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Pinpointing Industrial Defects
with Ultrasonic Ears
Gas /eaks, corona, and other defects in industrial
equipment can be located quickly by zeroing in
on their high-frequency sounds. Ultrasonic translators allow
men to hear and fotlow fhese normally inaudible sounds.

By Robert  L.  Al len

di  -  OUNDS AUDIBLE TO . I .HE BEST HUMAN BANS I iC iN A
\.' '  I frequency range of about 20 Hz to 20 kHz. But

acoustical energy is by no means limited to this range.

Just as the human eye responds to only a small portion of

the electromagr.retic spectrum, the human ear provides

rnan with only a part of thc information that could be

extracted from sonic energy.

Sonic energy at frequencies above 20 kHz, i'e' ultra-

sonic energy, is generated by many colnmon occurrences'

For example, rubbing the hands together creates high-

frequency sounds at about 40 kHz that can be heard by

a dog or cat at a distancc of 50 feet. Sibilant sounds ir.r

spcech are also a source of ultrasonic encrgy. Another

well-known producer of high-frequency sounds is the bat,

which navigates by bouncing ultrasonic 'beeps' off nearby

objects. Bat 'beeps' contain frequencies up to 150 kHz'

Many phenomena in industry also produce ultrasonic

energy. Some of the strongcr produccrs are defects like

gas leaks, corona, vibrations, and friction. Thesc defects

induce random irregular motions in surrounding mole-

cules, so the sonic energy they produce is spread over a

wide rangc of frequencies. In many cases a defect can be

recognized by its high-frequency sounds long before it

worsens to a point whcrc it becomes audible.

Ultrasonic Translators

A simple, yet cffectivc lllcans for hunran ears to hear

the ultrasonic world is the ultrasonic translator, first

developed in 1961 by what is now the Delcon Division

of -hp-.* -hp- ultrasonic translators convert high-fre-

quency sounds at frequcncics between approximately

36 kHz and 44 kHz to audible sounds at frcqucncies

less than 5 kHz, whcre human ears are most sensitive

(see diagram at left). Unlike some ultrasonic test equip-

mcnt, translators are not generators of ultrasonic energy'

*Bes ides  u l t ras0n ic  t rans la t0 rs ,  the  De lc0n D iv is ion  a ls0  pr0duces  ins t ruments  fo r

l 0 c a t i n g  0 p e n  c i r c u i t s  i n  c a b l e s  a n d  f 0 r  l o c a t i n g  f a u l t s  i n  b u r i e d  c a b l e s
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Speaker  o r
Ea rphones

Basic ullrasonic trdnslator block diaprant

They translate; that is, they make it possible to listen to
sounds that are normally inaudible.

Translator operation is relatively uncomplicated. At
the top of this page is a basic block diagram. Ultrasonic
energy betweet 36 kHz and 44 kHz is converted to elec-
trical signals of the same frequencies by a high-frequency
microphone, located in a cylindrical probe. The electrical
signals are amplified and heterodyned rvith a 4O-kHz
local oscillator signal, and the resulting signals are filtered
to eliminate all frequencies above 5 kHz. The audio-
frequency signals are connected to a loudspeaker or to
earphones, or rectified and applied to a meter.

Translators have speeded and simplified the detection
and location of many different kinds of ultrasonic
sources. There are several reasons for their effectiveness.

First, the probes are directional, giving maximum
response when they are pointcd directly at a source of
ultrasonic energy. It is easy to learn to locate a source by
coordinating its direction with the intensity of the trans-
lator output.

Second, the high-frequency noises of many dcfects
which are too small to make audible noises, when trans-
lated, sound very much like the audible sounds these
defects would produce if they were larger and more
serious. For example, the translated sound of a gas leak
is a hissing noise, and a dry bearing makes high-fre-
quency sounds which translate into a high-pitched squeal.
Hence it is easy to identify the translated sounds of most
common defects.

A third reason why translators are effective is that
they are fast. It isn't necessary to dismantle anything to

Airline mechanic checks Boeing 7208 cabin orygen tys-
tem for leaks usirtg -hp- Model 118 (Iltrasonic Translator
and general-purpose probe with locusing extension.



IJltrasonic deteclion ol leaks in pressttrized telephone ca-

bles has eliminated old-fashionetl soap-bubble method.

Leaks can usually be heard lrom the grouncl, often from

a truck rlriving along the cable path. Translator responds

only to sounds between 36 kHz and 44 kHz and i.s not

aflecterl by audibla traffic noises.

Logic and automatic alarm circuils are built into new ac-

powered Model 4950A [Jltrasonic Translator for auto-

matetl ultrasonic production testing. Instruntent rcsponds

either to ultrasonic signal or to its integral, and closes a

relay whenever signal or integral exceeds level set with

inDut at tenuQtor.

use one. Usually a product or system will be operating

when it is being checked. What's more, defects which

broadcast their sounds through the air can be detected

from some distance. This saves time, since the presence

of a defect can be detected without examining every part

of a system.

Types and Uses of Translators

The first translators were portable battery-powered

units, designed principally for locating leaks in pressur-

ized telephone cables and other pressurized systems

(photos, pp. 3 and 4). Today, these translators are used

for finding leaks in vacuum systems, for locating high-

voltage breakdown and corona, for trouble-shooting

operating fluid power systems, for pinpointing engine

defects, for engineering design of transformers and me-

chanical devices, and for many other purposes. Some typ-

ical uses are illustrated on page 6'

Recently, a new ultrasonic translator has been de-

signed specifically for production testing (photographs,

top of page). This new ac-powered instrument has switch-

ing and automatic alarm circuitry as well as the basic

ultrasonic translator circuits. These extra circuits actuate

a relay when the ultrasonic energy produced by a product



under test exceeds a preset level. The relay can be used
to set off an alarm or to cause a faulty product to be
rejected.

Detecting Low-pressure Gas Leaks

Of historical as well as practical significance, because it
was one of the earliest applications of ultrasonic transla_
tion, is the detection and location of leaks in pressurized
telephone cables. Pressurization of long-distance cables
was begun by the telephone company jn l9Z7 , and sub_
scriber cables were first pressurized in 1952.* Cable
pressurization prevents moisture from penetrating the
cable in the event of a break in the cable sheath. It has
been found to substantially reduce the number of service-
affecting cable troubles. Dry air circulating in the cable
keeps the insulating paper dry, thereby reducing leakage,
cross-talk, and noise. Sheath breaks are rehdily detected
by noting excessive air consumption, and can be located
roughly by plotting pressure gradients.

Before ultrasonic translators became available, precise
location of leaks in telephone cables had to be accom-
plished by applying soap solution, inch by inch, to a
suspected section of cable and watching for bubbles.
Now, the sanre leaks can be detected much more rapidly
by ultrasonic translation, often from a truck driving along
the cable path.

Ultrasonic leak detection depends upon the transition
from laminar to turbulent flow as a gas leaks from an
orifice, as shown in the diagram at upper right. Non-
orifice leaks, i.e., diffused or labyrinth leaks (middle dia-
gram at right), do not always create sufficient turbulence
to be easily detected by ultrasonics. Orifice-type leaks,
however, can be detected at distances beyond 100 feet.
At lower right is a chart relating typical leak detec-
tion ranges for Delcon translators to the orifice size and
pressure. Notice that at a pressure of 20 psi, a leak from
an orifice havng a diameter of about 0.018 inch can
be detected at 100 feet .

