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Decrr Friend:

,Congrqtulations on your purchcse oi g e K - Precision Test Equipment, cnd

welcome to the B & K fcrnily. We hope your experience with your new test eguip

ment will mcke you <r lifetime B & K customer.

Your instrument is backed by more thcrn 20 yecns of experience in designing

qnd mcrrufccturing. Our most importcnt gocrl is your s,qtisfaetion. At B & K, test

equipment is mqde to meet the demqnds of the field, focusing on dependcbility <rnd

o.*to"y. We qlso concentrqte on simplicity crnd opercting ecse with features that

reduce the possibility of humcrn error crnd speed the servicing Process.

In order to determine the type oI test uniis thqt cne needed we hcnre been grided by letters cnd rep

from technicians cnd engineers who use the equipment dcily. Our field tests cnrd studies hove helped pro'

better crnd fcrster service techniques. Close contcrct hqs been mcrintained with the mqnufqcturers oI consu

products which our test units will be checking qnd troubleshooting.

Key personnel in our compcny cut their eye teeth in the TV service business. This is why we hcnre r
"sensitivity" for the problems and conditions under which the test eguipment will be used.

B & K product designs cre constcntly reviewed, qnd retinements cne mcde or new models develope

meet qdvances in ogr industry crnd to fillyour needs. We set our stcnrdcrrds high so you cqn be crssured

the B & K test instruments you buy represent cdvcnrced designr, quclity constrtrction, ond dependcrble I

term performcrnce crt cr price you cqn sfford.

If you hqve qny conrments or thoughts cbout our products, or test equipment in general, I woult

delighted to hecr from you.

Thonks for your confidence in B & K crnd we look forwcrd to serving you for a long time io come'

Sincerely,

v

art/4**
Ccnl Korn
President
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INTRODUCTION

SPECIFICATIONS

\,

The BdK/Precision Model E-3108 is a wide rqnge

crudio generctor which provides both sine qnd squqre

wcve outputs. Its duql function lecrtures hqve been

designed to provide the most effective qll-inclusive

generctor fqcilities for the laboratory cnd for the

service technician. Its accuracy and wide-range

output level make it suitcble for most lcborctory

cpplicctions. Used in coniunction with the crtten-
uqtors which provide up to 56 db attenuation, very

cccurqte low-Ievel cclibrsted outputs may be ob-

tcined. This fecture is useful in mqking stcge gain

checks of qll types of cmpliliers which opercte in

the freguency rqnge ot 20 Hz to 2 MHz. The low

distortion sine wqve output may be used trs q

standcrd in testing frequency resPonse of crudio

canplifiers, modulcting r-f generctors qnd mqny other

crpplicctions. The exbemely fcst sqncre wcve rise

time is ideal for rcpid evaluqtion of audio cmplifier

chqrqcteristics, including lreqnency response, phcse

crnd frequency distortion, high qnd low frequency

boost qnd qttenuqtion. The overoll performqnce of

cn cmplifier can be cnolyzed with this instrument.

The Iine vernier tuning permits cccurcrte resetting ot

the frequency dial. The cll solid-stqte zener-reg-

ulcrted circuitry mqkes the instrument immune to

frequency or output level variqtions due to line

voltage fluctucrtions crnd provides excellent short

term frequency stobility.

The cccurcte step qttenuators qre cm excellent

mectns of cclibroting oscilloscope verticcl qtten-

uqtors, while the overcll frequency resPonse of crn

oscilloscope can be evqluqted by using the squcre

wqve output.

v

SINE WA\IE:
Freqnency Rcnge: 20 Hz to 2.0 MHz in 5 decade

ranges: 20-200 llz; 200IIz to 2 Kllz; 2-20 KHz; 20
KlIz to 200 KIIa and 200 KHz to 2 MIlz.

Output: 0-8 volts RMS into high impedcrrce loads;
0-7 volts RMS into 600 ohm; + I db mqximum
rrrrplilgde vqriqtion over frequency r(mge.

Distortion: 0,1Yo typical; 0.250/" mcurimum.

SQUANE WAVE:

Frequency Rcrrge: 20 Hz to 200 KHz in 4 rcrnges:
20-290llz; 200 Hz to 2 Kllz; 2-20 Ktlzt 20-200 KHz.

Rise Time: Less thqn 100 ncrnoseconds ct 20 KHz.

Output: 0-10 volts peck (nominal).

Symmetry: Balqnced within 1Yo or less.

FREQITENCY CATIBRATION ACCIIRACY: +zyo,
100 Hz to 2 MHz; +27o or one cycle below 100 Hz.

ATTENUATORS (both sine and squcre wcve out-
puts):

Step: Total of 56 db in six steps (20 db, 20 db, l0
db, 3 db,2 db cnd I db).

Accurccy: -+57" when terminqted in 600 ohm lood.

Continuously Vcriable Control: Adiusts output
foom mcximum down to less than 0.25 millivolt
when used with step cttenuctors.

POWER REQUIREMENTS: I 10-130 volts, 50S0 IIz
AC; 15 wqtts (Avcilcble lor ll0/230 volts, 50€0 tlz

operction).

DIMENSIONS: l2s/tx7t/+x8" deep. Weight: l0 lbs.

v
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Figure l. Front Pcnel Controls ol E-3108

DESCRIPTION AND FUNCTION OF CONTROLS

l. RANGE SWITCH-selecrs one of live frequency
rqnges for sine wqve output cnd one o'f fou?
frequency rqnges for sgucre wqve outpnt.

SWITCH FREQUENCY
POSITION NANGE

XlO. .  .  .ZO Hz to 200 Hz

Xl00 . . .200 Hz to Z KHz

XIK. . . .ZKHz to Z0 KHz
Xl0K . . .Zo KHz to 200 KHz
Xl00K. . ZOOKHz to 2 MHz (Sine wqve only)

2. Sir]" ( ru )/Squqre ( "1. ) Wave switch - Selects
either sine wcve or squqre wqve output.

3. Ac-oFF/ourPUT TEVEL-Turns unit on qnd offcnd provides q continuousry vcniqbre ""tp"i revel
adjustment.

4. Pilot Light-Indicqtes whether unit is on or off.
5. Step ATTENUATOR-provides up to 56 db of

qttenuation in 6 steps when output is termincted
into 600 ohms impedonce. No fiied qttenuqtion is
provided when the ATTENUATOR switches crre
in the OUT position. When the switches qre
plcced in the IN position, the indiccted qmount
of qttenuertion is plcced in series with the output
signol. The totql ciltenuqtion is the sum oI'qt-
tenuqtion levels indicqted at the individuql ctten-
uqtor switches.

Steps ure: 20 db, 20 db, l0 db, 3 db, 2 db,l db.
Eoch qttenuqtor is not in the circuit when the
switch is in the OUT position. Ecch qttenuqtor is
inserted into the circuit in the IN position oI the
switch. The totql qttenuqtion of thb signol is the
sum of qll the qttenuqtor switch", in the IN
position.

OUTPUT IACKS-The sine cnd squore wqve out-
puts ore mqde cvoilqble qt these jacks.

Tuning Knob-Provides frequency selection from
the lrequency dicl with o. li to I ieduction rctio.

circuit Protection-Fuse crecessible qt front pcnel.

6.

7.

8.

v
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This section describes the bosic operotion of the
front ponel controls ond the use of the qttenucrtor
network. Before the generotor is connected to ct
circuit, the signol level normally present in the cir-
cuit to be tested should be determined in order to
prevent possible domoge to the circuit by exces-
iiveiy high level input signols. As cl preccrution, the
OUTPUT LEVET control should be set towords mini-
mum qnd some of the ATTENUATOR switches
ploced in the IN position before connecting the gen-
erqtor. It is good proctice to operote with some
minimum qmount of fixed qttenuqtion.

If the point where the signal is to be iniected hqs
cr d-c potentiol, o copocitor should be plcced in
series with the output of the generotor to qvoid

looding d-c circuits with the low output resistonce
of the qttenuqtor qnd to protect the qttenuqtor net-
work. The ccpccitor vqlue should be determined by
the input impedcnce of the circuit under test qnd
by the {requency rqnge to be investigoted. II q low-
frequency signcl is injected into q low impedonce
circuit, o lcrge coupling copcrcity should be used.
To minimize omplitude-versus-frequency variqtions
due to input coupling networks, the product of the
copacitor vqlue in microfarads times the cmplifier

OPERATING INSTRUCTIONS

G EN ERAL

OPERATING PROCEDURE

input impedonce in megohms should be qbout ten
times the period of the lowest frequency used. For
exomple, if 100 Hz (period is I ,100, or .0I second) is
the lowest frequency to be used, qnd the ,cmplilier
input impedance is 100,000 ohms (0-l megob-), then
the coupling copocitor vqlue should be selected to
give c iime-conitqnt of clbout 0.1 second (ten times
the period of .01 seconds) os follows:

0.1 (Megohms) x C (Mfd) : 0.1, & C (Mfd, :*l- - t.
U . I

A coupling capocitor of qbout one microfqrqd should
therelore be used.

