
NEW MOTION PICTURE APPARATUS 

Lluring the Conventions of the Society. symposiums on new motion picture o p .  
paratus are held, i n  which various manufacturers of equipment describe and demon- 
strate their new products and developments. Some of this equipment i s  described 
i n  the following pages; the remainder will be published i n  subsequent issues of the 
Journal. 

SAFEGUARDING THEATER SOUND EQUIPMENT WITH 
MODERN TEST INSTRUMENTS* 

A. GOODMAN, R. J. KOWALSKI. W. F. HARDMAN. AND W. S. STANKO** 

Since the early days of sound motion pictures, thc scrvicc branch o f  the in- 
dustry has kept pace with the various developments and iinprovenients in the 
art .  In 1928 the ficld rnginecr was equipped with a minimum of tools and test 
equipment. In contrast, today hc carries a complctr set of modern service in- 
struments and tools which comprise the following: 

(1 )  Coniplctc technical data on I’hotophonc and cquipiiient o f  ot hcr  iiianu- 

fact urcrs 
Special Wcston analyzcr 
Spccial Weston power lcvel meter 
Socket selector kit 
Tool kit 
Special wri*nchcs 
Spccd counter 
Loud spcakcr adjustrncnt tool 
Standard frequency test-film 
7000 and 9000-cyclc focusing films 
Lateral adjustment film (buzz track) 

Academy dialog and music film 
Universal a-c bridge for measurement of rcsistancr. capacity, and induc- 

Push-pull tcst-fihtl 

Cathode-ray oscillograpli 
Bcat-frequcncy oscillator - -  
Emergency amplifier and spcakcr systcni 

Technical Data.-Each ficld cnginccr maintains a complete filc of Photophone 
equipment bulletins and, in addition, is furnished with up-to-date tcchnical 
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information on all new improvements in the art. Complete data on equipment 
other than Photophone are furnished to him and these data are kept up-to-date, 
so that RCA field engineers can service any type of theater sound reproducing 
systems. 

Analyeer.-The Weston analyzer, together with the power level meter and 
socket selector kit, were made to RCA specifications for application to theater 
sound work. The analyzer incorporates a 20,000-ohm-per-volt meter with scales 
up to lo00 volts. In addition, provision is made for checking any range of cur- 
rent or resistance normally encountered in routine service work. The socket 
selector kit is designed for checking tubes in the amplifying equipment making 
it possible to test under dynamic conditions. 

Power h e 1  Meler.--Since a Ibohm output impedance has been standard on 
Photophone equipment for a number of years, the power level meter is calibrated 
for this impedance and a 12.5-milliwatt reference level. Charts are provided 
from which correction factors can be obtained when the meter is used on cir- 
cuits of different impedance or when other reference levels are necessary. This 
meter is used in conjunction with the standard frequency film or beat-frequency 
oscillator in obtaining overall system frequency response or complete transmission 
runs. 

Tool Kit.-The tool kit contains all the necessary tools for proper installation 
and service operation on the complete equipment. In  addition there are special 
sound-head wrenches and motor alignment tools. A Starrett speed counter is 
included for accurately measuring film speed. 

Frequency Test- Film.-The present frequency test-film has been designed with 
the view toward making it more useful in field work. Accordingly, identical 
tracks are‘recorded on each edge of the film, thereby eliminating the need for re- 
winding after each test. This greatly speeds up the work of taking response 

Thirty-three frequencies are included, from 30 to 10,000 cycles, with the 1000- 
cycle reference at the beginning and end of each track. Additional frequency re- 
cordings are included between 2000 cycles and 3000 cycles to  provide a more 
comprehensive overall response test. The response is held within *0.5 db 
throughout the frequency range. 

Buzz-Truck and XWO-Cycle Film.-For adjustment of film position with respect 
to the sound-head light-beam, each engineer carries a small section of so-called 
buzz-track. The recording consists of two narrow chopper tracks so spaced that 
neither will affect the light-beam if the guide rollers are in proper lateral adjust- 
ment. This test-film has been in use since its development, in 1930. by W. W. 
Jones, now Manager of New York District Service Operations, to whom the 
patent was originally issued. 

On the other edge of the film there is a 9000-cycle recording employed for focus- 
ing the light-beam on the film. The film is used in conjunction with an output 
meter to determine when the beam is correctly focused on the sound-track. 