Production Testing

Either the portable or the new ac-powered ultrasonic
translators can be used to accelerate and simplify pro-
duction testing for leaks, corona, and other industrial
defects. However, in most cases the ac-powered type will
do the best job. Its logic circuits not only make it more
versatile but also give it the ability to do automatic
testing.

' J o h n  P .  A d a m s , ' A  H i s t o r y  o f  C a b l e  p r e s s u r i z a t i o n , , T h e  D e l c o n  D e t e c t o r .  V o l . 2 .
N0.6 ,  June,  1965.  (Excerp ted  f rom a  paper  de l i vered  a t  the  Cab le  p ressur iza t ion
Seminar ,  Eas t  Meadow,  L - l  ,  N .y . ,  Apr i t  2 l -24 ,  1963. )

Gas flow through an orifice creates turbulence, resulting
in molecular collisions which produce ultrasonic etrergy.
-hp- ultrasonic translalors cail detect these leaks at dis_
tances given in diagram below.

Low pressure

High pressure

Labyrinth leaks do not produce enough ultrasonic energy
to be readily detected by ultrasonic translators.

Typical leak detection ranges ol -hp- ultrasonic transla-
tors. Curves give typical leak detection distances lor ori-
fice-type leaks versus pressure and orifice size.
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Typical
uses of
Ultrasonic
Translators

A. Maintenance technician
inspects hospital networks
carrying oxygen, nitrous
ox ide .  vacuum,  and med ica l
a i r  w i th  Mode l  116
Ultrasonic Translator and
general-purpose probe.
Networks are tested under
150 ps i .  A t  th is  p ressure ,
holes smaller than 0.00075
inch can be located.

B. lnspecting a substat ion
for  corona w i th  Mode l  117
Ultrasonic Translator with
general-purpose probe.

C, Cable repairman scans
section of cable with Model
118 Trans la to r .  Cab les  are
tested under several kVdc.
Found on this 2000Jt.
reel was a cross circuit
result ing from a
%s-inch-long break in
polyethylene coating.

D, lnspecting the f langed
stainless-steel tube leading
from a reformer in a
chemica l  p lan t .  Tube
contains hydrogen at
1300"F,  p rec lud ing  leak
detection by soap solut ion.
H igh  aud ib le  no ise  leve l
precludes audible detection.
General-purpose
ultrasonic probe has
focusing extension for
p inpo in t ing  leaks .

E.  Produc t ion  eng ineer
adjusts gain control
of Model '1 18 Translator
to predetermined
test level as he holds
contact probe near gas
bear ing  component  dur ing
start-stop cycles.
Translator gives numerical
dB readings of fr ict ion
noises in production
gyroscope components.

F. Ultrasonic inspection for
valve blow-by el iminates
compression tests. As
starter turns engine, air l ine
mechanic holds contact
probe of ultrasonic
translator against each
rocker box cover and l istens
for faulty valves.



Because translators are sensitive only to ultrasonic
energy, their performance is not affected by the loud
audible noises usually present in a production area (pro-
vided, of course, that these audible noises aren't accom-
panied by ultrasonic sounds).

Detecting leaks in sealed containers is one type of
production testing which is ideal for translators. The
most common leak test now in use is water immersion:
a container is placed in a tank of water and a technician
watches for bubbles which reveal both the existence and
the location of a leak.

Most leaks which can be located by water immersion
can be located much more easily by pressurizing the
container and listening with an ultrasonic translator for
the characteristic hissing sound of the leak. In fact, many
leaks which are too small to be detected by water immer-
sion can be found using a translator.

In another typical production application, manufac-
turers of aerosol 'bombs' use ultrasonic translators to test
their containers for proper operation. In one facility, a
plunger strikes the valve of each can as it comes off the
production line. The ultrasonic energy produced by the
escaping spray is detected by one of the new ac-powered
ultrasonic translators. If the valve doesn't hiss loudly
enough, the internal logic and relay circuits of the trans-
lator cause the can to be rejected automatically.

Translators are also used to check for corona in high-
voltage filament transformers and in the high-voltage
horizontal transformers of television sets (see photo at
right). With a translator, corona caused by faulty insula-
tion or small metallic inclusions is readily detected, either
automatically or by a technician. Corona produces a
frying or crackling sound in the loudspeaker of the trans-
lator,

Logic Circuits

The logic and automatic alarm circuits of the ac-
powered translator are shown in the block diagram on
page 8. In the upper part of this diagram are the basic
ultrasonic translator circuits, along with additional am-
plifiers and an input attenuators which give the user a
choice of outputs and finer control of signal levels. The
lower part of the diagram shows the logic, alarm, and
meter circuits.

Whenever the ultrasonic energy impinging on the
probe is strong enough to cause the front-panel meter to
read more than 0 dB, the alarm relay closes and the
alarm light comes on. An audible alarm, an automatic
rejection mechanism, or any other device can be con-
nected to the relay terminals on the rear panel.

Ultrasonic inspection ol high-voltage filament transform-
ers for corona, using new Model 49504 Ultrasonic Trans-
Iator. Ttanslator alarm light indicates too much corona.
Test voltape is 3.5 kV.

The amount of signal that will cause the meter to
read 0 dB is determined by the input step attenuator and
the vernier. Usually these attenuators are set so that
0 dB is some appropriate number of dB above a refer-
ence signal such as the background noise in the probe
or some known ultrasonic signal.

Translator operation can be either continuous or trig-
gered. Continuous operation is just what you would
expect-the translated electrical signals corresponding
to the ultrasonic input energy go directly and continu-
ously to the meter and alarm circuits.

In triggered operation the meter and alarm circuits
are inactivated by a transistor gate circuit until a trigger
- a momentary contact closure to ground - is applied
to the trigger input. Then the gate is opened and the
translator is activated for a length of time determined by
an adjustable monostable multivibrator. Gate lengths of



o

-50
3 4 3 6 3 8 4 0 4 2 4 r ' ' 4 6

FREQUENCY (kHz)

Typical lrequency response ol barium titailate lransduccr

used irt ultrasonic trdnslator probes.

Alarm
Lieht

0.1 to 3.0 seconds can be selected. In the triggered mode,

the alarm can be set off only during the time that the gate

is open. This mode would be used, for example, in pro-

duction test systems which make loud ultrasonic noises

while moving each new product into the test position.

The activating trigger would be applied to the translator

after each move is complete, the system ultrasonically

quiet, and the device ready to test.

If ultrasonic noise or fast transients are present and

are strong enough to set oft the alarm prematurely, the

signal can be integrated during the time that the gate is

open in the triggered mode. This will cause the noise to

be averaged out and decrease the effects of fast transients

so that meaningful measurements can be made. The

meter will indicate the integral of the input signal.

Transducer and Probes

Either of two tlpes of probes may be used with any of

the ultrasonic translators. One is a general-purpose direc-

Block cliagram ol Model 49504 Ultrasonic Translator, showing logic and alarm circuits lor production testing.
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o tional microphone which is used to detect and locate
sources which transmit their ultrasonic energy through
the air. The second type of probe is a contact probe
whose sensing end is a long, 1l-cm, stainless-steel stylus.
Heavy metallic structures such as engine blocks readily
conduct ultrasonic energy, but are so massive that their
surfaces do not vibrate enough to broadcast this energy
through the air where it could be detected by the general-
purpose probe. The contact probe is designed to be
placed in contact with solid objects and to be sensitive
to ultrasonic energy propagating in them. It is insensitive
to sound waves in air.