Use shielded cqble to connect the generctor output
to the circuit under test. This is especiolly important
when moking distortion meqsurements and stcAe
goin checks, porticularly ct low frequencies qnd low
6utput levels. Unshielded leods cqn be used when
the generqtor is being used cts ct signcl source for
poinl-to-point signcl trccing crnd other non-critical
opplications. A VTVM should be used to monitor the
generotor output level when performing resPonse
checks on low impedonce, frequency-sensitive cir-
cuits to verify the signcl level being iniected into
the circuit under test.

\3

To ploce the generotor into operqtion proceed as
follows:
l. Connect the generqtor to a 110-130 volts 50/60

Hz q-c source.
2. Set the RANGE switch to the desired frequency

bqnd. (Frequency dial numbers crre multiplied by
rcrnge switch setting; for exomple, l0 KHz = I0
on diol qnd X lK rcnge switch setting.)

3. Adjust frequency diol to desired setting.
4. Set SINE-SQUARE wcrve switch to desired wqve-

form.
5. To turn unit on, rotqte OUTPUT TEVEL control

clockwise. This knob qlso controls the output
level oI the generotor.

6. The instrument is now reody for use. With qll the
qttenuqtor switches in the OUT position qnd
the output level control fully clockwise, the signcl
level qvqilqble at the output jccks is opproxi-

LOW LEVEL CALIBRATED

It must be remembered thot to obtqin qccurqte
outpuls, the qttenuqtor must be properly terminqted
qs outlined obove. To obtqin low level cqlibrqted
outputs, the OUTPUT LEVEL conhol is set to q reler-
ence point with oll the qttenuqtors in the OUT posi-
tion. Tqble I is o conversion of db to volts using I
volt qs o reference. With the qttenuqtors in the OUT
position o meter is connected ocross the butput
terminqls ond the output levei control is cdjusted

6

mctely 8.0 volts RMS Q2.6 volts peok'topeck) V

for sine wcve signcrl, and l0 volts peok-to-peck
for squore wqve signol. The output level control
vqries the signol level from neqr zero uP to the
mqximum levels given. If some of the attenuqtor
switches qre ploced in the IN position the
signol level ct the output jocks will be reduced
or qttenuoted from moximum. For proper opera-
tion of the qttenuqtor switches, the output of the
generctor should be terminqted externqlly into
600 ohms. A 620 ohm resistor or two 1200 ohm
resistors in parcllel are suitqble for this Purpose.
The qttenucrtors qre useful for reducing the totcl
signol level ovcilcble qt the output jccks, cnd
ollo for obtcining qccurqte low level signcls
which connot be meqsured qccurotely on the a-c
rqnges of VTVM's qnd multimeters. This is uselul
when testing high goin omplifiers which require
very low level input signcls lor proper output.

OUTPUT LEVELS

for q meter recding of 1.0 volt. Plocing cttenuqtors
in the IN position will reduce the signol qt the output

lacks to the vqlues shown in Tqble l. For exomple,
with 20 db qttenuqtion the output would be .l volts;
with 30 db qttenuqtion the output would be 32 milli-
volts (.032 volts); with 54 db ottenucrtion the output
would be 2.0 millivolts. If o reference other thqn
I volt is used, the output would be proportionolly
relqted to the volues shown on Toble l. For exomple,

v
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if .5 volts reference is used, the output with 54 db
qttenuqtion would be 1.0 millivolt (holf oL 2.0 milli-
volts).

The ATTENUATOR switches ccrn qlso be used to
obtqin cpproximcte output level signcls without
mecrsurilg_ tlre gutput Jeyel eqch time the generctor
is used. with oll the ATTENUATOR switchbs in the
OUT position qnd the output terminated, q meter is
connected qcross the OUTPUT terminqls. The OUT-
PUT LEVEL control is rotqted to mqximum qnd the
meter recding noted. This is the mqximum signcl
level cvcilqble qt the generotor OUTPUT termiriqls.
Figure 2, Conversion of VoltcAe Rqtios to DB, is then
used to determine the qmount of crttenuqtion re

quired to obtcrin lower siglcl levels. For excmple,
if the mqximum output of the generotor is 7.0 v-olts
RMS qnd q signol level ol .S volts RMS is desired,
it is only necessqry jo divi{e 7.0 by .S which gives
cr 14 to I ratio. From Figure 2, the number of decibels
c-orresponding to cr voltage rqtio of 14 is Zg db,
therefore, introducing 23 db qttenuqtion wirl reduce
the 7.0 volt signcl to .5 volts. The grcduqted mcnk-
ing cnound the OUTPUT LEVEL control cqn qlso be
used qs reference for other thqn mqximum output
level settings; however, it must be remembered thqt
the output level is not proportionql to rotction of
the output control when 

-terminqted 
into 600 ohms.

The s_igncl level qt eqch grcduotion must be deter-
mined.

I VOLTREFERENCE:

4 5

25

l 1 3

l r o
crt
trJ q
6

6
lrl
o

N t, 5 (t

VoLTAGE RATIO_+
o { c D @ 6  g  g  6  g g d g E g

Figure 2. Conversion of Voltoge Rotios to DB

o o
o o

DB VOI.TS DB votTs DB votrs DB votTs DB
MIttI-
VOTTS DB

MILLI.
vo[Ts

- l .89 - l l .28 -21 .089 -31 .028 -41 8.9 -51 2.8
-2 .79 -t2 ,25 -22 .079 -32 .025 -42 7.9 -52 2.5
-3 .71 -13 .22 -23 .a7l -33 .022 -43 7.1 -53 2.2

4 .63 -14 .20 -24 .063 -34 .020 -44 6.3 -54 2.0

t.8

r.6

-5 .56 -15 l8 -25 .0s6 -35 . 018 -45 5.6 -55
-+ .50 -16 . 1 6 -26 .050 -35 .0 t6 -46 5.0 -56

- t0 .32 -20 . 1 0 -30 .032 -40 .010 -50 3.2
Tqble l. Conversion of DB to Volts

)

v
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CALIBRATION OF PEAK.TO.PEAK

The qttenuqtor network operotion opplies to sine
wcrve ond squcne wqve signcls. Sine wcve signol
levels cqn be determined using qn q-c voltmeter of
suit,rble qccurqcy and frequency rqnge. The re-
sponse of qn q-c voltmeter to squcne wove input
signols is dependent on the voltmeter design; there-
Iore, q general stqtement regording interpretotion
of q-c voltmeter reqdings with squcre wqve input
signols ccnnot be mqde. Peqk-to-peok sgucre wdve
levels con be determined crs follows:

l. Use cqlibrqted verticql qttenuqtor oI qn oscillo-
scope, if provided.

2. If the oscilloscope does not hqve a cclibrcted
verticql crttenuqtor, the verticql omplifier of the
oscilloscope should first be cqlibrqted by using
the sine wqve signcl output of the generotor.
The scope qnd q voltmeter qre connected to the
output of the generctor qnd the OUTPUT TEVEL
control on the generotor is odjusted for cr con-
venient reoding on the voltmeter; for exomple,
10.0 volts peok-to-peqk. If no peok-to-peok volt-

TYPICAL APPLICATIONS

The overall performonce of qn cudio cmplifier
cqn be evqluqted by using the sine wqve output
signol {rom the generqtor. In order to qrrive ct vqlid
conclusions when the omplilier is tested, it is neces-
sqry to know the munufqcturer's specificqtions re-
gording bondwidth, mcximum power output, mqxi-
mum undistorted power output, input sensitivity,
etc. The omplifier frequency response chqrqcteristic
is usuolly presented qs shown in Figure 3.

Cqre should be tqken in interpreting the omplifier
performcrnce observqtions mqde with the scope cnd
VTVM qs these instruments moy not hqve llot re-
sponse chorqcteristics over the frequency ronge to
be investigcted. This condition would give mislead-
ing indicotions of the true ompli{ier bqndwidth. II
the qctuol frequency response of the scope and
VTVM is not known, the following test should be
performed: with the generotor termincrted with 600

SQUARE WAVE AMPLITUDES

meter scole is provided multiply the voltmeter
RMS reoding by 2.828.

