Yhen a 

more pra ti al di d i.· u.·ed. h re i. no 

discon inuity of slop . The amplifier 

gain chang s not nly the lop of the 
input-output characteri tic, hut al. o 
th poin at whi h the curv app ar.' to 
d par from z ro. If thi.· output iR differ

entiated a pul e will hf' obtained. Bot h 
the magnitud and po ·ition f th out

put pul , ho\\·en=-1-, lep nd upon am

plifi r gai n . Thu. h accuracy f an 

amplitud comp rator ha. ed on a prac

ti al dioclP. d pends not only upon th 

tabilit f th diod' characteri ·tic 
but al. o upon he a bility of t h circuitr. 

d t rmine m p int o n th n n

linear charact ri tic. 
'T'here are two ba -ic la of ampli-

tud comparat r . Fir t, ar tho e that 

u linear amplification and pul e . hap 

i ng. Thi group i ubje t o th d iffi

cul i s shown in i igur 2. They are all 

" lope sensitive, ' hat i , the tim a 

which the output wav f rm r a h a 

given voltage level depend upon he 

fr quency or lope of he input voltage. 

Th amount of gain in the amplitude 

mparator determines the minimum 

fr qu ncy at whi h operation i po i

ble. Obviously, th se circuits are usel ss 

as d-c comparators. 

The second group onsists of tho 

that use a reg nera ive amplifier around 

a non-linear device . In hi oToup, th 

ou put pulse is initiated when the input 

Figure 3. 
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v 1 age r a h m pr d t rmin d d-c 
lev 1. Th pul ri tim is <let rmin d 

h the band\\idth of th reg n rative 

amplifi r. In man. f the e circuit the 
rcgenerati' amplifier and non-lin ar 

d vi ar ombin d in t on riode. 

The familiar bl ckino· o illa or hown 
in Figure 3 is a ypi al xampl . Th 

ran form r in th plat circuit proYide 

th po itive feedhack path. If h inpu 

i uffi ien l. n -gativ , th tub i cut 

off. A th input voltaO'e ri e , a poin t i 

rea hed Vi here the ub tart to con
duc and at thi point a regenerati' e 
action tart prm iding a harp n g -

tiv pul a h plat with a lope in

dep nd nt of th input waveform. Th 

ampli ude mpari n pend no· nl 

n h bility f the triod chara er-

i ti but al o on th appli d pl t and 

heat r vol ao· u1c th e riously 

affect th cut-off voltage. 

Ano her xampl hown in Fio-ur 4 
i a m n tabl multivibrator, of en 
called the ' lono--tail d pair.' V2 i 

normally off and 1 i n a tin a a 

cath d f Hower inc he ca hode re-

i tor is large. th inpu oltag and 

th r for th �athod of 2 uo ne o-ative 

a p int is rea hed determined by th 

r f ren e voltao- n the grid of 2, 
wh r V2 start to conduct. Thi om

plete a po i ive f d a k p h fr m th 

plat of V1 ba k t th cathode of \ 1 

and a reo-en ra ive action 

du ing a harp n gativ pul 

Figure 4. 

MONOSTABLE MULTIVIBRATOR 
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SCHMITT TRIGGER CIRCUIT 

Figure S. 

inductor in the plate of V2• The accu

ra y of thi ir ui t als depend upon h 
stahility of the ub charact ristic and 
upon the applied voltages although 

OUTPUT 

INPUT 

� j_O--------l2: I 
-::-

MULTIAR 
Figure 6. 

drift from heater voltage chang t nd 
to cane l to some degree . 

� i gure 5 shows he familiar chmitt 

tricro- r cir uit. V1 is no rmally on and i ts 

low plate potential holds V2 off. de

creasing input voltage waveform ' ill 

eventfrnlly permit V2 o conduc . Po i

tive feedback throurrh the common 
athod re ·istor tart a rcgcnerati ve 

action, which cut off V1 and giv a 
negative output at th plat of 2. in 
the pr viou ir nit the p in of ampli

tude con1paii. n d J nd upon b h the 
tri de characteri tic� and the applied 

voltage. 