Both probes use the same transducer element to con-
vert ultrasonic energy to electrical signals. The element
is a thin rectangular piezoelectric crystal of barium titan-
ate placed with its flat side perpendicular to the axis of
the probe. This transducer element is one of the most
sensitive types. Its frequency response has two peaks,
typically at about 37 kHz and 43 kHz, as shown in the
diagram on p. 8. As mentioned above, the clefects of
interest generate broad ultrasonic spectra, and all have
significant energy in the 36-to-44-kHz range.

In the general-purpose probe the transducer element
is preceded by a horn, or cone, which effects an efficient
lmpedance match between airborne sound enersv and
stiff transciucer, and contributes to directivity.

A small aluminum saddle at the end of the horn helps
further to match the acoustical impedance of the air to
the acoustical impedance of the barium titanate crystal.
The horn, saddle, and crystal occupy about hatf the
length of the general-purpose probe, and the other half
of the probe contains a solid-state preamplifier.

In the contact probe, the transducer element is spring-
mounted and placed in contact with a knife edge on the
probe end of the stylus assembly. The contact probe also
contains a solid-state preamplificr.
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S P E C I F I C A T I O N S

-hp-
Model 4950A

Ultrasonic Translalor

I N P U T :  U s e s  w i d e  r a n g e  p r o b e s  w h i c h  r e s p o n d  t o  u l t r a s o n c  n o i s e s  i n  t h e  b a n d  o l

36-44 kHz

SIGNAL ATTENUATOR: Step: '10 dts/step attenuator over 90 dB range

F i n e :  C o n t i n u o u s l y  a d j u s t a b l e  o v e r  a  r a n g e  o f  2 0  d B

GATE MOOES: Cont inuous: lnstrument operates as a normal ul t rasonic deteclor When-

e v e r  t h e  s i g n a l  e x c e e d s  t h e  t r i g g e r  I e v e l  t h e  r e l a y  i s  a c t u a l e d

T R I G G E R :  I n s t r u m e n t  r e q u i r e s  a  t r i g g e r  s i g n a l  t o  o p e n  a  g a l e  i n  t h e  m e t e r  c i r c u i t

The gate stays open lor a preset gate t ime and then closes automatical ly l f  the

ultrasonic signat exceeds the tr igger Ievel whi le the gate is open, the relay is

actuated The required tr igger signal is a momentary contact c losure

G A T E  L E N G T H :  L e n g t h  o f  g a t e  c a n  b e  p r e s e t  t o  0 1 '  0 3 ,  1  0 '  o r  3 0  s e c o n d s  ( T h i s

also sets the integrat ing t ime in the integrate mode )

NON-INTEGRATE: Response of the instrument is direct ly proport ional to the ul l ra-

s o n i c  s i g n a l

t i lTEGRATE: Response of the instrument is propodional lo the integral  o{ the ul tra_

s o n i c  s i g n a l

ALARM MODES: Alarm length: Length of t ime lhe relay is actuated can be preset to

0 1 . 0 3 , 1 0 o r 3 0 s e c o n d s

NON-LATCH: Relay is actuated whenever the signal is above the t ' igger level and

drops out when the signal is below the tr igger level Hysteresis is approximately

2 d B

LATCH: Relay is reset by pushing alarm l ight switch when signal level dlops below

tr igger level

A u D I O :  H a s  2  w a t t  a u d i o  a m p l i t i e r ,  w i t h  a  b u i l l - i n  I o u d s p e a k e r

AUXILIARY OUTPUTS: Osci l loscope: 1 O V rms output for lu l l  scale meter def lect ion

Recorder:  
'1 o V dc oulput tor lu l l  scale meter del lect ion Phones: Internal loud-

soeaker is disabled when earphones are connected

T E M P E R A T U R E :  O p e r a t i n g  t e m p e r a t u r e  r a n g e  0 " C  t o  5 5 " c

PHYSfCAL CIIARACTERISTICS: Dimensions: 16ya" wide, 5y2" hi1h, 11y4" deep

S y s t e m  w e i g h t :  1 8  l b s  ( 8 , 2 6  k g )  S h i p p i n g  w e i g h t :  2 3  l b s  ( 1 0 , 4  k g )

POWER: 105 to 125 or 210 to 250 volts,  50 lo 60 Hz'  15 watts

PRICE: Modet 4950A, $1475, includes general-purpose probe and cord Model 72007

Contact P.obe avai lable as opt ional accessory at $150 addit ional

Models 4918A and 118
Podable Ultrasonic Translalors

C O N S T R U C T I O N :  R u g g e d  a l u m i n u m  c h a s s i s  a n d  c a b i n e t  w i l h  d e t a c h a b l e  l r o n t  c o v e r

with operat ing instruct ions and accessory storage Mil-Spec pr inted ci tcui t  board;

outside quick-access baltery compartment

C I R C U I T R Y :  B r o a d - r a n g e  4  5  v o l t  t r a n s i s l o r i z e d  c i r c u r t r y  w i t h  R F  f i l t e r  H e r m e t i c a l l y

sealed power switch

FREOUENCY RESPONSE: Translates frequencies between 36 and 44 kHz into audible

sounds: other sounds within audio range are screened out

P R O B E  A N O  C O I L  C O R D :  H a n d - h e l d ;  s h i e l d e d  a g a i n s t  R F  i n t e l l e r e n c e ;  o u t p u t  i m p e d -

a n c e  1 8 0  o h m s :  t r a n s i s t o r i z e d  p r e - a m p l l f i e r ;  c o n i c a l  r e s p o n s e  i 1 1 o  a t  3  d B

points Suppl ied with a six-foot coi l  cord employing latch- lock connectors Less than

1 dB loss when used with 1Oo-foot connect ing cable Probe size:13ls" diameter x

6y4" long, including protect ive monel_screened cap Power to probe suppl ied

t h r o u g h  c o r d  f r o m  m a i n  u n i t

M E T E R : U l t r a s o n i c s o u n d i n t e n s i i y m e a s u r e d b y o u t p u t m e t e r ; s e a l e d a n d g a s k e t e d t o

l o c k o u t d i r t a n d c o n t a m I n a n I s ; s c a | e t e n g t h l T 5 i n c h e s ; I i n e a r c a l i b r a t i o n { 0 1 0 0 )

on upper scate for logging relat ive measurements; lower scale cal lbrated from

0-30 dB

SPEAKEB: Incorporates 4 x 6 inch speaker;  normal power to speaker 400 mW

T E M P E R A T U R E R A N G E : o s c i l l a t o r s t a b i l i l y t l s H z ' a n d s i g n a | t o n o i s e r a l i o w i l h i n

+1 dB trom ooc to 55oC

H A Z A R D O U s  L O C A T I o N S  ( M o d e t  4 9 ' l 8 A  o n t y ) :  M e e l s  r e q u i r e m e n t s  o f  U n d e r w r i t e r s '

L a b o r a t o r i e s ,  I n c ,  l o r  u s e  i n  H a z a r d o l s  L o c a t i o n s  C l a s s  l '  G r o u p  D  L i s t e d  u n d e r