The verticol gcrin control of the oscilloscope is
then odjusted so thct the sine wqve pcttern
occupies o given number of divisions on the
scope grcticule. The peok-to-peok volts per divi-
sion cqn then be determined. The generqtor is
then ploced in the squcrre wqve mode and the
squqre wqve peok-to-peok output level can be
determined by using the cqlibrqtion obtcined
with the sine wcrve signcl.

NOTE: II the low frequency response of the
scope is not known the squcre wqve out-
put level cqlibration should be performed
ot o frequency of opproximotely I KHz.

After the squore wqve hcs been cqlibrqted and
the setting of the OUTPUT LEVEL control noted,
the ATTENUATOR switches cqn be used to re-
duce the level of the squqre wqve signol in the
scme mqnner qs the sine wqve is reduced.

ohms, connect the VTVM qnd oscilloscope directly
to the generctor output terminqls. Adjust the gener-
otor output to q convenient level qs observed on
the VTVM. II the VTVM hqs q db scole, cdjust the
generotor output level for q convenient reference
point, such qs 0 db, -2 db, + I db, etc. Plqce the
generotor RANGE switch in the X l0 position qnd
rotqte the tuning knob {rom the lowest frequency
to the highest frequency of the diol ond observe
the voriqtion in output level on the scope ond VTVM.
Repect the procedure with the RANGE SWITCH in
the Xl00 ond X lK positions. A log similar to thot
of Figure 4 cqn be constructed to record the response
of the generotor-VTVM combinqtion. Although the
generctor hqs q response of :t I db, output vcniq-
tions olong with the meter response should be taken
into considerqtion when mcking qccurqte bcnd-
wldth checks of crmpliliers.

\3
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treble controls of the cmpli{ier qffect the freguency
response of the amplilier. Figure 5 illustrqtes the
response curves that mcy be obtqined with settings
of the bqss qnd treble controls qt minimum, mid-
rqnge qnd mqximum.

F R E Q U E  N C Y
Figure 4. Compqrison of Generotor-VTVM cnd Audio Amplifier Response Curves

The roll-off of the generator-VTVM chcnccteristic
qt low lrequencies should be qdded to the omplifier
response curve to give q better indicqtion of the
cc_tuo_l bondpass quolity of the cmplifier.

It should be noted thcrt the setting of the boss and

- 2

- 4

- 6

- 8

cl
3
l^l
a
z
o
(L
(n
lrl(r

500  Hz  I  KHZ 5  K H Z  I O  K H Z 5 0  K H Z

Figure 5. Effect oI Bqse qnd Treble Controls on
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MEASUREMENT OF AMPLIFIER FREQUENCY RESPONSE AND HARMONTC DISTORTIO
(See

To check hormonic (non-lineqr) distortion in qn
cmplifier, cr distortion onolyzer is connected to the
omplilier output. The distortion introduced by the
omplilier can be evqluated of vcrrious freque-ncies
through the cudio ronge. A scope mqy be olso con-
nected to the omplifier output (in pcrrollel with the
distortion onalyzer) to determine if the distortion is
due to the omplifier being overloqded which will
result in clipping of the output wqveform.

Proceed qs follows:

l. Connect the generctor to a 117 V AC 50/60 Hz
power source qnd rotote the AC OFF,/OUTPUT
LEVEL control clockwise to turn unit on. Gen-
erolly, the signol level input to qn cmplilier is
very low; therefore, the ATTENUATOR network
should be used qs described earlier to preset
signol levels to prevent possible domoge to
omplifier input circuits, porticulcnly if solid
stote. The mqnufqcturer's specificqtions on input
signal level should be used crs q guide in deier-
mining the qmount of fixed qttenuqtion to be
introduced in the signcl poth.

2. The RANGE switch qnd frequency diol should
be odjusted to obtain o frequency in the mid-
rqnge oI the omplifier bqndwidth. In wideband
qudio ompliliers 1000 Hz is usuolly used qs cr
relerence frequency.

Figure 6.)

3. Plqce the wqveform switch to the Sine (n )
position.

4. Before connecting the generotor to the omplifier,
disconnect the speckers, if cny, qnd connect q
load resistor of suitoble vqlue to the cmplifier
output terminqls. The resistor vqlue in ohms
should mqtch the omplifier output terminal im-
pedance to which connected; e.g.: 4 ohms, I
ohms, 16 ohms. The wqttcAe of the loqd resistor
should be equivqlent to the power output of the
crmplifier.

5. Adjust the OUTPUT LEVEL control to minimum
qnd connect the generctor output to the cmpli-
fier input. Alwoys connect the ground leod of
the generotor to the amplifier ground point be
fore connecting the signol leqd. Connect on
oscilloscope ond q VTVM qcross the cmplifier
output locrd resistor. Set the cmplifier volume
control cnd the boss ond treble controls, if pro-
vided, to midrcnge.

6. Adjust the OUTPUT LEVEL control on the gen-
erctor ond the volume control oI the cmplifier
until c meter reading is obtqined and o pcttern
is seen on the scope. Then odjust the input level
to obtqin the desired output test signal level.
It mqy be desired to test qt mqximum rqted
power output or qt q reduced listening level.

\,
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Figure 6. Typicol Setup for Audio Amplif ier Frequency Response cnd Distortion Meosurements.
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7. Adjust the setting of the cmplifier volume con-
trol to obtqin the desired output level qs indi-
cated by the voltmeter qcross the loqd resistor.
To determine the power output being delivered
by the cmplifier use the formulq

p -  E '
. R

where E is the VTVM reoding in rms volts qnd
R is the vqlue of the loqd resistor in ohms. The
voltcrge level required for q desired power out-
put ccn be determined by using the bxpression

s - y'TF.
Adjust the generotor RANGE switch qnd fre-
quency diql over the frequency bcndwidth of
the cmplifier qnd observe the vqriqtions in
VTVM reading. The VTVM db scqle is very
convenient for observing amplifier output vcriq-
tions.
Use the distortion cnclyzer to determine distor-
tion qt vqrious frequencies in the omplifier band.
The oscilloscope is useful in cnolyzing distor-
tion, pcrticulccrly overloqd clipping when the

omplifier is opercting ct, or in excess of, rqted
POWer.

It should be noted qt this point thqt olthough the
point-by-point sine response curve os portrcyed in
Fig. 3 provides crn qccurqte pcnorcmic view of
cmplifier response, such q chqrqcteristic does not
tell the complete story which will include the ele-
m_ent of phcse distortion. The technique of Squcre
Wave testing, covered lqter in this mqnuql, provides
tlre required sensitive indicqtion of phose ielqtion-
ships.

The _generctor becomes a useful trouble-shooting
tool when it is used to locqte defective frequency
selective circuits in medium qnd wide-bqnd cmpli-
fiers. A low frequency check (opplying generotoi to
input qnd oscilloscope to output) moy indicqte the
output to be signilicantly grecter thqn the sqme
identiccl check qt for excmple 500 Hz or q higher
frequency.

In this cqse the generotor is being used to indicate
the nqture of the trouble. From then on the experi-
ence qnd bockground of the techniciqn will qssist
in locqting the excct trouble spot itself.

v

v

8.

9.

t0 .

PHASE SHIFT ANALYSIS
The sine wcve output cqn be used in some cqses

to determine the degree oI phcse shift in cn crmpli-
fier qt c pcnticulcr frequency qs follows (See Figure
7):
l. Set the sine output of the generqtor to the desired

frequency.
2. Set the OUTPUT LEVEL control to mqximum posi-

tion qnd opply the generqtor output directly to
the verticcl plctes of qn oscilloscope.

3. Construct c simple resistive voltqge divider by
connecting q 2000-ohm potentiometer qcross the
output of the generqtor. Feed the voltcge de-
veloped qcross the crrm oI the potentiometer qnd
ground to the input oI the cmplilier under test.
Set the potentiometer for minimum voltoge con-
sistent with q sizeqble oscilloscope pottern.

4. The output of the omplilier is fed directly to the

horizontql plctes of the oscilloscope. The result-
ing oscilloscope wqveform will displcy on ellipti-
cql form should phcse distortion in the cmplifier
exist qt the test frequency. The degree of phcse
shift is, of course, indicqted by the shope of the
ellipticol pottern. Top or bottom Ilottening of the
ellipticcl shope indicqtes overloqding produced

!y excessive input to the omplifier. Reduce input
level os required by odjustment of the potentiom-
eter divider to eliminste overloqd.