NOVEMBER, 1965 

01 oth r ircuit which is u eful, 

becau · it i8 rcasonabl independen t 

of th amplifier tu be charact ri tic and 

th appliedplat voltarr i . · th l\ 1 ultiar 
h \Vn in I ignr G. Accura of ampli-

tude '. m1 ari ·on 1 p nd primarily upon 

the diod he raeteri 'tic · .  l\ o rrn all.' the 

p ntod i ndu tin '. Th po iti ve 

fe dl ack path thr ucrh th transformer 

i l r k n b th cliod , which is non
con Iucting. v hen th input voltarre 
denC'a ·c. to th poin wh r th diode 

on luct.· a r g n ratiY<' a ti n tart 

rapidl.) ·utting off the 1 n ·od . 

Optimum .·ensitivity for thi type of 

circuit can he deriv cl an l d m n t rat 
the fundam ntal limi ati n. In h - fun -

tional circuit of Figure 7, he op n 1 op 

gam1 

R 
G =I( R +r· 

The hancr in loop ain caused by a 

change in th diode re 'i tance is 

dG RK 
dr = - (R + r)2 

The valu of R for maximum en i
t' vit , can be found by differentiatin 
thi exp re ion with r pc t R and 
setting the re ult qual to zero. 

Figure 7. Functional schematic of the regenerative 

feedback type of circuit. 

K 
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Figure 8. Functional diagram of new circuit, in Figure 9. An amplitude comparator, based on 
which sensitivity increases directly with amplifier the circuit of Figure 8. 

a(�) 
dR 

gain. 

= -K (R + r)2 - 2R_ (R + r) 
(R + r)4 

=0 
Solving thi equation, we get 

R = r 
For maximum en itivity, therefore, 

the diode should be operated at its most 

non-linear point, and the ·eries resi tor 

should be cho en to qual the resistance 

of the diode at thi point. The amplifier 

gain required for optimum sensitivity 

is I<: = 2. 
In this type of circuit, the diode is 

used to change the amount of po i ti ve 

feedback. When the loop gain reaches 

plus one, the circuit will oscillate. In

creased sensitivity can not be obtained 

by increa ing the amplifier gain beyond 

K = 2. 
Figure 8 shows a new circuit in which 

the en .. itiYity increases directly with 

amplifier gain . 

The significant difference between 

this circuit and previou circuit i the 

use of two feedback paths: a positive 

feedback path including the diode and 

the resistor Ro; and a nega ive fe dback 

path including the two resi tors R. The 

polarity of the net feedback depend 

upon the diode re i ·tance. When the 

diode re i tan i greater than Ro, the 

net f edba k i negative. When the 

diode resi tance i · less than R0 the net 

feedback i positi ve. A th input volt

age vane from negative to positive, 

the diode impedance change , thu 

changing the , ign of th feedba k from 

negativ to positive. A in othe r re

generative cir uits, o cillation o curs 

when the loop gain reach s plus one. 

Howev r, in this cir uit, a loop gain of 

plu one can be reached by progres

sively smaller change · of diode r -i t

ance as more and mor gain is u ed 111 
the amplifier. 

This circuit makes i po ible to 

determine a point on the chara t ri ·tic 

of the non-linear device with as much 

pr ci ion as desired. H owever , no cir-

uit can improve the inherent stability 

of the non-lin ar device. 

An amplitude comparator 1 based on 

thi idea i hown in Figure 9. Th u e 

of four diode in the bridge give an

other fa tor of four in the ensi ti vity 

and provides some cancellation of drift 

in diode characteristics with temp ra-

1 U. . Patent o. 2,715,718. 
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ture. To insure that the amplitude 

comparator will operate at a particular 

voltage level, independent of the lope 

of he input voltage, require that he 

four ·apacitors that couple the diode 

bridge to the differential amplifier b 

ufficiently ·mall so that a negligible 

amount of the input signal be coupled 

to the amplifier stage. For proper opera

tion, the input voltag rve only to 

chang the eff ·ti ve resistance of the 

diod and, therefore, the polarity of 

the feedback. N oi e in the amplifier 

stage should then trigg r the regener

ative action. 