UL's Re-examinat ion Service

HEAosET JAcK: Auxi l iary 600-ohm output headset jack Headset furnished as

slandard

R E C O R D E R  J A C K  ( l \ , l o d e l  1 1 8  o n l v ) : 1  m A  d c  a v a i l a b l e

slzE 11" x 9" x ayz"

s Y s T E M  w E I G H T :  1 1  l b s ;  s h i p p i n g  w e i g h t  1 4  l b s

B A T T E B Y  I N F O R M A T I O N : 3  E v e r e a d y  E - 4 2  o r  e q u i v a l e n t  ( m e r c u r y  t y p e )

BATTERY LIFE:5OO 7OO hOUTS

P R I C E :  M o d e l  4 9 1 8 A ,  $ 8 5 0 0 0 ,  c o m p l e t e  a n d  i n c l u d i n g  b a t t e r i e s '  g e n e r a l - p u r p o s e

probe, headset,  6_foot coi led cord and probe extension adapter Model 72007

C o n t a c t  P r o b e  a v a i t a b l e  a s  o p t i o n a l  a c c e s s o r y  a t  $ 1 5 0 0 0  a d d i t i o n a l  M o d e l  1 1 8

(same as Model 4918A except that Model 1 '18 has recorder output and is not UL_

agproved for use in hazardous locat ions),  $850 00

Model 49054
Portable Ullrasonic Translalor

CONsTRUCTION: Rugged aluminum chassis and case; stainless steel hardware

throughout;  Mi l-Spec prtnted circui t  board; quick_access bat lery compadmenl i

detachable cabinet side-plate lor servicing

CIRCUITRY: Broad'range 4'5 V transistor ized circui l ry with RF f i l ter provides 100 dB

d y n a m i c  r a n g e ;  c i r c u i t  g a i n  c o n t r o l l e d  b y  a  s i n g l e  k n o b

FREOUENCY RESPONSE: Same as 4918A

PROBE ANO COIL COBD: Same as 49184

METER: Same as 49184

SPEAKER: Incorporates 25 inch speaker;  sealed against moisture; nominal power to

speaker 25 mW

TEMPERATURE RANGE: Same as 49184

HEADSET JACK: Auxi l iary 600-ohm output headset jack

sYsTEM wEIGHT: Net 6 lbs (2'7 kg):  shipping weight I  lbs (3'6 kg)

EATTERY TNFORMATION: Three Evereadv E-l2 or equivalent (mercury type)

BATTEBY LIFE: 360-500 hours

DIMENSIONS: 81/4" wide x 4y2" high x 21/a" deep 120,9 x 11'4 x 5'71 cm)

PRICE: Model 49054' $595 o0

4p-
Models 116,  117,49174

Portable Ultrasonic Translalors
(SPecif icat ions on request)

M A N U F A C T U R I N G  D I V t S I O N :  h p -  D e l c o n  D i v i s i o n

333 Logue Avenue

Mountain view, Cal i lornia 94040
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Fig. l. This new all solid state
-hp- Moclel 3410A AC Microvoltnteler

wi l l  measure s ignals evenwhen

frequency and amplilude are unknown'

A pancl  I i .eht  helps in datarmining

the proper se tting ol the range switch'

Adjusting the lront pune I tutting control

to within 17o ol the signal frequency
enables the phase-Iock circuitry to

lock on and track the inPut sigtnl

within the specified limits.

It operates at any frequency from 5 Hz to 600 kHz and

has a high input impedance of 10 megohms. Sensitivity

is 3 microvolts full scale on the most sensitive range'

Noise and spurious signals up to 20 dB above full scale

are rejected.

Operation of the Microvoltmetel
The circuit of the -hp- Model 34104 AC Microvolt-

meter, Fig.2, consists of four major sections: The input

or signal conditioning circuit, the phase lock loop, an

inhibit circuit, and a meter circuit. When tuned to any

discrete frequency between 5 Hz and 600 kHz, the

meter indicates the rectified average value of the signal'

All noise and nonharmonically related signals are filtered

out.

Rejection of Submultiple Frequencies. The synchronous

rectifier will respond to any odd harmonic of its drive

frequency in inverse proportion to its harmonic number'

Thus, if an input signal is at a frequency of 5000 Hz

with a level of 5 mV, and the drive frequency is at 1000

Hz, the output dc of the synchronous rectifier will pro-

&lS 
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How to Recover Weak Signals
Buried in Noise
A new phase-lock synchronous detector enables this ac
microv6ltmeter to lo-ck on to signals obscured by noise.

By Raymond C. Hanson

EAsuRING Low-LEvEL sIGNALS nearly obscured by

noise or other nonrelated signals is required in

many applications. Some general areas in which this

condition is encountered include instrument calibration,

communications and medical research.

The broadband, average responding voltmeter is lim-

ited in sensitivity by inherent noise and spurious signals'

An extension of the average-responding voltmeter for

very low level signals obscured by noise uses the syn-

chronous rectifier. When driven at the fundamental fre-

quency of a known waveform, the filtered output of a

synchronous rectifier is proportional to the average value

of that waveform. Noise and spurious signals are rejected'

Voltmeters using this technique require a clean, high-

level reference signal input from the test signal source,

or that the system under test use the local oscillator

output of the voltmeter. In many cases such a hook-up

is not convenient or is imPossible.

A new ac microvoltmeter, Fig. 1, has been designed

that uses a phaseJock oscillator to drive a synchronous

rectifier, thus eliminating the need for a reference input'

1 1



Typical Applications of -hp- Model 3410A

Measuring Iirequency of Signals in Noise
A low- leve l  s igna l  in  lhe  mic rovo l t  reg ion  can eas i l y  be  obscured by

no ise  (a ) .  D i rec t  read ing  o t  f requency  w i th  a  coun ier  i s  no t  poss ib le ,

e v e n  w i t h  a  h i g h - g a r n  p r e a m p l i f i e r .  l n  a d d i t i o n ,  a  c o u n t e r  m a y  g i v e

er rcneous read ings  i f  the  ampl i tudes  o f  the  measured s igna ls  a re

f lu  c tu  a t i  ng
The ac  mjc rovo l tmeter  may be  used as  a  p reampl i f ie r  fo r  a  counter

W h e n  i t  l o c k s  t o  a  s i g n a l ,  i t s  l o c a l  o s c i l l a t o r  o u t p u t  ( a  5  V  s q u a r e

wave)  i s  cons tan t  ampl i tude and a t  the  input  s igna l  f requency  (b )

I t  i s  very  d i f f i cu l t  to  synchron ize  an  osc i l loscope to  a  low- leve l

repet l t i ve  s igna l  in  no ise  The ac  mjc rovo l tmeter  can be  used as  a

sync  source  by  lock ing  i t  to  the  repet i t i ve  s igna l  and app ly ing  l t s  loca l

osc i l la to r  ou tpu l  to  lhe  ex le rna l  sync  te rmina ls  o f  the  osc i l loscope (c )

Thus  i t  i s  poss ib le  to  see the  repet i t i ve  na ture  o f  the  no isy  s igna l  on

the  cFT
Because the  -hp-  Mode l  3410A is  ab le  to  t rack  a  chang jng  vo l tage

and main ta in  vo l tage accuracy  over  a  range o l  +5" / "  o I  the  f requency

range,  i t  i s  poss ib le  to  make measurements  where  the  f requency  o f

the  input  s igna l  i s  chang ing  The input  f requency  can change as  fas t
as  05% per  second up  to  the  57 .  f requency  range