NOTE: The Verticol qnd Horizontql omplifiers of the
' oscilloscope qre ovoided in this exqmple in

order to eliminqte whatever smoll degree of
phose shift is inherent in their design. If the
oscilloscope is known to hqve identicql ver-
ticql qnd horizontql omplifier chqracteristics,
the omplifiers moy be used rsther thon con-
necting directly to the plotes.

In-phasc (gf  l80o
out of phase) - no

overload distortion

Phase shi f t  -  no
over load  d i s to r t i on

ln phase and
over load  d i s to r t i on

Phase shi f t  and
over load  d i s to r t i on

Figure 7. Phqse Shift qnd Overlood Distortion Anolysis.
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EVALUATION OF

The generqtor becomes especiclly uselul when it
is opptied to the correction bf the usuql mismatch
betw6en the loudspecker in qudio systems qnd the
Ioudspeoker enclosure itself.

In most instqnces the commonly encountered
"boomy" bqss resPonse of commerciql speoker-
enclosure combinqfions cctn be trqnsformed into
smooth nqturql response which is chqrqcteristic of
the well designed ond odjusted qudio system.

A brief method ol checking c bqss rellex speaker
system is detqiled os lollows:

l. Select the sine wqve output of the E-310B qnd

connect in series with o 100 ohm resistor to the
speoker voice coil.

2. Connect qn c'c voltmeter or oscilloscope qcross

the specker voice coil.

3. Determine the two low frequency resoncni peoks
in the system by noting peak voltmeter recdings'

SPEAKER SYSTEMS

The frequency of these peoks will vcry with the
size of tire sp6oker qnd tqbinet but should occur
in the region between 40 qnd lS0-cycles' In a
properly iuned system the two pec-ks should be
iqtlier irroqd ond of approximctely the sctme
omplitude. If one of the pecks is grecter thqn
the other, try domping the port with cdditionql
loyers oI grille cloth.

other opplicctions of the instrument will suggest

themselvei'to the techniciqn and engineer in the

course ol test qnd design of electronic equipment.
A lew exomples qre: use of the genergt-or to exter'
nclly modul&te r-f gene-rqtors over a wide rcng-e of
frequencies; to exteinqlly Power impg$c-nce bridg-es
ot fiequencies other thqi ihose provided internclly;
direct theck of loudspeqker operction, using mqtch-
ing trcnsformers wh-ere required; -check of record
eq-uolizction positions on precmpli{,iers; source of
potentiol lor Lcpccitcnce- q.!-ecks using c copccitc-
iive divider qnd crn q-c VTVM.

\,

\,

SQUARE WAVE APPLICATION NOTES

GENERAL

The squore wqve output of the generotor ccn be
used to disploy vorious types of distortio-n present
in electronit circuits. A squore wqve of o 9!ven
frequency contqins q lorge number of odd hor-
monics ol thqt frequency. II o 500 Hz squclre wqve
is injected into q circuit, Irequency- components
ol 1.5 KHz, 2.5 KHz, 3.5 KHz, cne qlso provided.
Since vqcuum tubes qnd trqnsistors qre non-lineor,
it is difficult to omplify cnd reproduce ct square wqve
which is identicol to ltre input signal. Interelectrode
copocitcnces, junction copocitcnces, stroy cgpoci-
tqnces qs well qs limited device qnd trqnsformer
response qre q few of the lqctors which prevent

fqithful reproduction o{ ct squqre wqve signcl' A
well desigiled cmplilier cqn minimize the distortion
cqused by these limitqtions. Poorly d-esiq-n-ed or
delective ompli{iers ccrn introduce considerqble dis-
tortion to the point where their performcnce is un-
sotisfcctory.

As stqted before, ct squcre wqve contains c lorge

number of odd hqrmonits By injecting q 500 Hz sine

wqve into qn omplilier we- con evaluote omplilier
response qt 500 Hz only, but by injecling o. squqre
*ot" oI the sqme lrequency we cqn determine how
the omplilier would r-espond to input signcls from
500 Hz up to the lSth or 2lst hcnmonic.

The need for squqre wqve evqluqtion becomes

oppclrent if we re&Uze thqt some oudio cmpliliers
*iit U" required during normol use to pqss simul-

toneously o lorge number ol different frequencies.
With o iquote iuqve we hcve cr controlled signol
with which we cqn evoluqte the input qnd output
qucrlity of q signol o{ mony- frequencies .(the hcr-
monici of the squcre wave) which is whot the ompli-

t 2

fier sees when cmplilying complex wcveforms of
musicql instrument or voices.

The squore wqve output of th-e generctor is ex-

tremely liqt cnd it will not contribute _to cny distor-
tion thlt mqy be observed when evqluqting ompli-
fier response-; however, the scope used in conjunc-
tion wiih the generctor must Iirst be checked to
determine its response qnd the qmount of distortion
it will introduce into the observctions mqde. A d-c
coupled oscilloscope should -b" used if cvqilcble cs
it will introduce the leqst distortion, especiolly ot
low frequencies. When checking clmplifier resPonse,
the frequency of the squcre wqve input should be
vqried irom ihe low end of the cmplilier bandpcss
up towcrd the uPPer end of the bqndpqss; however,
becouse of the hqrmonic content of the squqre wcve,
distortion will occur before the upper end of the
omplilier bcndpass is reached.

It should be noted thot the qctuql resPonse check
of qn omplifier should be mqde using-g sine wcve

signol. Tliis is especiolly imp-ortqnt in limited bond-

*idth omplifiers (voice omplifiers). The- sgucre wcrve
signol pr6vides o quick check of omplilier perform-
oti"" qttd *ill giva qn estimate of -overqll cmplifier
quolity. The squcre wctve will qlso reveql some
de{iciencies not recdily cpporent when using q sine
wqve signol. Whether a sine wqve or squqre wove
is used for testing the amplifier, it is importont thct
the mqnu{octurer s specilicctions on the cmplilier be
known in order to mqke o better iudqment of its
perlormonce.

A detqiled discussion of the theory qnd use
squore wqve signals in omplifier testing is given
the lollowing section.

o I \ r -
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SSUARE WAVE THEORY AND APPLICATION NOTES

v

v

ANALYSIS OF A

The squqre wqve output of the E-3108 cqn be
utilized to graphicclly displcy cnd reveql vqrious
types oI distortion in electronic circuits. However,
belore cttempting to correlqte circuit anclysis with
squqre wqve shopes, it might be well to estqblish
the mqke-up cnd significonce of the squcne wqve
itself. A theoretically perlect squqre wqve cqn be
considered to be comprised oI cn infinite series of
sine woves. This stotement is crn expression of
Fourier's Theorem which sqys that ANY SINGLE-
VALUED CONTINUOUS PERIODIC QUANTITY
CAN BE EXPRESSED AS AN INFINITE SERIES OF
SINE WAVES. More specifically, in the cqse of the
squcrre wqve, the wqve is mqde up of a lcrge num-
ber of odd hqrmonics (lst, 3rd, sth . . . etc.).

Figure 8 illustrqtes the bqsic mcke-up of c sgucne
wqve. All odd numbered hqrmonics cne shown in
in-phose relctionship, i.e., ecrch sine wcve in the
series begins its cycle of the beginning of the squqre
wqve cycle. To develop the sqluqre wqve in Figure

ALL ELEMENIS IN-PHAff

Figure 8. Mcrke-up of cr Sgucne Wcrve.

F U N TAL 5 T H  H A R M

SSUARE WAVE

8, it is merely necessory to drcw cr number of ver-
ticql lines thru the squore wqve qnd to qdd, olge-
broicolly (observing polarity), the mcgnitudes of the
sine wcrves olong this verticol line. For simplicity,
we only consider the hormonic content up to the 9th
hormonic in order that the sketches be mqde suffi-
ciently illustrqtive.

At At lor exqmple, we hqve olgebroicclly cdded
the fundcmentcrl, 3rd, sth, 7th qnd gth hcnmonic
with the resultqnt summotion qt point Br. If we
repeot this sqme olgebroic summqtion of wqve
mcgnitudes olong c lcrge number of verticql check
lines such qs Ar, \re will obtain q resultqnt wqve
shcpe which will turn out lo be the squqre wqve
which we hqd started out to crnclyze.

This graphicql cnalysis over Yz cycle immedictely
reveqls c striking symmetry to the left qnd right of
the verticql qxis for cll hqrmonics. All hcrmonic
wqve trqins ore seen to begin the Yz cycle ct zero
cmplitude qnd to end the Yz cycle qt zero cmplitude
with the proper symmehy to left qnd right of the
vertical qxis to "build up" equclly both corners of
one-hqlf cycle of the resultant sguore wcve. If even-
numbered harmonic wqveshopes (Znd, 4th, 6th, etc.)
were introduced into the conlent of ct squqre wqve,
distortions of the squqre wqve would be produced
beccuse of its non-symmetriccl contributions of q
r/z cyele of the squqre wove.