If a d-c voltage greater than that 

requir d to star the regenerative action 

i applied to the di de bridge, an output 

pul e will be generat d. After hi pulse, 

it is nece ·ary for th plate and grid 
coupling capacitor to recharge. s oon 

as recharge occur , another pulse will be 

gen rated. Thu the output consi t of 

a train of pul e paced by the re overy 

tim . If the input voltage consist· of a 

aw ooth swe p, the recovery ime can 

be made r-;uffieientl,v loner o that he 

circui will be re et by the railing dge 

of he sweep, and a ingle output pulse 

can be obtain d. 

Another effect of the diodes and the 

c u pling capaci or is a hy tcre is eff ct. 

If the tim c·on ·tant are not chosen 

car fully, it will be found that once the 

circuit tar s to o cillat , it r quire a 

relatively large change of applied volt-

NO VEMBER, 1955 

age to top the o cillation. One of the 

imple t method to a oid hi effect is 

o u e mall inductor to coupl the 

ignal voltage to the diode bridge. 

By u ing ufficient amplifier gain, the 

ffect of plate and h ater voltage 

change can be made a mall a d -

sired. With a ingle double triod such 

a the l 2A 'I 7, th gain i sufficient to 

reduce these eff ts to a few millivolts. 

The en itivity of this cir uit i about 

one-tenth of a millivolt. This sen itivity 

i so much great r than the stability of 

the diodes being used tha any further 

increase in ensitivity, which could eas

ily be obtained by adding another tage, 

would be u el s. 

In order to mea ure the sensitivity 

and also to d termine how much stabil

ity could be obtain d, a comparator 

wa built with four germanium diodes. 

To redu e the effect of t mperature on 

the diode characteri tic ·, they were 

placed in a small o tal- ock t- ize crys

tal ov n. Thi oven held the diode tem

perature con tant within one degree. 

Figure l 0 ·how th drift from a cold 

tart for a three-hour period. The shape 

of the curve for the fir t few minute as 

the oven warms up i. irrel vant. Drift 

with the cycling of he oven i · less than 

one millivolt. The slow drift i about 2.5 

milli olts per hour and end a· th 

diodes stabilize heir chara teristi s as 

shown in Figur 11. Figure 12 show 

the eff c s of line voltage. Both plate 

Figure 10. Three-hour record of drift of the new circuit from a cold start. 
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Figure 11. Drift record after diodes and other circuit elements reach temperature equilibrium. 

and h at r suppli were varied . imul

tanC'ou ly. 

UH.: he s nsiti \'ity of thi::; ·om-

parator i · · o much gr 'ater than the 

tahility of th diode· used in th 

bridge, it seem· de irabl' to find :-;ome 

oth r non-lin ar device which i::; m re 

tabl with temp raturc than the ger

manium diode" long as th non

lin ar d vice i ·ta bl , mor . n iti vity 

an be obtained by adding additional 

amplifier gain. ::.VIu h work remain· to 
be don in thi · direction. 

In addition to it· many application. 

in cl ctronic equipment, thi · c-in:uit 

ha in cresting po· ibilities in indu::;

trial rnea urernen and ·ontrol systems. 

+3 

+2. 
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-I 
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LINE VOLTAGE 

vVhcr ver i i po. ibl to g n rate a 

variabl imp 'dance with t mp >ratur 

prcssur , p .·ition, or oth r quantity, 

it i po ·:sibl to u · this compara. or 

circuit dir ctly wi hou t fir t g n r ing 

a voltag proportional t h quantity 

to be me·01 ·ured. Th cir u1 doc· no 

r quire vol ao-e information hut can 
o· n rate an outpu pul directly from 

an imp danc chang . For uch appli

cation , th diod bridg would be r -

plac d b combination of linear re-

·i ·tor and clement·  with a r istance 

change prop rtional o the quan ity 

to be detected. Thus any of th e quan

titi could be controlled by a r latively 

simple circuit with high sen itivity. 