Push-pull Test-Film.-With the advent of push-pull sound-heads, i t  w a s  
necessary to  provide a tcst-film for adjustment of the optical systems. This 
film consists of a 6-mil “septum” track on one edge for adjusting the division of 
the light-beam and a 300-cycle track on the other edge, for correctly balancing the 
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output of the dual photocell. The 800-cycle portion is also used to  balance thc 
output from each sound-head. 

Theater Sound Test-Reel.-RCA field cngineers are now equipped with thr 
latest theater sound test-reel produced by the Kcsearch Council of the Academy 
of Motion Picture Arts and Sciences. The following description of the film is 
taken from the Academy Technical Bulletin: 

“The reel contains sound and picture. the sound consisting of dialog and music 
recordings so chosen that the asseniblcd reel contains a representative examplc 
of sound as currently recorded by each sound departrncnt. One of these rccord- 
ings is a ‘Hi-Range’ print which serves as a check on the amplifier capacity in 
relation to the volume of the auditorium under considcration. 

F i c .  1. LJniversal Intiuclance, Capacity, and Resistance Bridge. 

“The reel also contains approximately 100 fcct of piano and 12 feet of 3000- 
cycle recordings included for the purpose of furnishing a more critical flutter test. 

“After setting the theater sound reproducing equipment to the Standard 
Electrical Characteristic, the Theater Sound Test-Rccl furnishes a tool by which 
an optimum sctting for prcscnce and intelligibility, comhincd with a natural 
balance between high and low frequencies, may hc obtained for all current 
product and for the individual theater. 

“The use of this reel dcmonstrates the inadvisability of having too much low- 
frequency electrical response which brings out noise-reduction bumps, foot- 
steps and parasitic low-frequency noises present on the set. 

“It might be pointed out that judgment is requircd in the use of the Thcater 
Sound Test-Keel, as the product must be evaluated in tcrms of the material a t  
hand, that is, crowd noises and people talking in loud voices or excited manncrs 
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should not be expected to have the same quality and chest tones which are pres- 
ent in conversational dialog in a quiet, intimate scene. 

“The Research Council and the Committee have always felt that electrical and 
acoustical curves furnish valuable means of setting equipmcnt, but that the final 
criteria should bc critical listening tests of the equipment. For this reason all 
Theater Sound Reproducing Equipment Standards to date have been set up on the 
basis of listening tests correlated with engineering data. 

“One of the purposes of the Standard Electrical Characteristic is to provide a 
basis for an eventual standard recording characteristic. We believe that the 
new Theater Sound Test-Keel dernonstratcs the fact that the recording charac- 

FIC. 2. Cathode-Ray Oscillograph. 

teristics of the various studios are very much closer together than they were a 
year or two ago. 

“The material contained in the reel is not necessarily a sample of the best re- 
cording available but is typical of the average. 

“In an average theater, set to the Standard Electrical Characteristic, the reel 
will play through entirely upon one fader setting (with, of course, the exception 
of the Hi-Range print sequence, for which the fader must be raised 6 db).” 

Universal A-C Bridge.-To enable the field engineer to measure inductance and 
capacity as well as resistance, the RCA universal bridge (Fig. 1) is employed. 
This instrument is invaluable for checking reactors and transformers for shorted 
turns or other trouble, and for accurately determining values of capacitors. The 
measuring ranges are 100 ph to 10h. lOppf to lOpf, and 1 ohm to 1 megohm. For 
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highrr values of rcsistancc, the test analyzer is cniployecl, since this has ranges up 
to 10 megohnis. 

The instrument consists of a varial,lc-ratio-ariii Whcatstonc lxidgc having 
thrcc standards each of  inductance, capacity, and resistance. A vacuum-tube 
1000-cyclc oscillator and a two-stage amplifier, together with thcir power supply, 
make up the major part of the equipment. ’The only additional cquipiiicnt re- 
quired is a “null” indicator, for which thc powrr lcvcl rtietcr is rntployed. Powcr 
is obtained from any 110 to  120-volt, 25 to (i0-cycle sourcc. The coniplcte 
instrument weighs only (i pounds. 

Cathode-Kay 0sczllograph.-Anotlicr clevicc which lins Iwen in general use for 
over thrcc years and has proved extrcmcly useful in tlicatcr service, is thc cathodc- 
ray oscillograph (Fig. 2). This instrument is prol~ably the most versat ilc dcvicr 
yet dcveloped for the study of radio and audio-frcqucmcy phcnoiiiena. 

FIG. 3. Portal,lc Beat-I~rcquency Oscillator. 