Separating Closely Spaced Coherent Signals
Two s igna ls  no i  re la ted  harmon ica l l y ,  bu t  near ly  the  same ampl i lude

and f requency  can be  measured independent ly  In  th is  app l i ca t ion ,

the  mic rovo l tmeter  a t  the  le f t  i s  tuned to  a  3000 Hz s igna l  o f  70  mV

At  the  r igh t ,  the  mic rovo l tmeter  i s  read ing  a  3100 Hz s ignat  a t  a  leve l

o f  9 0  m V  T h e  s u m  o f  t h e  t w o  s i g n a l s  ( E :  \ / E , ' + E l : 1 1 4 m V )
is  d isp layed on  the  t rue  RMS vo l tmeter  a t  the  top  D isp layed on  the
osc i l loscope is  the  compos i te  wavefornr  i l l us t ra t ing  the  100 Hz beat
f reo  uencv

Measuring Power Supply Ripple

Ripple on a power supply of  up to about 150 V dc can be measured
with the -hp- Model  3410A Microvol tmeter.  The instrument can meas-
u re  m ic rovo l t s  a t  t he  usua l  r i pp l e  f r equenc ies  o f  60 ,120 ,  180  Hz  and
others

Every system has some ground loop problem and i t  is  d i f f icul t  or
impossib le to predlct  ground loop vol tage One method of  determining
ground loop vol tage is  shown in the block diagram (a)  By disconnect-
ing the inpui  lead,  but  keeping the ground connect ion on,  the ground
loop vol tage may be measured as shown This vol tage is  subtracted
trom ihe r ipple vol tage reading to obtain the t rue r ipple vol iage.

Ripple on ihe 1 V, 400 Hz source (b) is of the order of 1 mV



Measure Signal to Noise Ratio
Use an external  var iable at tenuator to adjust  the input  level  to the
-hp- Model  341 0A io be just  sul i ic ient  to l ight  the range indicator  l ight '

The range indicator  l ighl  goes on when the postampl i f ier  output  is

10 dB or more above the ampl i tude required for  a fu l l -scale meter

indicat ion.  The broadband input  s ignal  is  then +10 t1 dB above fu l l

scate for  the part icular  range swi tch set t ing used'  This procedure

yie lds 1 dB resolut ion rather than 10 dB resolut ion provided by the

range swi tch
Next,  the microvol tmeter is  locked to the s ignal .  The dB value of  lhe

signal  as read on the meter minus 12 gives the s ignal- to-noise rat io

Calibrating Attenuators
Where an inpui  power l imi tat ion restr ic ts the input  vol tage to an

at tenuator,  ihe output  vol tage at  Iu l l  at tenuat ion wi l l  be low and l ikely

burfed in noise.  For example,  a coaxia l  at tenuator such as lhe -hp-

Model  355D has a tota l  at tenuat ion of  120 dB and a power l imi tat ion

of  0 5 W. At  50 ohms, the maximum input  s ignal  is  5 vol ts '  resul t ing in

a 5 microvol t  s ignal  out  at  fu l l  at tenuat ion- This 5 microvo' t  s ignal  is

smal ler  than lhe inherent  inPut noise of  broadband vol tmeters '  A

typical  at tenuator cal ibrat ion setup,  uses the ac microvol lmeter to

check deviat ion f rom the standard- The microvol lmeter can be used

for  cal ibrat jon over a wide f requency range

1 3

Measuring Summing Junction Voltages
Voltage measurements made at  the summing junct ion of  a typical

operat ional  ampl i f ier  (a) ,  require an instrument wi th h igh sensi t iv i ty
and high input  impedance to avoid loading.  The new ac microvol tmeter
is ideal ly  sui ted lor  th is measurement wi th i ts  3 i rV fu l l  scale sensi t iv i ty

and input  impedance of  10 megohms By reconnect ing the operat ional
ampl i f ier  (b) ,  a loop gain p lot  can be obtained by plot t ing the magni-
tude ot  the return vol tage as a lunct ion of  f requency Where a number
of  vol tages of  d i f ferent  f requencies are summed at  the input  (c) ,  they

may be measured independent ly provlded their  t requencies are suf f i -
c ient ly  separated.

(u)

F .

Providing AGC to a Signal Source
The dc  recorder  ou tpu t  o f  the  -hp-  Mode l  3410A AC Mic rovo l tmeter

prov ides  a  dc  leve l  p ropor t iona l  to  the  ampl i tude o f  the  input  s igna l

a t  i t s  tuned t requency .  The dc  may be  fed  back  to  the  source  as  an

AGC vo l tage.

DC Output

( D )

F .

F ^

F .

(c)



Fig. 2. In the Model 3410A, the input signal is applied to the meter modulator which is
driven by the square wave output ol flip-flop 2 in phase with the input trequency' Thus
the output lrom the meter modulator is a synchronous half-wave rectification of the input

' 
signal which reiects even, but not odd harmonics.

duce a meter indication of 1 mV This constitutes an er-
roneous response since there is no input signal at the
tuned frequency of 1000 I{2. To prevent this type of
error, the microvoltmeter has an inhibit circuit. The
inhibit circuit consists of signal processing circuits simi-
lar to that of the metering circuit except that it is pre-
ceded by a tuned frequency discriminator. The output

of the inhibit circuit and meter circuit are fed to a

comparator which controls a reed relay connected across

the meter. The reed relay shorts out the meter except

when the input sipal is at the tuned frequency of the

local oscillator.

Response to Harmonics. The microvoltmeter does not

respond to even harmonics of the sipal to which it is
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locked. It responds to odd harmonics in proportion to

their amplitude and phase relationship to the funda-

mental as do all average-responding voltmeters. If the

instrument is tuned to a harmonic of some signal, it will

respond to the odd multiples of that harmonic in propor-

tion to the amplitude and phase relationship of these

odd multiples to the tuned harmonic.

Phase Lock Oscillator. The purpose of thc phase-lock

oscillator is to develop a drive signal for the synchronous

rectifier. This drive signal must be in phase with the

input signal, while the nature of the phaselock oscillator

is to lock at 90 degree phase with respect to the input

signal. Therefore, to drive the synchronous rectifier, the

phase-lock oscillator must produce two signals phase

shifted by 90 degrees. This is accomplished by operating

the voltage-controlled oscillator at four times the fre-

quency indicated on the frequency dial. The VCO pro-

vides a clock input for two flip-flops which are inter-

connected to divide by four and give two outputs with

the proper 90 degree phase relationship.

The VCO is a free-running, multivibrator l inearly

tuned by means of voltage-controlled current sources.

A low-pass filter in the phase-lock loop is changed each

decade so that the frequency characteristic provides a

capture range of l7o atfdl-scale frequency and full-scale

meter deflection. Lock range is defined here to be the

frequency range over which the oscillator will track a

drifting signal while maintaining a sufficiently small phase

error to maintain rated accuracy in the microvoltmeter

meter reading. The lock range is -r5Vo.

Range Indicator. Selective voltmeters may give erroneous

readings due to spurious signals overloading the input.