II qll sine components of the squqre wctve cre
beginning the Yz cycle qt zero cmplitude, they cne
in phcse. In q well proportioned and shoped squcre
wcrve we then hqve q whole series of sine wqves
varying in lrequency from low to very high, all in
phose ond qll in q reloted ompiltude. The omplitude
of ony pcrticulcr hcrrmonic is in inverse relctionship
to the order of the hqrmonic. In other words, the
3rd hqrmonic content hqs crn cmplitude one-third
thct of the fundomentql component, etc.

Fourier's Theorem indicqtes the cmplitude rela-
tion by the froction preceding eqch mqthemqticql
expresssion for the hqrmonic element qs noted in
Figure 9.

AXI S

I

t =  
*  

. +  l / 3  s r N  3 x  +  r / 5  s r N  5 x  +  t / 7  s t N  7 x  + . . .

. . . . ( c o s  \ - t / t  c o s  3 x  + t / s  c g s 5 x . . . . )

-----l so"l*

D A M E N

I
I

,-l_
S I N  X

3RD HARM I  ,TH HARM

l . _ l _  I

v

Figure 9. Fourier's Mqthemotical Description oI o Squore Wqve.
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When we opply cl well-shaped squqre wqve to the
input of, for exomple, q wide bqnd cmplifier, w€
qre in effect opplying o lorge number of sine wqves
which must pass through the omplifier in the some
phose relqtionship ond with the sqme relqtive qm-
plitude in order thot the output ol the cmplilier be
q fqithful reproduction oI the squqre wove clpplied
to the input of the omplifier.

Continuing u'ith the onolysis of the Squcre Wqve
itself, we see thct Figure 8 cqnnot begin to illustrate
the practicolly infinite number of hqrmonics which
constitute q shorp squcrre wqve. But il one tqkes
Line Ar of Figure 8 and imogines the presence of
in-phose hqrmonics crs high qs the l00th or 500th
ond iI we understqnd thqt we qre to odd clll com-
ponents to locqte the resultont point on the squcrre
wove which is produced, we begin to see thqt cr good
squqre wqve mqy stqrt qt rh cycle of zero cmpli-
tude but it builds up to mqximum cmplitude in q
very smoll froction of the k eycle (prcctieclly in-
stqntqneously). This build-,tp from l0% qbove zero
omplitude to 90% of mqximum omplitude is oppro-
priotely termed rise-time oI the squqre wqve ond is

6 0  H Z
SQUARE WAVE

I

lr- 167
I' M | C R O

SECONDS

,+ t6.67 UtLLtSECONDS

Figure 10. Squore Wqve Rise Time

on importqnt fqctor in the composition of the squcre
wove.

If we consider the time qxis of Figure l0 which
il lustrqtes q 60 Hz squore wqve, we see thqt the
bosic olternotion of the wqveshope is 60 Hz, but il
we look closely we see thqt the fqst rise of omplitude
from zero to mqximum occurs in fqr Iess time thqn
one-sixtieth of o second qnd qctuolly constitutes q
relotively high frequency clternotion. This lecding
edge of o squore wqve which includes the durotion
oI the rise time is q sensitive indicqtion of the high
frequency chorocteristic of the circuit to be tested.

In Figure 8 we see thqt the shope of the flot top
portion of the Yz cycle is influenced most strongly
by the low order hormonics, i.e., 3rd, Sth, etc. Should
the omplitude of the fundqmentol, for exqmple, be
reduced below the volue required for good squqre
wqve shope, o curvoture qppecrs olong the square

t 4

Figure I l. Reduction of Squcre Wove Fundamentql
Frequency Component in q Tuned Circuit.

, + f t + l O

t+ f!+ fg+ 17

TltE --<>

Figure 12. Loss of High Frequency Components
oI c Squqre Wqve

wqve top os illustrcrted in Figure ll. This mqy occur
in o frequency selective circuit. On the other hqnd,
in q theoreticql cqse, q reduction in omplitude qlone
of the high lrequency components would hqve no
noticeoble effect on the flqt top becquse of the
"bqlqncing-out" 

effect creqted by the multiplicity oI
qlternqtions olong the flot top cs indicqted in Figure
t2.

We hqve olreody noted thot the short rise time
',vhich occurs qt the beginning of the r,/z cycle is cre-
oted by the in-phose sum oI cll the medium ond high
frequency sine wqve components. The sqme holds
true for the ropid drop qt the end of the r/2 cycle
from moximum omplitude to zero omplitude qt the
lB0 or t,'i cycle point. Therefore, cr theoreticql re-
duction in omplitude olone of the high frequency
components should produce q rounding of the
squore corners of oll four points of one squqre wcrve
cycle (See Figure l3).

!t

\,

v

ManualsPlus.com

https://www.manualsplus.com/


v

v

KHz squore wqve with a .05 microsecond rise time.
(See Figures 14 qnd 15.).

The bqsic operction of the oscilloscope itself con-
tributes to misleqding qppecrrqnce of rise time. To
observe c single cycle of squore wcve ot 30 KHz the
oscilloscope beom is trcrvelling ct q relqtively fcst
rqte qnd the rise time portion of the trace is being
trqced by the oscilloscope beom mqny more times
per second qs compored to q 60 Hz sguqre wcrve;
Ior exqmple, the rise time portion of the 60 Hz squqre
wqve mqy then appeqr extremely sharp, being
procticolly invisible, wherein the rise time of the
30 KHz squqre wqve mqy show relotively bright
qnd thereby qppecrr to be much slower thqn it
reclly is.

At this point, it would be helpful to establish the
relationship between rise time qnd the omplifier
bqndwidth required to tronsmit the leoding edge of
the squcre wqve: Any cyclic time durqtion per cycle
cqn be converted to frequency in Hertz os follows:

l x 1 0 6

Figure 13. Squcre Wqve Response With
High Frequency Losses.

Thus fqr we hqve indicqted thqt cr uselul squcre
wctve hcs fast rise time qnd well-squcred propor-
tions. Inqsmuch qs the square wqve is to be 

-ob-

served on sn oscilloscope, it might be wise to inter-
pret the qppeqrqnce oI q sgucne wqve qt various
fundqmentcl lrequencies. If we first observe q 50
KHz sguqre wqve directly on o wide-bond oscillo-
scope, _we will probcbly notice o fcirly shcrrp rise
tiq9. (See Figure 14.) A 50 KHz squcre wov-e hcs
o 20-micro-second durqtion for one 

-cycle. 
The rise

time in this cose might be .05 microsecond or one
four-hundredth oI one cycle. On this bqsis, if we
should decide to estoblish c rqtio between squqre
wqve cycle qnd rise time of 400 to one, we would
find thqt a similqrly shcped 80 Hz squqre wqve with
the sqme relctively sharp rise time would hqve q
rise time of 3l microseconds, but-would be perlectly
usqble qt on B0 Hz fundamentol squqre vione frei-
quency.

It becomes evident thot the value of rise-time
connot pe. quickly determined by the crppeqrqnce
qlone oI the waveshqpe o:n the oscillosco e. A 60
Hz squore wqve with- a ls-microsecond iise time
will oppear to hqve shorter rise time thqn q S0

50 KHZ
SQUARE WAVE

20 ri lcRosEco{Ds

A. Frequency in Hz =

OR
l x l 0 o

Frequency in Hz

If we substitute .05 Microseconds in the denomi-
nqtor oI " 4" , Irequency becomes 20 Megohertz.

However, it is generclly recognized thqt if we qre
deoling with the speciql cose of rise time of cr squqre
wove, the expression becomes:

l x l O n - l0 MHz.
2 x .051,s.

or q minimum bqndwidth of I0 MHz is required to
sqtisfqctorily tronsmit the leoding edge of c squcre
wqve with .05 microsecond rise time.