By means of the oscillograph the ficld engineer ran quickly localize sources of 
hum in the sound systcnis and check hum patterns, determine where distortion is 
introduced. chcck phasing of nrtworks, and perform ttiany other routine checks 
which up to a few years ago wcre inipossible to do. This instrument weighs 21 
pounds complete and is entirely self-containrd, requiring only a source of a-c 
powcr supply. 

Bail-Frequency O.scillrlor.-For quickly checking the audio-frequency re- 
sponse and power output of a theater sound system, the RCA portable beat- 
Irequcncy oscillator (Fig. 3) is provided. ’This instrument is extremely rugged. 
weighs only 16 pounds, and is remarkably stable for its size. The hum lrvcl is 
00 d b  below maximum output. 

Besides its usc in rhccking audio amplifiers, it is also extremely valual)le for 
dctcrtnining source of buzzrs, rat tlcs, efc., in stage surroundings arid auditoririiit 
fixtures. I t  is also used as a routine check on thc loud speaker systrms to I)c 
sure that  the unitsarcfree from distortion. 
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Emergency Amplifier System.-In thc lattcr part of 1936, KCA introduced to 
exhibitors a complctc portable emergency sound system, so designed that it 
would be possible to kecp the show running if every piecc of cquipment werc 
down cxcept onc sound-head and projector (Fig. 4). This systcni proved so 
valuable that more than 150 are now located in theaters throughout the country. 
and bcsides this nearly every RCA field engineer carrics one as standard equip- 
ment. 

Thc most reccnt design incorporates many improvements for greater easc and 
simplicity in operation. The amplificr and all controls are housed in a small 
metal cabinet, with all nccessary cahles for making connections to sound-hcads 
and stage lines. Sufficient audio power is available to  carry even the largcst 
theater, and connections can be made to any type of sound equipment regardless 
of manufacture. 

FIG. 5. Audio Curve Tracer. simplified circuit. 

SPECIAL EQUIPMENT 

While the various pieces of standard equipment already described are usually 
adequate for routine service work, quite often problems arise which require 
specializcd tcst equiprncnt. RCA is continually a t  work developing new test 
cquipment to handle these problcms. as well as new cquipment and methods to 
simplify and spccd up routine tests. 

Audio Curve Trucer.-One of the recently developed instruments in this classi- 
fication is the audio curve tracer. This is a portable device which traces an am- 
plifier response curve automatically on the screen of a cathode-ray tube. By 
using a tube with a long-persistence scrcen, such as the RCA-910, the image is 
rctained long enough for it to be studied, photographed, or a second curve super- 
imposed on it for comparison. With this instrument it is possiblc to run an 
accurate frequency response curve in approximately thirty seconds. 
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Pig. 5 is a schematic drawing showing the operation of the instrument. Thc 
output of a beat-frequency oscillator is fed both into the ”horizontal control” 
potcntiotiietcr R-1 and into the input of the amplifier under test. The voltagc 
dcvclopcd across R-1 is fed through a resistor-capacitor network to ground. The 
characteristics of this network arc such that with a constant voltage E-f impressed 
across the network, the voltagc developed across K - 6  varies directly as the loga- 
rithm of the frrquency iniprcssed. Thc 
voltage E-6 is impressed across a diode section of the KCA-61I6 tube and is recti- 
fied. The rectilicd voltage causcs current to flow through resistor R-7 producing 
a negative bias voltage at the grid of the RCA-57 d-c amplifier tube. Thr  greater 
thc voltage R6 bccomrs the more negative the bias on the RCA-57 becomes. 
The platc supply voltage to the d-c amplifier is 450 volts. The actual voltage a t  

This is shown in the small curve above. 

FIG. 0 .  Ovcrall schematic diagram of complete Audio Curvc Tracer. 

the plate of this tube is equal to this voltage minus the voltagc drop in the plate 
resistor K - 8  caused by the flow of platc current. Hence, as  the platc current is 
reduced the drop across thr plate rcsistor is reduced and the voltage a t  the plate 
of the tube becornes higher The platc voltage is applied directly to one of the 
horizontal deflection plates of the cathode-ray tube. The opposite deflection 
plate is a t  some potential abovc ground which is determined by thc setting of the 
centering control potentiomcter R-3.  

When the beat-frcquency oscillator is set at a low frequency the voltage E6 is 
low Hence the current through K-7 is small and therefore thc value of negative 
hias is sinall. This causes a largc platc current to  flow in the RCA-57 and reduces 
the voltage at the plate of thc tulw because of the large drop in thc platc resistor. 
This reduces the voltage applied t o  the right deflection platc below that at which 
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tho left is set cansing the brain to I)c dcflccted t o  the left ( that  is, toward the more 
positive plate). 