- M. C. HoLTJE 

Figure 12. Effect of 

line voltage varia-

lions. 
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THE VARIAC® AS A MEANS OF PROVIDING 

C 0 NS TANT-POWER-FACT 0 R, 

VARIABLE-CURRENT LOAD 

In educational-laboratory te ting of 
alternators and trans£ orm rs it is fre
quently desirable to provide a constant
power-factor, variable-current load. 
Adjustment of both re i tive and re
active elements to a hieve ten or twelve 
point f r a curve i b th tediou and 
time consuming. With the cir uit of 
Figure 1, the d ired load macrnitude 
can be obtain d quickly and easily. 

At a 1 :1 ratio adjustm nt of the 
Variac Autotransf rmer the reactive 
and resistive omponents ar made to 
take approximately full load current 
at the desired power-factor. or other 

urrents the Varia is adjusted to 

other ratios. The load th n appear to 
the source as (N1/N2)2 (R + jX), wh r 
Ni and JV 2 are the turns in the p rim ar. 

and secondary circuit , respectiY�Y 
and R, + j_..,r are the equivalent .��Iii,. 
components of he load. vVhile. -�h 
parallel inductance and re i tan e :Qf 
the Variac mu t be taken into acco11.nt 
at high transformation ratios, the sin;i.p� 
expre ·sion is adequate for mo t u �ff�, 1 

The single-pha e illustration is ea il� 
extended to three-phase circuits by us 
of a three-phase Varia ·® a embl . 

Note: ·we are indebted to Profc sor J. Brue 
Wiley, of the niversity of Oklahoma, for thi 
interesting application of the Variac. - EDITOR 

TRANSFORMER 
OR 

ALTERNATOR 
BEING TESTED 

VARIAC 

Load magnitude 
is varied by ad

justing Varia,, 

while power fac
tor remains fixed. 

LOAD 

MISCELLANY 

Among the friend from over ea 
whom we have welcomed to our plant 
and laboratorie at Cambridge during 
the past everal month ar : 

Professor Abrahao Izecksohn, of Es
cola N acional de Engenharia, Rio de 
Janeiro; and Dr. Guilherme Ribeiro, 
Civil Engineer, Sao Paulo, Brazil. 

C. S. Rangan, Scientific Officer a-
tional Physical Laboratory w Delhi; 
and V. K. B. Unni, enior Technical 

A istant India Me eorological De
partment New Delhi, India. 

Enzo Finardi, Sales Manager, Ing. 
Giovanni ane ·allo, Technical Dire -
tor, and Dorando 1a imello, Director 
Societa Elettr tecnica Chimica I tali
ana, Milan Italy. 

Dr. Ma ashi Naito Electro T chni al 
Laboratory Tokyo; Keii hi Takama, 
Director and s istant Chief, Meisei 
Denki I{. IC Tokyo; and Yo hiji Toy -
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shima, Furukawa Electric Company, 
Ltd., Yokohama, Japan. 

Andre Levy Soussan, Realisations 
Electroniques Du Maroc, Casablanca, 
Morocco. 

Dr. M. Gevers, Research Project En-

SOME 

Before the munitions makers start 
bidding for the right to our new atomic 

rifle , we hasten to explain that, in the 

photograph on page 8 of our October 

issue, the bullet was travelling about 

2, 700 feet per second, not 1 0,000. The 

10,000 figure is the fla hing peed of the 

stroboscope, as stated in the first para-

gineer, Philips Research Laboratories, 

Eindhoven, Netherlands. 

Dr. John R. Whittaker, Principal, 

Technical College, Dundee, Scotland. 

Karl-Ake J arbelius, General wedish 

Electric Company, Ludvika, Sweden. 

BULLET! 

graph of the caption. Our balli tics ex

pert denies all responsibility for the 

second paragraph, claiming that the 

error is obviously an editorial one. 

After an exhaustive inve tio·ation 

the editor has decided to apologize 

and to claim he was out of town 

when it happened. 
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