It is significont to note thqt the rise time portion
of the squqre wove determines the bondwidth re-
quired to foithlully reproduce the squqre wqve.
Shouid one squqre wqve be twice the Iundqmentql
frequency oI onother, but both hqve the sqme rise
time, then the some bqndwidth (determined by the
rise time) wil l be required by both for qccurqte
reproduction.

z
WAVE

r6.67 TilLLtSECONDS

t 5

Time in Microseconds
for one cycle

B. Time in Microseconds =
for one cycle

F  l x l 0 "

2T

v

Figure 14. Rise Time of q 50 KHz Squqre Wqve Figure 15. Rise Time of o 60 Hz Squore Wqve
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Figure 16. Applying c Squcre Wqve to qn

B-C Circuit

The preceding discussion leqds us to the conclu'
sions tirqt q g6od squctre wqve cqn be ioithfully
trqnsmitted thiough on omplilier or network only if
the network doeJ not seleCtively suppress the qm-
plitude of cl hqrmonic or hqrmonics; does not shift
ihe relqtive phose of cr hqrmonic or hqrmonics; ond
does hqve sufficiently wide bqndwidth (in the case
of on cmplifier) to p-ermit qccurate reproduction of
the rise time portion of the cYcle.

Inqsmuch qs minor deviqtions from the obove re'
suirements result in distortion of the squcre wqve,
ni" or" logicclly led into cl discussion of the inter-
pretqtion 6f squqre wqve distortions and their sig-

ttili.ott"". As qn example, let us tqke c simPle RC

circuit energized by o squcrre wqve potenticl. If time
durqtion of a cycle of the square wcve is quite long
qs compqred t6 the time constqnt G -in mego}ms x
C in miirofqrqds) of the RC network shown in Figure
16, then we cqn scry we ore opplying o relotively
low frequency squoie wove to the network. In such
q csse, ihe *qtteform qcross C would qpPeqr os Es
in Figure 17 qnd the wqve form qcross R would
qppeqr os Ep in Figure 17.

If we consider the RC network crs q simple filter,
then we cqn onolyze the rounded corners of E6 in
Figure 17 qs qn indicqtion of high lrequency com-
poient attenuqtion. In other words, the reqctqnce of
ihe copucitor ot the higher comPone_nt Irequencies
becomes lower, dividing down the higher compo-
nents. Conversely most of these higher components
now qppeqr qcross R, producing the excellent leqd-
ing edge for Ep, Figure 17.

Now, il we chonge the frequency of the sguqre
wqve such thqt the lime durqtion of cr cycle is rela-
tively smoll crs comPqred to the RC time constont,
then we con soy thot we cne opplylng - cl higher
frequency squore wqve to the network. In such q

cqsl, the wovelorm ctcross C might crppeqr qs Ec
in Figure 18.

Continuing the filter onolysis, Ec of Figure 18
results from-the fqct thqt the relotive reoctonce of C
is low for qll frequencies of the squore wqve inqs-
much qs we ore opplying q relqtively high-Irequen-
cy squqre wove to begin with. Therefore, the voltoge
crlross C shows poor high ond low frequency re-
sponse. Ep of f igure 18 indicctes the divider action
ol the Iilter which produces relctively low reqctqnce

l 6

ER

Figure 17. Compqrison of Wave Forms Across
R qnd C.

Figure 18. Woveforms Across R ql-d C Using cl- 
High FrequencY Squcre Wqve

for the highs qnd lows qnd resuhs in the qppeqr-

crnce of th-ese components qcross R.

GENERAL SSUARE WAVE TESTING

Distortion cqn be clossified into three distinct
cotegories:
l. The lirst is freguency distortion qnd refers to the

chonge from nbrmqi omplitude of q component
ol o 

-complex 
wqveform. In other words, the

introduction in on omplifier circuit of resonqnt
networks or selective Iilters creqted by combina-
tion of reqctive comPonents will creqte pecks or
dips in qn otherwise flot frequency response
curve.
The second is non'linear distortion qnd refers to
o chonge in wqveshope produced by opplicqtion
of the wqveshqpe to non-lineqr components or
elements such &s vctcuum tubes, qn iron core
trqnsformer, qnd in qn extreme cqse q deliberqte
non-lineqr circuit such crs q clipper network.

The third is deloy or phose distortion, which is
distortion produced by q shift in phose between
one or more components of ct complex wqve-
form.

2.

3 .
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Figure 19. Response of Amplifier Hoving Poor Low
Frequency Response ond High Frequency Boost

In the examples used up to this point, we dis-
cussed omplitude reduction of cr pcrticulcr com-
ponent in cr squore wctve crs though it occurred
independently of phose distortion or wcrs produced
by q non-lineqr element. In qctuql prcctice; how-
ever, cr reduction in omplitude oI q squqre wqve
component (sinusoidql hqrmonic) is usuqlly ccused
by q frequency selective network which includes
copocity, inductqnce or both. The presence of the C
or L introduces q difference in phose ongle between
components creqting phcse distortion or delcy dis-
tortion. Therefore, in squcre wove testing of prcc-
tical circuitry, we will usuolly Iind thqt the distorted
squqre wqve includes q combinqtion of amplitude
ond phcse distortion clues.

If we now proceed to the opplication of squqre
wqves to o typiccl wide bond omplifier, we lind
thot o squqre wqve check qccurotely reveols mony
distortion chqracteristics of the circuit. The response
of qn amplilier is indicated in Figure 19, reveoling
poor low frequency response clong wth overcom-
pensoted high frequency boost. A 100 Hz squqre
wcve cpplied to the input of this ompli{ier will
qppeclr qs in Figure 20A. This ligure indicqtes sqtis-
foc_tory medium lrequency response (cpproximately
I KHz to 2 RHd but shows poor low {requency re-
sponse. Next, o 1000 Hz squore wove opplied to the
input of this some omplifier will oppeqr cts in Figure
208. This figure disploys good frequency response
in the region of 1000 to 4000 Hz but cleorly reveqls
the overcompensation clt the higher I0 KHz region
!y tfte shorp rise qt the top of ihe leoding edge of
the squcre wqve.

As q rule of thumb, it cqn be sofely soid thct o
squqre wove con be used to revecl response qnd
phose relqtionships up to the l5th or 20th odd hcrr-
monic or up to opproximotely 40 times the Iundq-
mentql of the squore wqve. Usinq this rule of thumb,
it is seen thqt wide bond circuitry wil l require qt
leost q two-frequency check to properly onolyze the
99mpl9ie s_pectrum. In the cqse iilustroted by Figure
19, o 100 Hz squore wqve wil l encompqss cornpo-
n_ents up to obout 4000 Hz. To onolyze ob6ve aOOO
IJz o_nd,beyond 10,000 Hz, q 1000 Hz sguqre wqve
should be sotisfoctory.

roo Hz

SOUARE
TIVE

Figure 20. Resultont 100 Hz ond I KHz Squcre Wqves
From Amplilier in Figure 18.

Now, the region between l'00 Hz qnd 4000 Hz in
Figure 19 shows a rise lrom poor low frequency
response to o Ilottening out from between 1000 ond
4000 Hz. There{ore, we cqn expect thot the higher
frequency components in the 100 Hz squqre wqve
will be relotively normql in omplitude cnd phcse
but that the lower frequency components in this
sqme squqre wqve will be strongly modified by the
poor low-frequency response of this omplifier. See
Figure 204.

If the combinqtion o{ elements in this crmplifier
were such qs to only depress the low frequency
components in the squore wqve, q curve similqr to
Figure I I would be obtqined. However, reduction in
omplitude to o component, os olreody noted, is
usuolly csused by o reoctive element, cousing, in
turn, o phose shift of the component, producing the
strong ti l t oI Figure 20A. Figure 2l reveols o groph-
icol development of c similorly t i l ted squore wove.
The tilt is seen to be coused by the strong inlluence
of the phose-shifted 3rd hqrmonic. It olso becomes
evident thct very slight shifts in phcse ore quickly
shown up by tilt in the squore wqve.

Ffi AJT OF PHASE (LEAD)

Figure 21. Squore W,eve Ti l t  Resui t ing From
3rd Hqrmonic Phqse ShiIt.
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OF PHASE (LEAD)

Figure 22. Tllt Resulting From Phqse Shift of
Fundqmentcl Frequency in c Leading Direction

Figure 22 inciicqtes the tilt in squcrre wqve shcpe
prociuced by o l0o phase shift of q low frequency
element in c leqding direction. The tilting shope of
the resultqnt wqve results from the simple olgebrcic
qddition of all components clong a verticcl line qs
hqs been previously noted in this discussion. Figure
23 indicqtes q I0" phase shift in cl low frequency
component in c lcaging direction. The tilts are oppo-
site in the two cqses becquse of the difference in
polority of the phose ongle in the two cqses qs ccrn
be checked through algebroic qddition of compo-
nents.