When thc frequency of thc oscillator is raisctl the voltage Eli gocs up, morc 
currcnt passes through R-7 producirig a higher bias voltage. thc platc currrnt 
of thc RCA-57 is reduced, and thc drop across R-X is very sinall, leaving the volt- 
age a t  thc platr o f  tlir tube and consrqucntly at the right tlrflcction platr higher 
than the voltage of thc left dcflcction plate. [Jndcr this condition the negative 
brain of electrons is dcflcctcd toward tlic riglit plate which is now thc  niorc posi- 
tive. 

Thus by rnrrcly tuning the lx~nt-frcqucury oscillator lhrougli its frcqucnry 

FIG. 7. Audio Curve Tracer. 

rangc the elcctron bcani is ruovecl across the hcrccn horizontally with a displace- 
nirnt  which is always proportional to the logarittiin of thc frequency impressed. 

Thc output o f  the amplifier is fcd through thr  “vertical control” potcntionie- 
tcr K - 2  to ground. A portion of the output voltagr is rcctificd by the srcond 
diodc in the KCA-GIIG, amplified by a d-c amplifier identical to the onc already 
dcscribcd and  applied to the vertical deflection platcs. By analysis similar to that 
for the horizontal dcflcction circuits, it is evident that a n  increase in aniplificr 
output will cause an upward deflection of the beam. 

l‘hus. for any  given frequcncy at which the oscillator may be set, the frcqucncy 
determines the horizontal position of the spot, and thc output level of the ampli- 
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ficr detcrmincs the vcrtical position of the spot. Thcrcforc, if the oscillator is 
swept through its frcqucncy rangc the spot will tracc a rcsponse curve of thc 
aniplificr under test. Vig. (i shows the overall schematic diagram of thc complete 
audio curve tracer. 

In addition to the beat-frequency oscillator as a source of signal, a continu- 
ously variablc frequency test-film is availablc which can be run through the sound- 
head to produce an overall response curve of the cornplete sound systcm. 

The “film-oscillator” switch 01 the input of the horizontal amplifier connects 
cithcr of two high-frcqucncy boosters in the circuit. In the “oscillator” position 
a slight risc is added to make up for the reduction in output of thc oscillator a t  
the high frequcncics. A niorc pronounced rise is provided in thc “filni” position 
to compensate for the optical losses in the sound-hcad a t  the high-frequcncy end. 

A n  additional control, thc “30-cycle adjustrnent,” has bccn added so that thc 

FIG. 8. I‘luttcr Indicator. 

voltage drop at  thc plate of the horizontal d-c aniplificr can be lowcred inde- 
pendently of the voltage a t  the vcrtical d-c amplifier, making it possible to inovc 
the spot hori~ontally without affecting its vcrtical position. 

Fig. 7 is a picture of the audio curve tracer. ‘I’his is houscd in a carrying case 
similar to that of the three-inch oscillograph. The front panel contains the 
“focus” and “intcnsity” controls, the “horizontal” and “vcrtical” inputs, the 
“horizontal gain” and thc “vcrtical gain” controls, the “horizontal amplifier 
gain” control and the ”film-oscillator” compensation switch. The “centcring 
control” and the “30-cycle adjustinent” control are screw-driver adjustment con- 
trols on the sidc of the case. 

Fluller 2ndicafor.- Early in 1933 RCA introduced the rotary stabilizer sound- 
head, which revolutionized sound reproduction by minimizing to a large extent 
the flutter which was characteristic of the earlier types of sound-heads. How- 



April, 1!),40] NRW MOTION PICTURIC APPARATUS 410 

ever. sincc there arc still thousands of oldrr rquipinents in usc which are subject to 
flutter t rou lk ,  RCA has available a I’luttcr Indicator which will aid the scrvice 
cnginccr in making adjustments to reducc flutter to a niininiurn (Fig. 8 ) .  

Flutter is actually frcqucncy modulation of the rcprotluced tone caused by 
irregular niolion of the film past thc scanning beam; hcricc any one of several 
frequency-discriminating circuits may be used to detect thrsc irrcgirlaritics. 

In the past few years, several different types of flutter-rilcasuring devices havc 
been built. Most of thcsc erriploy circuits which iirr quitc sitnilar to those used 
in automatic frcqucncy-control circuits uscd in  Ilroadcast receivers, or frequency- 
dcviation meters used in transmitting stations. Whilr thrsc instrumcnts arc 
extremely accurate, they require the usc of one or tnorc vacuurn-tubes together 
with associated power supply circuits. This rcdncrs the portaldity and hcnce 
makcs the units unsuitable for ficbld work. 

