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MODEL 546
OPERATING DATA

i

INTRODUCT ICN

The SUPREME Model 546 is a complete oscilloscone incorporating a three-inch
cathode-ray scops, vertical and horizontal amplifiers and a linear time bass cor
sweep generator. This unit is essentially a super-scnsitive voltmeter ocapable of
indicating in two dimersions, nemely, amplitude and time., This bhighly desirsble
feature makss it one of the wost versatile instrurents aver presented to the radio
and slectronic industry. It has an extremely wide range of utility, reaching into
f4alds which are not directly essnciated with the electrical industry. Thus, an
oscilloscone of this type has such innumerable possibilities of utilization that
its aprlications ocan hardly be confined to this small book.

The score section of the SUFRENE Model 546 is desipgned sround a three-inch
cat ode-ray tyne of the hish vacuum tube with medium persistarce screen., The de-
fleoting plate terminals and imape positioning controls are brouzht out to the
front ranel for easy accessabilitr. 4 rower suprly of high repuletion provides
the necessary anode and control veltapes of the rrover maznituds and guelity.

The vertical amplifier is of svecial desipn rroviding waxinvm nain with a
wide range frequency respcuse characteristie. The heorizontal anylifier is so
regulated as to amplify *the internal or external sweep voltage with a minimum
amount of distortion.

The internal sweep genserator is of the thyratron gassous-discharge type rro-
ducing voltage impulses from aprroximetely 15 to 30il sycles nr second. Provisions
are also incorporated for autometically switching from internil to axternal swesp
without removing any connectin~ cables from the instrument. A special synchroni-
zation circuit is provided for stabilizing the sweep generaser and holding the
pattern stationary uron the screen of the catiodo=ray tube

DESCRIFTION OF PANEL AND COMPQU 5 °$

—

PANEL:
Black "Cro-srt" finish - Size 11-1/2 x 7-1/4 inches.

CATHODE RAY TUBE: .
Upper center of panel - Three inch diameter, high vacugm, medium pers istance
type soreen.

ROTARY COKRTROLS:
Upper left and right side of nanel - BEquirped with hexg gon knobs and lebeled
"TNTENSITY" off-on power switech and "FOCUS"., For adjus#ing the brilliance
and definition of the imege as shown on the screen of t1e cathode-ray tuba.

ROTARY CONTROLS:
Uprer left and right of panel - Equivped with hexagon kmyobs and lubeled

"YERT, POSITION" and “HOR. FOSITIOH". For eentering spet or imege of the
cathode~ray tube.,

ROTARY CONTROL: R o
Left edge of panel - zguipped with bar pointer knob awi1'ﬂkﬁlﬁu VLRT. G%Iz .
%0.100" soale: Gain control for vertical amnlifier. ‘CFW™: amplifier off
and "V-PLATE" terminal connected to vertiaul plata,



ROTARY CONTROLS$
Right edge of panel = Equipped with bar pointsr knob and labsled "HCR. GAIN",
"0 - 100" scelet Gain Control for horizontal amplifier. "CFF": Amplifier
off and "H~PLATE" terminal connected to horizontal plate,

ROTARY CONTROL:
Center of panel = labeled "SYNC.CONTROL" =~ Equipred with bar rointer knob,
For adjusting amplitude of synchronizing voltage, stabilizing the image on
the screen of the Cathodeeray tube,

ROTARY CONTROLS
Center of panel = ILabeled "FINE FREQ." = Equipped with bar pointer %nobe For
vernier adjustment of sawstooth generator.

ROTARY CCNTROL:
Center of panel = ILabseled "SWEEP FREQ." = Equipped with bar pointer knobs

Range selector for sew-tooth generator. Rough frequenoy seleotion e«
15/65/230/950/3)/101/30M oycles,

PIN JACKES$ "
Four terminals at .ower reft of psnel = Labeled "EXT.571," input for external
synchronizing ve'“e50: “"VER" input for voltage under observations "GID" re-
turn for "VER" aac "MID.SYNL"e M"VePLATE" for connection to vertical defllect=
ing plates,

PI JACKS$
Four terminals st Jower right of panel = Labeled "GED","HOR" and "GHD",
input for standard or external sweap; ".PLETE" for uﬂnnect1ﬂn to horizontal
deflecting platese

TOGGLE SWITCH
Lower left side of panel = Labelsd "EXT.SYN", « INT.SYN", Automatic oone
neotor for external or internal synohronizing voltare,

TOGGLE SWITCHS
Lower ripht side of nanel « Labeled "EXT . SWEEP" « "INT ,SWEEP", Automatic
sonnector for horizontal sween voltage.

MODEL NUMBER$
5453« Printed in upper right hand corner of panal.

SERIAL NUMBER:
Number stamped in extreme upper center of ransl.