FxI OUT.OF.PTIASE

Figure 23. Tilt Resulting From Phcse Shilt of
Fundqmentol Frequency in o Lagging Direction

Figure 24 indicqtes low frequency components
which hove been reduced in omplitude ond shifted
in phose. It will be noted thqt these exqmples of
low frequency distortion qre chorqcterized by
chonge in shape of the llot top portion of the squqre
wove.

Figure 20B, previously discussed, reveqled high-
frequency overshoot produced by rising omplifier
response ot the higher lrequencies. It should cgcin
be noted thqt this overshoot mqkes.itself evident qt
the top of the leqding edge of the squqre wqve.

I 8

Figure 24. Low Frequency Component Loss
qnd Phase Shift

This chcrqcteristic relqtionship is explcined by re-
membering thqt in q normql well-shcped squqre
wsve, the shcrrp rise of the leqding edge is creqted
by the summqtion of c procticclly inlinite number
of hqrmonic components. If crn abnormql rise in
cmplilier response occurs ct high frequencies, the
high {requency components in the squqre wqve will
be omplified disproportionotely greater thqn other
components creqting o higher clgebroic sum clong
the leoding edge.

qnd

v

v

Figure 25. Effect of High Frequency Boost
Poor Dcmping

Figure 26. High Frequency Boost and Good
Damping
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Figure 25 indicqtes high frequency boost in qn

omplifier occompcrnied by o lightly dcmped "shock"

transient. The sinusoidql type of diminishing oscilla-
tion qlong the top ol the squore wcrve indicqtes q

trqnsient oscillotion in q relctively high "Q" network
in the omplilier circuit. In this ccrse, the sudden trqn-

sition in the squqre wqve potentiol from o shcrply
rising relctively high frequency voltcAe to cr level
vqlue of low frequency voltage supplies the energy
for oscillqtion in the resonqnt network. If this net-
work in the omplilier is reqsoncbly heovily domped,
then cr single cycle transient oscillqtion mqy be pro-
duced cs indicqted in Figure 26.

VIDEO AMPLIFIER TESTING
A common cpplicqtion of the squcrre wqve out-

put of the E-310B is its use in the testing of TV video
omplifiers. In qctuql operation, when cmplifying
picture informqtion, the video amplifier must be
capcble of reproducing ond cmplifying rcpid trqnsi-
tions from white to block ond vice verscr. These
trqnsitions crre the equivqlent oI steep wcve fronts
qnd cqn be effectively simulclted by substitution oI
q squqre wqve voltcrge.

We hqve alreody noted thqt the squore wcve is
quite sensitive to time deloy or phcse shilt between
components oI o complex wqve. In the video ompli-
fier, mqintenqnce of o linecr phose chqrqcteristiC is
quite importont inqsmuch qs phose distortion in the
omplilier ccrn ccruse certqin picture elements to
orrive out of step time-wise, creoting detoil inter-
ference or smeqr.

The instrument setup for checking c video cmpli-
fier is qs follows:
l. Set u_p the E-3108 for 2A0 Ktlz sguqre wqve out-

put. Connect the blqck (ground) post to chqssis
and the red post to the grid of the lst video
omplilier through c .01 mfd ccpacitor.

2. Detune the front end or disqble the locql oscil-
lqtor oI the television receiver to prevent stqtion
informqtion from interferinq with the test wqve-
form.

3. Connect the output of the video omplifier (input
of the picture tube) directly to the verticol plcies
of the oscillosc_op.: {f q- wide-bond oscilloicope
such os B&K Model 1450 is being used, then tle
output of the video omplilier mqy be connected
to the oscilloscope verticol input.

4. Sync the _o5gill_oscope to obtqin q stqtioncry pot-
tern on 200 KHz squore wqve.

5. ,4, _squore wqve pottern similqr to Figure 27
indicqtes:
A. "Ringing" 

or shock oscillotion of one or more
of the peaking coil circuits used to compen_
sate the video amplifier qt the higher-fre_
quencies.

Figure 27. Ringing ond Phase Shift in a
Video Amplilier

B. Phqse shilt qt the higher frequencies indicqted
by rounding off oI the leoding corners of the
squqre wctve.

NOTE
It must be borne in mind thqt o squore wqve test

crt 200 KHz exqmines the choracteristic of the ompli
fier from 200 KHz ond up ond therefore indicctes
conditions ct the higher frequency limit of the qm-
plifier. A 200 KHz squore wqve test, however, indi-
c_ctes nothing concerning the low frequency end;
therelore, it becomes qppqrent thqt q two-frequency
squqre wove test of video cmplifiers becomes cr
minimum necessity: A 200 KHz test eflectively re-
veols conditions from its fundomentql frequency up
to the high limit oI the video omplifier. 

-A 
test ct

cpproximotely 60 Hz to 70 Hz discloses the low-
frequency chcracteristic. A third freguency in the
r_egion _between 60 Hz ond 200 KHz mcy be used if
desired; however, the two-Irequency cheik is usuclly
sufficient.
6. Next, to perlorm the low-frequency squqre wqve

check, set the E-310B lor squore wqv-e output ct
opproximotely 70 Hz.

7. Set the OUTPUT LEVEL control cs required to
produce o sizeqble pottern on the oscilloscope.
NOTE: 70 Hz is recommended insteqd of 60 Hz

so that ony 60 Hz hum modulqtion which
occurs will oppeqr qs o ripple voltcge
ond not crs cr tilt distortion which might
occur ^i{ _t!r" generotor were occurctely
set to 60 Hz.

8. The relotively llot top of the resultqnt 70 Hz
lguore wqve of Figure 28 indicotes good low-
Irequency response qnd insignificqtti lo* Ire
guency phose shift. No rounding of the leoding
edge indicqtes no distortion of lfre hiqhest frd-
quency components in the 70 Hz squore wove.
The high components in this low {requency
squore wqve do not approoch the megohert?
portion of the video omplilier response curve crs
fqr as qbility to inlluence the shope of the sguore
wqve is concerned.

Figure 28. Good Video Amplifier Low Frequency
Response.

n
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l{ the output_ freguency gf the generqtor is grcd-
uolly increqsed up to 20 KHz, c progressive round-
ing of the leqding corner will be noted. The smqll-
rqdius corner qt 20 KHz (see Figure 29) is just cs
significont to the observer qs the large-rcdius corner
qt 200 KHz (see Figure 27) il it is kept in mind thot
compression or reduction of the rqdius is a logicol
result oI reducing the fundqmentol frequency oi the
squqre wove such thqt progressively higher fre-
quency components crre indicoting the high fre-
guency distortion. As the fundomentol frequency of
the squore wqve is reduced bqck down to 70'Hz,
the hiqh frequency components which might con-
ceivobly offect the lecding edge of the squore wqve
qre so !riq! in order crnd therefore so insignilicqnt
in o_mplitude qs to hove negligible effect on the
resultqnt squore wqve. We ton therefore expect
tt:q\ frequency distortion to qppecrr crs cr progres-
sively lorger rounding of the- leoding edfe of q
sguqre wqve qs the frequency of the sguqre wqve
is increosed from q low volue up towcrrds a vqlue
{pproximgtely one-twentieth of the upper portion of
the omplifier response spectrum (ten odd hqrmonics).

& qo bock to the 200 KHz squqre wcrve illustrqted
in Figure _27, the degree o-f leod-edge rounding crp-
peqrs to be guite lorge; however, q reference f6,
comporison must be estqblished before the observer
cqn decide when ro_unding is excessive. Figure 30
therefore, indicqtes lhe degree of rounding oi a 200
KHz squore wqve which correlqtes with q condition
of tuzzy picture detoil indicoting significant high

frequency loss. It is importont thqt the observer
correlqte the degree of rounding with the fundq-
mentql of the squqre wqve being used, i.e., hod q
50 KHz squqre wqve been used in the previous
exomple, the rounding would hove been less exqg
erqted; however, the tnalysis should be the "o*6, v

meoning that the observer should be cble to picture
the degree of rounding of q 50 KHz sguqre wqve
wherein q condition of luzzy picture detoil exists.

The shqrp rise time of the squqre wqve genercted
by the generctor mqy induce ringing in cr video
omplifier (qs observed on the oscilloscope) where
peoking coils qre used to boost the high frequency
response. The degree of ringing cqn be controlled
by chonging the vqlue oI the dcmping resistors
qcross the peaking coils. It is moinly q mqtter of
experience with porticulor TV sets qs to whct de-
greg of ringing will cquse deteriorqtion of picture
quality. The techniciqn should cttempt to qriive qt
q compromise betwen ringing ond rounding of the
leoding edge of o squore wqve.