To avoid this problem, a range indicator light tells the

operator which range switch setting can be used with

rated accuracy. It saves the operator time by indicating

the range switch setting at which phase lock can be

achieved, since the phase-lock loop has a finite dynamic

range over which phase lock can be achieved. In the
-hp- Model 3410A, this range is 20 dB above full-scale

signal to -20 dB below full scale. For larger signals,

the active filter in the phase-lock loop does not operate

linearly. For smaller signals, the capture range is reduced

to the point where phase lock cannot be achieved.

The range indicator is a broadband detector which

responds to the average value of the composite input sig-

nal. It lights the range indicator light when the signal

level is about 10 dB above full scale. If the input is a

"clean" signal and the range switch is stepped down until

the light comes on, the signal level will be between 10 dB

and 20 dB above full scale and phase lock can be ob-

tained. When phase lock is achieved by tuning, the

meter will be pegged and it is necessary to up-range to

obtain an on-scale indication. If spurious signals and/or

noise exceeds the desired signal, then the meter indica-

tion may be less than full scale. If phase lock is not

achieved, then the signal is too far below the noise to

be recovered by the instrument.

Acknowledgment
James L. Crooks was responsible for the product de-

sign of the -hp- Model 34104 AC Microvoltmeter. q

S P E C I F I C A T I O N S
-hp-

Model 3410A AC Microvoltmeter

VOLTAGE RANGE:  3pVfu l l  sca le  to3  V fu l l  sca le  ( -110 dBm to  +10 dBm)
VOLTAGE ACCURACY:  (% o f  fu l l  sca le )

600 kHz

50 kHz

1 0 0  H z

25 Hz

1 O  B z

O
z

f
o

R A N G E  -  F ! l l  S c a l e

F R E O U E N C Y  R A N G E : 5  H z  t o  6 0 0  k H z  i n  d e c a d e  r a n g e s

F R E Q U E N C Y  D I A L  A C C U R A C Y :  : r  l 0 %  f u l l  s c a l e  ( u n l o c k e d )  L i n e a r L y  t u n e d  o v e r  e a c h

d e c a d e  l 5  d e c a d e s )

P H A S E  L O C K  R A N G E :  P ! l l  i n  r  1 7 o  o f  f u l l  s c a l e  l r e q u e n c v
r f tck  +5 lo  o l  fu l l  sca le  f requencv
Track ing  speed 72  7o  o f  fu l l  sca le /s

M A X I M U M  N O I S E  R E J E C t I O N : 2 0  d B  r m s  a b o v e  f u l l  s c a l e  o n  a l l  r a n g e s  l o r  r a l e d

accuracy

I N P U T  I M P E D A N C E :  1 0  [ 4 1 ]  s h u n l e d  b y  2 0  p F

M E T E R :  R e a d s  r m s  v a l u e  o f  s i n e  w a v e ;  v o l t a g e  i n d i c a t i o n  p r o p o r t i o n a l  t o  a v e r a g e  v a  u c

o l  a p p l r e d  w a v e .  L i n e a r  v o l l a g e  s c a l e  0  t o  I  0  t o  3 ;  d B  s c a l e  - 1 2  t o  + 2  d B  ( 0  d B
= mW in io  600{ l )

LOCAL OSCILLATOR OUTPUT:  5  V  square  wave,  1000! l  ou ipu t  impedance

R E C O R D E R  O U T P U T :  1  m A  i n t o  1 0 0 o l l  0  5  V  a d i u s t a b l e  o l f s e i  l e v e l

A C  P O W E R :  1 1 5  o r  2 3 0  V  r 1 0 o l . ,  5 0  l o  l A o A  H z , 2 2 w

P B I C E :  h p  t \ r o d e l  3 4 1 0 A  5 8 0 0 0 0

M A N U F A C T U R f N G  D I V I S I O N :  h p -  L o v e l a n d  D i v i s i o n
P  O  B o x  3 0 1
L o v e l a n d  C o l o r a d o  8 0 5 3 7
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Using a Precision ac Amplifier for
Measurement and Galibration
Good gain accuracy and low distortion in a general purpose amplif ier
make it possible to extend the range of many instruments.

By Rex James

[ ] nrclsroN AC AMpLrFrERs, that is with stable, cali-
t brated amplif ication characteristics, can extend the
useful range of many existing devices and instruments.
A combination of accurate gain and low distortion makes
a precision amplifier useful as a preamplifier in precision
low-level ac measurements, Where the amplifier has a
relatively high voltage output, it may be used as a post-
amplifier for oscillators and function generators.

One such amplifier, the -hp- Model 463,4 Precision
Amplif ier, Fig. 1, has been designed to meet these re-
quirements. The desired characteristics were achieved
by a combination of several features. Good gain accu-
racy and low distortion is dependent upon the differential
input amplif ier. Since this is the summing junction of the
overall feed-back loop, Fig. 2, it is designed to have good
common-mode rejection to assure stable gain accuracy
and Iow distortion.

Distortion is generally introduced in the output ampli-
fier. A high-current capability with solid state devices
with low distortion was accomplished using a push-pull

Fig. 1. Gain accuracies ol better than +0.001 dB oJ the -hp-
Model 463A Prccision Amplifier make it uselul lor precision
low- level  s ignal  measurements,  cal ibrat ior t  and many other
applications.

emitter-follower stage. The high voltage characteristics
(100 V rms) were accomplished by stacking high voltage
transistors so that they share the output voltage.

The forward gain of the open loop amplifier is main-
tained at 10,000 with a stabil ity of approximately 7.)Vo.
Then the feedback ratio is set with the precision feedback
divider to set the closed loop gain of the amplifier. This
feedback ratio can take on values of 0.1 , 0.01, and 0.001
giving closed loop gains of 10, 100, and 1000. As the
closed loop gain increases, the "loop gain" decreases.
Therefore the gain accuracy, distortion, and other char-
acteristics are better on the X10 gain range. Of course,
the feedback divider is the heart of the amplifier as far
as determining the gain characteristics. For this reason,
precision high frequency wire-wound resistors were used.
Long-term stability of the feedback attenuator is shown
in Fig.  3.

Low-Level Precision Measurements

Low distortion, high gain accuracy and high output
levels inherent in a precision amplifier make it possible
to enhance the specifications of many existing instru-
ments. One of the most accurate ac voltage measuring
devices is the indirectly heated thermocouple calibrated
by the National Bureau of Standards. In this technique,
t}:re ac/dc transfer measurement (comparing the ac sig-
nal to be measured with a known dc signal) is a rather
slow and tedious process even if an ac/d,c transfer volt-
meter is used.

A problem associated with this method is the low
input impedance of the thermocouple - about 200 ohms
per volt. This low input impedancc can cause errors
because of loading. By using the -hp- Model 463,4 as a
preamplifier or buffer amplifier with the thermal transfer

* { .  r " i : j i - :  r i i : : " r '  
|ga

alabm 
'g'* ::
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Fig. 2. Fixed gains in the -hp- Model 463A are selected by changing antplifier feedback

characteristics by means ol a precision leedback attenuator. The atlenuator is ntadc up ol

wire-wound r.csi.slors designed Jor good high-frequency characterislics, Iow temperature

coefficient and good long-term stability'

voltmeter, a high input impedance can be achieved. Using

the -hp- Model 463A with an NBS calibrated thermo-

couple in the configuration shown in Fig. 4, ac voltages

from I mV to 10 V may be measured with accuracies

over the frequency range shown in Table 1.