PLEASE MENTION MODEL AND SERIAL NUMBERS IN ALL CORRESPONDENCE

PRELIMINARY INSTALLATION A#D ADJUSTMENT

1 - Turn all rotary controls to the sxtreme counter=clookwise position and throw
the teggle switches to the down position,

2 ~ Comneoet the power suprly plug to a convenient a-o outlet , pbserving the frew
quenoy and voltage as given on the first page under "ELZCTRICAL SPECIFICATIONS,

3. = Advance all rotary controls including the bar pointer knobs to apgrnximataly
onevhelf normal rotation in a clookwise direotions Regulate the 'INTENSITY"
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control until a sreen il ourescence arpears on thé screer ol the cathods-ray
tube. 4&djust the "VERT. FOSITION" and "HOR., POSITIQ!" controls until the
f1ourescerit image is centered. Re-adjust the "FOCUS" and "INTISITY" con-
trols for a well defined horizontal line. Precaution must be taken not to
burn the screen of the “ube; therefore, the "TITINSITY" control must be kerst
as low as possible and yet maintain a clearly visible 1mage.

GE’ wRAL Op TILW

((AVEFORM OBSERVATION US IIG ViRTICAL AMPLIFI RS

With 2ll controls set atapproximately 50% rotation as given in the sectioen
"PRELIMINARY ADJUSTMINT" apply an A-C voltage to the "VER" and GED" terminals
located in the extreme lower left hand corner. (If the resulting deflection freom
this test voltage does not vrovide the proyper vertical amrlitude for clear ohserva-
tion, advance the control if it is below normal and decresse the rotatlon if it
sxceeds the limits of the screen.) To adjust for mere thar one wave, turn the
"aUERE FREG." control in the counter-clockwise direction until the desired number
of cycles avrear. Lor more accurate adjustment the "FINE FRAEC." control acts as
e vernier to the "SWEEP FRELl." control. Should the pattern fail to stand still,
advarce the "SYNC. COLTECL" in 4he cloclkwise directicn just cnough to stabllize
the pattern. Over=-synchronization may result in a distorted fipura.

/AVEFORM OBSERVATION WITHOUT VSRTICAL AIFPLINILER

Frequensies which are out of the amplifier range regquire provisions for con-
necting more directly to the deflecting plates. The vertical plzte is accessible
from the panel by ataohing a lead to the "V-FLATE™ and "GND' terminals with the
"UIRT. GATY" in the extreme counter-cloclkwise or "OFF" resition. The applled
voltare should not exceed 50U volts (real).

HORIZ(NTAL DEFL5CTING SYST

The "HOR. GAIN"™ orerates in the same ranner as the "ViRT. GAIN" and eontrols
+he horizontal deflection caused by the cutrut of the internsl amnliiier.

with the "EXT.-INT. SVLEF" in "I'T. ST BEP" positicn a SﬂWhtDDth reltare 1s
automatically applied to the horizontal amplifier inpubt. With this topgle switeh
in "IXT. SWEEP" position, the operation is exsctly the same as tne vertical section
usin, the amplifier excenpt that the deflecilion will ba on a horizontal prlane. “hen
the "EOR . uﬁl"" is in the "OFF" position the horizontal deflecting plate is access-
ible from the panel by connecting to Uhe "H-PLATE" and "GWD" terminals. The apnlied
voltage should not exoeed 500 volts (neak).

TEIMITE ¢ AXIS

T™e "SUEEP FREL."™ is t'e main control for the interral saw=tooth oscillator
with the "FINE FRERQ."™ acting as a vernier. The lower limit of the sow-tooth
oscillator 15 aprroxim tely 15 cycles with the "ewREFE FRE0." set at 15 and the
"ETUE FREQ." 2t O. The next position will be arvroximately 85 ovcles, 250, etc.,
if th@ "FTHE FRIL." control remains a% O. Values between the division marks of
the "SWiiiP FREQ." may be obtained by rotating the "FINE FRIQ." between O and 100.
If more than one cycle anrears uron the screen of the +tube it meesns that the hor-
izontal timing axis has a frequency bslow that of the test voltage. Then the
timing exis evceeds the frequency of the “est voltare, a series of crossed waves
or nart cyvcles will be noted.
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INTARNAL SYNCHRO? IZAT ION

The "SYNC. CGNTROL" is looated direotly above the "FINE FREQ." control and is |
used to stabilize or lock the pattern upon the screens. This control works in con=
junction with the "ViRT. GAIN” and should be advanced just a sufficient amount to
stop the imagee Overesynchronization results in a distorted pattern and oonse-
quently should be avoided,