The discriminating nrtwork uscd in this instrument is merely the familiar 
Wheatstonc Ilridgc uscd as a n  irnpcdance bridge with reactive irnpctlanccs in two 
of thc legs. The constants havr Iiccn choscn so that when a 3000-cycle signal is 
fed into the network it can l>c balanced, and a mctcr placed acrnss the nctwork 
will rcad zero. If the frequency of thc input signal varics alwvc and I~clow 3000 
cycles, the network will I~ccorrie un1)al;~ncctl by air arnount that  is proportional 
to the variation and thr mctcr will show a corrc.sponding drflcction. 

A specially rccordcd :1OOO-cyclc film with low fluttcr contcnt is run through the 
sound-head under test and thc flutter indicator is connccted to thz output of 
the systcni aniplifier. Any vari:it ions in output can I)? inc.asurct1 tlirc.ctly on th r  
rncter. 

Thc input transfortncr has sevcrnl impcdancc taps, so this iustrumcnt can 
propcrly terrninat e the system atnplilier without t lie use of additional load rc- 
sistors. An input control provides vrrnicr adjustriicnt o f  t he input Irvcl to thr  
mcasuring network. The “read-cali1,ratc” switch allows thr invtcr to lw usctl 
for calibrating tlic input to thc rncasuring network or for rcxtling the  flutter 
voltage dcvclopcd across the output of thc network. Two rangc’s o f  sensitivity 
arc niadc available through thc usc of the range scIcct(ir switch. ‘l‘lirsc r:ingcs 
are 0.5 per cent full scale or 2 per cent full scalc. Kcsistarice and capacity I~alancc 
controls allow the resonancc frcqncncy of 1 he iiwasuring nct work to be shiftcd 
slightly to conipcnsatc for slight variations in speed betwccn various sound- 
hcads. The mcter is a 5000-ohm rcctox type voliimc indicator with a scale that is 
hand-calihratcd directly in per cent flutter. 

l3y using this instrument as a guide in adjusting thc tension in the sound-gates 
of older types of sound-heads, it has Ixcn possillle to rctluce the flutter froin as 
much as 2 per cent to as littlc as 0.3 per cent. 

Scanning Illurninnlion Tes t - l ’mck:~  Anothcr new tool, which is availahlc 
through the Academy of Motion Picture Arts and Scicnccs, to give the field 
engineer a bcttcr check on the opcration of the theater sound systcm is thc scan- 
ning illumination test-track. 

This film is made up  of seventeen consccutivc sound-tracks, each o f  which is 
displaccd a different distance from thc guided edge of thc film. ’l’hc individual 
tracks are unilateral tracks approximately 7 mils in width arid niodulatcd ap- 
proximately 100 per cent at 1000 cycles. The distance bctwccn thc ccnterlines o f  
the consecutive tracks is 6 mils, allowing a slight overlap from one track to thc 
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othcr. The centerline of the first track occurs a t  approxiniately 197 mils from 
the edge of the film and thc centerline of the last track 292 mils from the edge of 
the film, and the total track width is approximately 110 mils. Each track 
announces itsclf by number a t  the start, and the length of steady-state condi- 
tion is 10 feet with 2 feet allowed for moving from onc track to  the next and 1 
foot allowed for thc announcement. This makes a total of 1 3  feet for each of 
seventeen sections. 

FIG. 9. Sound-Lcvcl Mcter. 

A single running of this film provides the following information: 
( I )  
(2 )  
(3)  

The lcrigth of the slit 
Thc uniformity of illumination across the slit 
The approximate amount of wcave in the machine 

As an example of thc information obtained from running this film, it was run 
through an older type equipment and the following facts were established: The 
effective length of the slit was approximately 73 mils; the illumination across the 
slit was uniform within * I  db; and the weave in the machine was approxi- 
mately 6 mils. 

Sound-Leuel Mefer.-Whilr listcning tests in theaters are final criteria for good 
sound reproduction, very often acoustic response readings taken in the auditorium 
will indicate where changes arc nrcrssary to  improve quality. RCA has employed 
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the General Radio 7.59-A sound level meter (Fig. 9) for this purpose since the 
early part of 1937. In  addition, it is extremcly useful for checking noise levels in 
projection rooms and the theater proper, for checking extraneous noise produced 
by fans in air-conditioning systcms, and the effectiveness of vibration insulation of 
power cquiprnent. 