Since a precision amplifier normally has gain, it can

be used in the measurement of signals that are below the

normal minimum operating level of a thermocouple,

that is, below about one-half volt.

Fast, but somewitat less accurate measurements of

low level signals may be made using a precision amplifier

as a preamplifier to extend the range of an ac differential

voltmeter or an ac/dc converter-digital voltmeter com-

bination. For example, using the -hp- Model 463,4.

Precision Amplif ier as a preamplif ier with the -hp-

Model 74lB ac/dc Differential Voltmeter, allows the

Model 7 478 ro be used as low as I .0 mV full scale. Com-

bined accuracy at 1.0 mV is in the neighborhood of

0.17o over its frequency range.

Amplifying Oscil lator Outputs

Since most solid-state oscillators do not have high-

level output signals, an amplifier may be used as a post-

amplifier to achieve high-level outputs. Because of the

Iow distortion of the 463A, using it in this fashion intro-

duces very little distortion. For instance, used with the

203,4 oscillator, an output of 100 V rms with less than

O.O1 7o distortion can be achieved from 0.005 Hz to

10 kHz.
Because of the highJevel output of an amplifier such

as the -hp- Model 463A, it is useful in bridge measure-

ments. The sensitivity requirement on the null detector

is decreased by having up to 100 V rms available.

Since the -hp- Model 463,4. Precision Amplifier is dc

coupled, it can be used with a low frequency oscillator

or function generator to provide power for a servo loop.

TIME (months)

Fig. 3. LonS-term stability ol the lcedback altenualor

varies no more than + I0 ppnt oter a period of one year-
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-hp- 4634
PRECISION AMPLIFIER

htr- 2O3A
FUNCTION GENERATOR

Its low frequency response makes it applicable for am-
plification of very low frequency signals such as in bio-
medical experiments and geophysical measurements.

Calibrating Voltmeters and Attenuators

One method of generating accurate signals for calibra-
tion is shown in Fig. 5. Output A is for low-level signals;
output B is for highJevel signals. If a 1 mV signal
is needed at A, the gain of the amplifier should be set
to 60 dB (x1000) and 1 V measured at the amplifier
output. Since some measuring instruments are degraded
in accuracy at very low levels, it is more desirable to
accurately amplify the unknown and measure it at a
higher level. Accuracy of the output at A is determined
by the accuracy of the measuring instrument plus the
accuracy of the amplifier. Noise generated in the ampli-
fier and any distortion introduced also affect accuracy.

Output B furnishes higher-level signals and is limited
by the output capabilities of the amplifier. The gain accu-
racy of the amplifier is not a factor in the accuracy of this
signal, but noise and distortion is a factor.

The instrument used to measure this calibration volt-
age may take a number of forms. The indirectly heated
thermocouple previously mentioned as a low-level volt-

Table I
Combined Accuracy of -hp- Model 463A

Precision Amplifier and an
NBS Calibrated Thermocouple

-hp- 4194
MICROVOLTIMETER

age measuring device can be used. Another technique
uses an ac differential voltmeter whose accuracy ap-
proaches that of the thermal transfer technique, and is
much more convenient to use. The ac/dc converter used
with a digital voltmeter is probably the most convenient
method.

Accuracy

Low-level signal measurements and precision calibra-
tion voltages are limited in accuracy to the gain accuracy
of the amplifier. Also, the noise and distortion of the
amplifier can affect the measurement accuracy. For small
signal to noise ratios (<1 /lO), it can be shown that the
percent error introduced into average reading and true
rms reading instruments by Gaussian noise is:

Output sine wave
to be measured

DC DIFFERENTIAL
VOLTIV]ETER /DC STANDARD

Reversal
Switch

Output
Box

Fig. 4. Measuring the output ol an oscillator using a precision amplifier
as a bufler with an indirectly-heated thermocouple.

7o Error6ys= zs (-" 
)'

vo rlnor**"= so (r)'
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S P E C I F I C A T I O N S
-hp- Model 4634 Precision Amplifier

FIXED GAIN (DC coup led)
x  10  Range

A c c u r a c y :  D C  t o  1 0  H z ,  <  l 0  0 3 %

1 0  H z  t o  1 0  k H z  < 1 0  0 1 %

l 0  k H z  t o  1 0 0  k F z  < t 0  l %

o C  L i n e a r i t y : : 0 0 1 %

D i s t o r t  o n  ( 1 0 0  V  O u l p u t ,  F ! l  L o a d ) :  l 0  F z  t o  1 0  k H z  ' : 0  0 1 %

1 0  k H z  t o  1 0 0  k H z  < 0  1 %

x 100 nange

Acc l racy :  DC to  10  Hz <  :  0  2%

1 0  H z  t o  2 0  k H z  <  ' 0  1 %

20 kHz 10  100 k {z ,  <  |  1  a%

D C  L i n c a r l t y :  : 0 0 3 %

D i s t o r t i o n  ( 1 0 0  V  O u l p u t  F u l l  L o a d ) :  1 0  H z  t o  l 0  k H z  < 0  0 3 %

10 kHz 10  100 k lz  . . -o  1%

x 1000 Bange

AccLracy :  DC to  10  Hz . : : r  0  3%

t 0 H z r o 2 0 k H z  < ' 0 3 %

2 0  k H z  l o  1 0 0  k H z  . : 1 3  0 %

o C L i n e a r i l y r - 0 1 %
D i s t o i l i o n  ( 1 o o  V  O u l p l l  F l l l  L o a d )  1 0 H 7 t o 1 0 k H z  < - 0 1 %

1 0  k H z  t o  1 0 0  k H z  < 0  5 %

FIXED GAIN (Ac  couPled)

l d e n t c a l  t o  d c  c o u p l e d  e x c e p l  c o u p l i n g  c a p a c i l o r  c a u s e s  a  0 0 1 %  e r r o r  ( 2 5  H z )  t o

a  3-dB e l ro r  (0  3s  Hz)

aDJUSTABLE GAIN (aC or  oC couPled)

ca  n  may be  ad ius ted  f rom 0  to  100% of  the  f i xed  ga in  range

D s lo i l ion  and dc  l inear l ty  charac le r is l i cs  rden l l ca l  w i th  f i xed  ga ln  ranga

INPUT CHARACTERISTICS

I n p u t  l m p e d a n c a :

F i x e d  s a j n : 1  M l  (  . ' 5 9 6 ) ,  . - 3 s  P F
A d l u s t a b l e  g a i n : 5 0  k ! 1 ,  . : 2 0 0  P F

Maxrmum Input  Vo l tage:  Pro tec ted  to  150 vo l ts  AC coup l  ng  capac  to r  :  500 vo l l s

No ise  ( rms 'e fe l red  lo  inPu l ) :

G A  I N
R A N G E
x  1 0
x  1 0 0
x  1 0 0 0

'  W i t h  i n p u t  s h i e l d e d

OUTPUT CHARACTERISTICS

Max im!m Outpu l ;  DCi  l l0  vo l ts ,  20  mA AC;  re le r  to  curve  be low

< 1  K  S O U R C E > I  K  S O U R C E '