EXTERIVAL SYTCHROWIZAT IOX

"hen the "EXT, INT. SYN" toggle switoh is in the down position, a part of the
vertical amplifiser output voltage is connected to the control grid of the thyratr on
saw=tooth genorators Then in the "EXT. SYN" p osition, the "EXT. SYN" terminal is
oonneoted to the control grid and external synchronization voltage may be applied
to stabilize the patterns

APPLICAT ION

The following notes list a few of the more popular applloations of the cathode
ray oscilloscore, For mere information on the theory and uses of this equipment
it is suggested that the operator consult any of the large number of publiocations
on this subjecte Data of this nature may be obtained from leading publishing
houses, book stores, rublic libraries as well as poriodicals sponsered by Radio
Engineering Assooiations and those found on newsstands,

WAVEFORM OBSERVATION USING AMPLIFIZES AND LINZSAR SWEEP

This is perhaps the most popular application of the oscilloscopse sinoe test
signa 1s are usually of very low magnitude and consequently will require the use
of the vertical amp lifier. Furthermore, the use of a linear sweep produces a
mush more simple pattern to analyze than would a complex time bases

The instrument is set up in the same manner as given in the GENERAL OPERAT ION
sestion "WAVEFORM OBSERVATION USING VERTICAL AMPLIFIER", The voltage under test
should be applied to the "VER" and "GND" terminals and the "VERT., GAIN" control
regulated for a pattern of approximately one inch amplitudee ™"With the "EXT-INT"
togrle switoh in "INT" position, adjust the "LOR. GAIN" for a pattern of about
two inches in lengthe If the figure on the sorosen resembles a large number of
vertioal lines, rotate the "SWEEP FREQ." selector clockwise which inersases the
frequemsy of the time base (see "TIMING AXIS" under GENERAL OPZRATION ). ¥hen the
frequency of the test voltage is equal to the rate of the linear sweep one wave
will appear (Fige l)e To obtain a single wave it may be necessary to adjust the
"RINE FREQ." control which acts as a vernier to the "SWEEP FREQ." control or range
seleotors To "look" or stebilize the figure, advance the "SYN. COUTROL" just
enough to stop the figure from moving. Te obtain more than one wave, rotate the
"SWEEP FREQ." oontrol counter=clockwise or reduce the sweep frequenocy., The number
of waves will be equal to the ratio of the test frequenoy to the rate of sweepe
hen the sweep rate is higher than the frequency of the test voltage, the pattern
will look like a series of cross marks (Fig. 2). In this case it will be ned=

essary to turn the "SWEEP FREQ." counter-clockwise,

WAVEFORM OBSERVATION USING AMPLIFIERS AND EXTERNAL S™WEEF

For cheoking frequency and produsing special patterns, an external time base
is frequently employedes Lissajou figures, alignment ocurves, incremental pormeabil~
ity and tube characteristio ourves use this arrangement., :

. In this oase, the sweep voltape is applied to the "HOR" and "GND" terminals
-~ and the "EXT=INT, SWEEP" is thrown to the "EXT." positicn. The "SWREP FREQ." oon-
tral is plecad in the "QOFF" nosition, The operation is the sams as desoribed
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previomsly gxoept the rate of sweep is now controlled by the apraratus eennected
to the hortzontal iaputl,

Ligsaious figures will result when the waveform of the sweop is similar to
that of the test voltage. If the voltages applied to the horizontal and verticel
inputs are sinusoidal and of the same frequency, but 90 degrees out of phase, an
alliptical figure appears on the screen (Fig 3-.C)., If one of the frequencies 1is
twice the value of the other, a ficure "8" will indieate the ratio (Fig. 3-H). If
o vertical and horizontal line =re dravmn tangent to the figure "8", it will touch
it in two points on one side and one point on the other. This indicates a fre-
quenoy ratic of 1:2. If one of the tangent lines had touched the figure in ©
points and the other 1in 2 points (Fig. 4) on the other side, ths ratio would be
9:2. Thus, if the sweep voltage frequency was 60 cyclas, Fig. 3-C indioates &0
cycles for the frequenoy of the test voltage. In Fig., 3-H the test voltage fre-
quenocy would be one-half of 60 or 30 cycles. In Fig. 4 the result would be ob-
tained by multiplying 60 times 9 and dividing by 2, making the vartiaal frequency
270 cycles. An orientation of the figure by YU degrees wovlkd reprusent a recinro-
cal ratio.

PJRCENE%GE_OF MODULLATION MoASURELENTS

—

Although modulstion measursments can be rade by using the internal sweep of
the instrument (Fiz. 5), the mwest popular me+thod is to use tae modulation voltage
as +the time base. The letter method will produce trapezeidal patterns illustrated
in Figures 6, 7, 8, 9, 10 and 11. To produce these patterns connsct the vertical
input of the scone to the cutput of the modulstad L,F. tank circuit by means of a
pick=-up coil., Then fend the cutput of the modulator (A.F.) %o the horizontal in-
put. The degree of wodulation (m) is equal to the difference of the vertical side
of the trapezoid figure divided by thelr sum. For rercentage of modulution, multi-
ply m by 100, The voltsge and frecuency l1imit for this set-up is 500 volts peal
snd 100 ke., resmeotively. For f'requencies higher than 100 ko. make the con-
nections to the deflscting plates. Applicztions without the amplifiers will be
e:plained further on.