To sum up the bqsic principles of video cmplifier
squqre wqve testing, it should be soid thot experi-
ence in correlating squore wove shope at pcrticulor
fundomentol frequencies with qctuql picture quality
will fortify the technicion with q series of reference
squore wqve shopes cgoinst which new trouble jobs
cqn be compqred. No generalized textbook discus-
sions cqn substitute for this kind of experience in
squcrre wcrve testing.

Figure 29. 20 KHz Sguqre Wqve Through c
Video Amplifiet

USE OF THE E-3IOB AS A
We hove noted previously thot the abrupt rise oI

cr squqre wqve from zero qmplitude to q mqximum
in a frqction of cr cycle is onclogous to the trqnsition
of o TV rqster line from dqrk 1o light. It becomes
obvious thot the opplicotion of a s-quore wqve of
the proper frequengt !o the video omplilie, will pro-
duce olternoting block ond white lines with shtrp
definit ion.

The horizontql synchronizing pulses of q TV set
ore I 5,750 KHz. A squore wqve-oI 126 KHz will there_
fore produce 8 verliccl poirs of block ond rirtrite
lines.

20

Figure 30. High Frequency Loss ot 200 KHz

PATTERN LINEARITY CHECKER
By the sqme token, a sqtisloctory number of hori-

zorrtol black cnd white qlternotions or lines con be
produced by fe_eding o squcrre wcrve of cny desired
multiple- of 60 Hz into the video omplifier. The gen-
erqtor theref-ore supplies the two rqsters required
for simplified lineority odjustments.

NOTE
Similor results will be obtqined using sine
wqve output: the definition between blqck
crnd white lines will be shcrper with squcre
wove qs compqred to the sine, however.

v
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ADDITIONAL TROUBLE-SHOOTING AND ANALYZING AIDS

The following sguqre'wctve resPonse nomogrcptrs
of Figure 3l qnd the summcry of squqre-wqve cn-
clyzing wqveforms of Figur e 32 cnd Figure 33 qre

presented to provide c condensed reference of eval-
uqtion of cmplifier performqnce using squcre-wcve
input signcls.

This nomogrrcph correlctes tilt of squcne wcve
qfter pcssing through uncompensqted RC-coupled
video or qudio cmpilfier with low-frequency re-
sponse of cmplifier cnd time constqnt of coupling
circuit.

When using rectqngular or square wcves for test-
ing oudio qnd video cmplifiers, the output of the
cmplifier is cornpcred with the input of qn oscil-
loscope. The degree or percent of tilt of the top of
the squcre wqve represents the crmplifier's deteriorcr-
tion of the lower freguencies.
_ In the uncompensqted RC-coupled FET cmplifier

slcAe shown, thl effect of the cnirplifier on loiv fre-
quencies is almost completely c function of the
vqlue of the RC time constqnt in the gote input
coupling circuit. The smaller the time constcrnt, the
poorer the low-frequency response qnd consequently
the grecter the percent tilt "S" of cr rectcrngulqr
wqve (referred to the peck voltcge vclue "E" crs
indicated on the wqveform dicgram).

The qccompcnying nomogrcph is useful in com-
puting the RC value required to give q mmimum

specified tilt "S" (expressed qs cr decimol pcnt of
"E" fot q rectsngulcr wqve hcving q durqtion "t"

or, conversely, it mcy be used to determine the tilt
thqt will be obtcined from cr given time constqnt.
The chqrt qlso gives the relqtionship between tilt
qnd low-frequency cutoff of cn cmplifier coupling
circuit (the Irequency F I ot which the cmplitude
frequency response chqrqcteristics is down 3 DB).

EXAMPLE OF USE
The percent tilt of qn uncompensqted video am'

plilier stage is specilied qs 2 percent mcrximum on
L SO Hz squore wqve. What will be the required
time constqnt of the coupling circuit and the cor-
responding low cutoff frequency?

By mecns of q strcight edge, connect the 2 percent
point on the tilt scale with the 8,300 microsecond
point (corresponding to the half-cycle durqtion of q
60 Hz squcrre wqve) on the "t" scqle. The stroight-
edge will cross the RC scale ct cpproximately 410,000
ohms-pl. The corresponding low cutoff freguency Fl
is found to be 0.4 cycle.

Titt in %
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rz-J *Tt = Tz

The three Sguore Wqve pqnerns in A, B, C qbove indicote o dcmped resonqnt element in the circuit or amplifier under test.

The short time durqtion of the domped oscillqtion indicotes thqt the lundqmentcl lrequency of the Squore Wave is opproximcrtely

I/10 thct of the domped oscil lation. (Tr approx. - . lxTr).

A Squore Wove shope is obtoined by opplying c higher lrequency Squore Y9". to the sqme circuit or omplifier represented

by A. The longer tihe duration of the ilnip.a oscillqtion indicotes thqt in this cqse the lundcrmentql of the Squqre Wqve is

closer to thqt ol the dcmped oscillotion qs compqred to A.
In this cqse the lundqmentql frequency of the Squore Wqve is opproximalely Vz that oI the domped oscillation. (Tt <rpprox' - .SrTs)'

The wove-Iorm pcttern indicqtes thqt the fundqmentol frequency ol the squqre wqve opProximctely equols thcrt oI the dcmped

oscillqtion.

T2

A.

ts.

c.

Figure 32.

v

v

I

I

i

A. Frequency distortion. (crmplitude
reduction oI low lrequencry com'
ponent). No phcse shilt.

B. Low frequency boost (qccentu'
oted Iundqmentol).

C. High trequency loss-No Pbcse
shilt.

D. Lcw lreguency phcse shilt. E. Iow lrequency loss cnd Phcse
shiIt.

F. High frequency loss qnd low lre-
quency phose shilt.

G. High lrequency loss qnd Phcse
shilt.

H, Domped oscillqtton. Low lrequency phose shift (trsce
thickend by hum-voltage).

Figure 33.
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WARRAI{TY SERVIGE INSTRUGTIONS
(For U.S.A. and its Overseas Territories)

1. Refer to the MAINTENANCE section of your B & K-Precision instruction

manual for adjustments that may be applicable'

2. If the above-mentioned does not correct the problem you are experiencing

with your unit, pack it securely (perferably in the original carton or double-

pactceO;. Enclose a letter desciibing the problem and include your name and

address. Deliver to, or ship PREPAID (UPS preferred in U'S'A') to the

nearest B & K-Precision autirorized service agency (see list enclosed with unit).

If your list of authorized B & K-Precision service agencies has been misplaced,

contact your distributor for the name of your nearest service agency, or write to:

B & K-Precision, Dynascan Corporation
Factory Service OPerations
6460 West Cortland Street

Chicago, Illinois 60635
Tel. (312) 889-8870

Telex: 25-3475

Also use this address for technical inquiries
and replacement Parts orders.

LIMITED ONE.YEAR WARRANTY

DYANSCAN CORpoRATtoN warrants to the original purchaser.that its B & K-Precision

product, and the ...;;;i parts tr,ereof, *il be free froir defects in workmanship and materials for

a period of one year from the date of purchase'

DyNASCAN will. without charge, repair or replace, at its option, defective product or component

parts upon delivery to an authorizJd n d x-pr.ciiion service contractor or the factory service depart-

li"nt, accompanie'd by proof of the purchase date in the form of a sales receipt'

To obtain warranty coverage in the u.s.A., this product must be registered by comp]99t1tg--?nd

mailing the enclosed *urr"niy regjstration card to'DYNASCAN' B & K-Precision' 6460 West

Cortland Street, Ctrl.ag", Illin'ois OtffS within fifteen (15) days from the date of purchase'

Exclusions: This wctrrartty cloes not apply in the event of misuse or abuse of the product or as a result

of unauthorized alteianriis or repairs.'li is void if the serial number is ahered, defaced or removed'

DYNASCAN shall not be liable for any consequential damages, including without limitation

damages resulting from loss of use. Some staies do not allow limitation of incidental or consequential

Jurn"!"t, so the ibou" limitation or exctusion may not apply to you'

*#:t 
warranty gives you specific rights and you may also have other rights which vary from state to

For your convenience we suggest you contact your B & K-Precision distributor, who may be

authorized to make repuirc o, Jin ..i"t you to th'e ne11e1 service contractor' If warranty service

cannor be obtained to.lrty. please send thL unit to B & K-Precision Service Department, 6460 west

Corttand Street. Chi;;t;:itiinoir 60635, properly packaged to avoid damage in shipment'

B & K-precision Test Instruments warrants products sold only in the u.s-A. and its overseas

territories. ln other countries, each distributo, *urrunts the B & K-Precision products which it sells'
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