1 5 m V  1 5 m V
150 rV 300 rV
50 rV 2OA lY

M a x i m u m  O u l p u l  P o w e r : 5  w a t l s  c o n l l n u o u s

C u . i e n l  L  m i t  ( N o m i n a l ) :  . : 2 0  H 2 , 3 0  m A  p e a k

>20 Hz 90  mA Peak

M i n i m u m  R e s i s l a n c e  A l l  B a n g e s :  1 0 0 ! l

Max imum Capac i tance:  Capac i tance dr ive  capab i l  t v  o t  4634 increased bv  add ng  a

res is to r  in  ser ies  wr th  the  ou lpu t  as  lnd ica ted  be low

x  1 0

x  1 0 0

x  1 0 0 0

OUTPUT IMPEDANCE

G  a l n

x  1 0

x  1 0 0

x 1000

PHASE sHIFT (Fi ted Gain)

G  a l n

r  1 0

S e r i e s  M a x i m u m
Bes is tance Carac i lance

0 300 PF
60011 No L imi r

0  1000 PF
50! l  No L imi l

0  5000 pF
50! l  No L imi l

o u l p u t  l m p e d a n c e  ( O h m s )

Gain

D C  1 o  1 0  k H ,

0 0 5

o 2

2

1 0  k H z  r o  1 0 0  k H z

0 5

2

2 0

o 2r  1 0 0

P h a s e  S h i { t

< 1  k H z  > l  k H z

I
0 1 + 7  f

I

0 2  +  2 0  1 0 \

I

1 0 + 5 0 1 0 !
x 1 0 0 0  1  0

SOUARE wAvE BESPONSE (F ixed Ga in)

x  1 0  4 0  V  p - p ,  0  5  p s  r i s e  t m e

x  1 0 0 : 8 0  V  p - p ,  I  p s  r i s e  t i m e

x  1 0 0 0 : 2 0 0  V  p - p ,  2  / s  r  s e  t  m e

M A N U F A C I U F I N G  D I V I S I O N :  - h p -  L o v e J a n d  D i v i s i o n

P O Box 301

Love land Co lorado 80537

: \ !

\ ' ,
|J \ i \  . " ;
3 \ 3

LOAO CAPABIL ITY

1 9

How the -hp- Modet 4634
Amplifier is Calibrated

One o f  the  p lob lems assoc ia ted  w i th  bu i ld ing  an  ampl i f ie r  w i th  the

racy  w i th  f requency  or  f requef icy  response and the  low d is to r t ion

measurements ,  A  method used to  check  the  bas ic  1  kHz ga in  accuracy

/a) .  uses  an  au to t rans former  o f  the  induc t ive  d iv ider  type  or  decade

t rans former ,  as  they  are  somet imes ca l led  The decade t rans lo rmer

used has  te rmina l  l inear i ty  spec i f ied  a t  i72  ppm a t  1  kHz-  By  ad ius t ing

th is  decade t rans lo rmer  fo r  a  nu l l  read ing  on  the  nu l l  ind ica lo r  ( -hp-

4O3A)  in  con junc t io f l  w i th  the  phase sh i f t  compensators  c f  R1 '  c l  o r

R2,  C2,  lhe  ga in  o f  the  ampl i l ie r  can  be  read accura te ly  f rom the  ra t io

ind ica ted  on  the  decade l rans lo rmer ,
A me'thod used to check the frequency response is shown at fbl

(a )

hp-6518
OSCILLATOR

( b )

Assuming the  ampl i l ie r  has  been ca l ib ra ied  fo r  good ga in  accuracy  a t

1  kHz,  the  res is t i ve  d iv ider  o f  R ] ,  F l2  and R3 can be  ad jus ted  so  lha t

the voltage read at point A and point B is exactly the same at 1 kHz

Th is  i s  read to  0 ,004% reso lu t ion  on  a  7418 D i f fe ren t ia l  Vo l tmeter '  By

us ing  meta l  f i lm res is to rs  Io r  the  res is t i ve  d iv ider  and care  in  cons l ruc t -

ing  the  d iv ider ,  i t s  f requency  response can be  guaranteed to  w i th in

approx imate ly  O 0 l% a t  100 kHz S ince  the  7418 D i f fe ren t ia l  Vo l tmeter

is  check ing  the  same leve l  a t  po in ts  A  and B,  i t s  accuracy  does  no t

en ter  in to  the  measurement  I t s  on ly  tunc t ion  is  to  p rov ide  the  sens i -

l i v i t y  and s tab i l i t y  necessary  to  read in  the  area  o f  0  01  9 / .  e r ro r  There-

fo re ,  a f ie r  the  res is t i ve  d iv ider  has  been se t  a t  1  kHz '  the  osc i l la to r

can be  swept  over  the  f requency  range d f  opera t ion  and the  er ro r  In

ga in  a t  these var ious  f requenc ies  can be  read by  the  d i f fe rence in  the

741 B read ing  a t  po in ts  A  and B
For distortion measuremenls aI 1 kqz (c), a good low distortion oscil-

lator such as the -hp- Model 200CD can be used with a low-pass or

band-pass  f i l te r  to  f i l te r  ou t  the  harmon ics  genera led  w i th in  the  osc i l -

la to r  Th is  p roduces  a  low d is to r l ion  s igna l  fo r  the  input  o f  the  ampl i -

f ie r .  To  measure  ihe  ou tpu t  d is to r t ion ,  the  ou tpu t  s igna l  i s  fed  f i rs t  in to

a  1  kHz no tch  f i l te r  By  u t i l i z ing  th is  no tch  f i l te r  to  re iec t  the  funda-

menta l  s igna l ,  we can increase the  sens i t i v i t y  o f  the  D is to r t ion  Ana lyzer

because o f  the  leve l  o t  the  ou tpu t  s igna l  o t  the  ampl i f ie r  Th is  method

a l lows measurement  o f  d is to r t ion  85  dB down be low the  fundamenta l



vo Error,l*1s=ry 
[(+).,. (+) . (;)'*...]

where L is the ratio of the 3rd harmonic signal to the
e 1

tundamental signal, etc. For instance, if the following
nreasurements were made with a wave analyzer:

Fig. 5. Generating precision hifth and low level calibrutiott
voltages. Irt the photo, a digitul yoltrnetcr is beine u.sed as

tht ,  prccis ior t  t r tcasur i r tg i t rs ! t  i l i l t ( ' t r t .

where o is the rms value of the Gaussian noise and e" is
the rms value of the noiseless signal.

The percent error introduced by distortion in average
reading and true rms instruments (where total harmonic
distortion relative to fundamental is less than lVo) can be
shown to be:

*+(;+*+.-.)'l

Harmonic dB Below
Fundanrental

e , , / c

2

4
5
6
7

60
6
80
70

100
90

0.00r
0.000s
0.000r
0.0003
0.00001
0.00003

the worst possible errors introduced would be:

vo Brrorny(;- 100 [ 
0'0005 

+ 
0'0903 

+ 
0'0q003- - " L  

3  ,  5  i  1
t  

, - o o o o t  t n n n n n , ' . 1+z (0.001 + 0.0001 + 0.00001)!J

-  t  - ,  r  I-  10010.00023r iT (0.00001) l

_ o.o24vo

100 rVo Errorsxls- 7 |  (0.001).  + (0.0005).  + (0.0001)i
- L

+ (0.0003), + (0.00001), + (0.00003)- I

:0 .00006g% 

- ,

As can be seen, there can be an appreciable error in-
troduced into an average reading instrument. Also, it
should be noted that in the case of the average reading
instruments that usually the even harmonic contribution
will be negligible with respect to the odd harmonic con-
tribution.
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