Vor checking acoustic response of speaker systems, a warble-tone frequency 
reel is eniploycd as a source of signal, to reduce as much as possible the effccts of 
utanding waves in thc theater. The microphonc is set up at various points 
throughout the theater, and thcn readings arc taken from 30 cycles to 9400 cycles 
a t  cach station. ‘l%c plotted curves so obtained indicate approxiniately thc 
acoustic rcsponse in various sections of thc theater, and this can usually be con- 
tirmrd by listening tests. 

On the hasis of the acoustic rcsponse so obtained, adjustments can be made 
for propcr sound quality from the speaker system. This procedure has been 
used in numerous theaters and thc results as compared to listcnirig tests were 
wry gratifying. 

FIG. 10. Vibration Pick-Up. 

l‘his device is also very valuable in checking the sound distribution throughout 
Response curves run a t  several points quickly show up any 

The speakers can be accurately anglcd on the basis of such readings 
the auditorium. 
deficicncics. 
to give the optimurii sound distribution. 

ASSOCIATED EQUIPMENT 

Other tcst instruinrnts have been dcveloped by various branches of RCA for 
spccific applications. These are oftcn used for theater work in routine service 
or solving special problems. One o f  thcse is the RCA vibration pick-up (Fig. 10). 

Vibrafion Pick- Up.--This unit, with its associated equipment, is vcry useful 
in locating dcfective gears, bcarings, or other moving parts. Such defects usually 
show up as “knocks” occurring a t  rcgular intervals, or as vibrations a t  an audio 
frequency. If the approximate location and the frequency of the “vibration” 
can be determined, the exact location of the defect is rather easy to find. 
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The output of this vibration pick-up is fed into an amplifier and in turn to the 
vertical plates of a cathode-ray oscillograph. A prod is provided on the vibra- 
tion pick-up for prodding around the sound-head until the approximate source 
of the vibration is located, as indicated by a maximum deflection on the oscillo- 
graph screen. 

If the frequency of this vibration or knock is known the problem is still further 
simplified. The frequency can be determined by using the cathode-ray oscillo- 
graph externally synchronized by a n  audio beat-frequency oscillator or an RCA 
synchronizing generator. 

VIG. 1 1. Llltrasensitive D-C Mete1 

If the synchronizing generator is used, it is coupled to the projector crank 
shaft or to a sound-head sprocket shaft. I t  generates a synchronizing voltage a t  
intervals which are directly related to the rpm of the shaft. The synchronizer 
also provides a movable marker voltage which can be impressed on the signal 
under observation and gives a means of marking the oscillograph trace with 
respect to the angular position of the shaft. 

Knowing the rpm of the motor and sound-head sprockets, the problem is still 
further reduced and can be solved by associating the frequency of knock or 
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vibration with the rpm of the moving parts in the vicinity of the source of vibra- 
tion. 

Ultrasensitive D-C Mekr.-Another instrument developed by RCA for use in 
laboratories and handling special field measurements is the ultrasensitive d-c 
meter (Fig. 11). This is a ruggedly built, portable precision device, for measur- 
ing small values of current and voltage, and a wide range of resistance. 

Current measurements as low as 0.02 microampere and up to  10,OOO micro- 
amperes can be made over twelve different scale ranges. D-c voltage measure- 
ments from 0.1 volt to 500 volts over eight scale ranges can be made. Resistance 
values from 0.1 megohm up to 200,000 megohms can be checked with this instru- 
ment. 

The instrument consists of a multiplicity of input circuits, a three-stage d-c 
feedback amplifier, and a meter circuit. The amplifier is so designed that the 
meter can not burn out or even deviate in calibration through overload unless the 
sensitivity push-button is held down. 

The sensitivity of the instrument approaches that of the average reflecting 
galvanometer. The overall accuracy for all ranges of current or voltage measure- 
ments is *2 per cent of full scale at ambient temperatures of M)" to 100°F and 
normal humidity. For resistance measurements the maximum deflection error 
is *0.1 inch a t  mid-scale and approaches zero at ends of the scale. 

The instrument is particularly useful in theater sound work for measuring 
photocell currents, leakage currents between tube electrodes, and between cir- 
cuit elements. The unusually high input resistance, five megohms or better, on 
all ranges of the voltmeter circuit enables accurate measurement of d-c voltages 
across high-impedance circuits such as those existing between tube electrodes or 
across circuit elements such as bias-resistors. 