ALIGNMENT OF RADIO RECEIVERS

S TR i B SR

By using a frequency modul-ted signal on the input of a radio frequenocy
amplifier and conneoting the vertical inrut of the score %o the outvut of the
last detector, the frequency charastoeristic of the ftuned circult o circuits ean
he obsarved. I1f the internal swesp is used, it wlll be neoessary to apply =&
synehronization voltage to the "EXT. SYU" and "GiD" terminals. dven then some-
times the figure is unsteady and thus it 1s nrafar.blé to use a special external
sweap. This is usually provided on {frejuency rodulated generators and is applied
directly to the horizontal amplifier input. If 4hs +tirme base emrloyed has a fre-
quency equal to the rate ol Trequensy moduletion, a single curve will result. If
the retio 1:2 with the time base frequency edqual to one~half of %he frsauency mod-
ulating rate, the pattern will be a double traca. Some of these curves are illus-
trated in PFigures 13, 14, and lo.

WAVEFCORM OBEEEFQEIGN'WITHOUT ANPLIFILRS

It is oftern desirable to observe voltages which have frequencies out of the
lirits of the emnlifiers. Provisions are incorporsted on this instrument for sush
ccoasions. To connect the test veltags to the vortiosl plates ol the tubes without
coing through the amrplifiers, turn the "YEKRT . GATN™ control to "CEF" and annly the
voltage to "V-PLATE" terminal. To apply a veltapge to the horizontal deflecting
plates, turn "HOR, GAIN" to "OFF" and use the "HoPLATE" terminals. YWhen the ocon-
trols are in these respechtive positions, the irvuhk tarminsls amre gonnacted o the
deflecting plates. )

546 - 9
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With this set-up all of the above appliocations can be made; however, the applied
voltages will have to be sonsiderably higher. Off-soreen defleetion will ooour in
the vieinity of 60 volts and thus potentials of higher values should be reduced

by external means. In addition to Lissajous figures, phase measurements may be
made at the same time by referring to the Figures 3-A, B, C, eto., When the two
voltages are in phase, a line 45 degrees slanting from left to right will indicate
the 0 degrees phase displacement. 180 degrees will be represented by a 45 degree
line from right to left. In between these two extremities various elliptical forms
will appear with a oircle representing a 90 degree phasa angle.

REFERENCES ON THEORY AND APPLICATION OF THE OSCILLOGRATH

Frederiok E. Terman - Measurements in Radio Engineering
MoGraw=Hill Book Compeny
New York City

R. A. Watson-Watt - The Cathode-ray Oscillograph in Radio Ressaroh
His Majesty's Stationery Offiose
London, England

John F. Rider - The Cathode-ray Tube at Work
John F. Rider, Publisher
New York Vity

SERVICE AND MAINTENANCE

If for any reason the lodel 546 should fail to funetion properly, the follow-
ing notes ‘list information which may aid in loocating the trouble,

CIRCUITS

There are six principal sections of the Model 546: namely, cathode-ray soope,
power supply for scope, vertical amplifier, horizontal amplifier, low voltage power
supply for amplifiers and internal sweep oscillator. Referring to the circuit
diagram, the type B0 reotifier tube with filaments A-A have 350 volts applied %o
each plate. The common negative return for this seotion (low voltage power supply)
is the ohassis and the filament ocenter tap is the positive output which conneots to
Li. This supplies the voltage divider R,, Rz; R, and Ry which distributes the opw
srating potentials to the amplifiers and sweep generator tubes. The type 8C reoti-
fier tube with filaments B-B supplies voltage to the resistors Rg, Rg, Rg, and
Rg to provide the operating potentials to the cathode-ray tube type 906. This is
a half-wave reotifier oireuit with the tube (B) in series with the B00 volts wind-
ing (350 + '460) and the above mentioned voltage divider. Rg regulates the bias
voltage on the grid of the 906 and thus is the "INTENSITY" oontrol. R, is con-
nected to the sesond anode of the 906 and is indiocated on the panel as the "FOCUS"
aontrol. ng and Ryy provide a variable potential whieh can be ad justed to pro-
vide either a negative or positive voltage with respsot to the chassis. The common

terminal connects to the deflecting plates through KR and controls the position of
the image on the soreen,

The vertioal amplifier is of the fixed bias type using a 6C6 tube, The hor-
izontal amplifier employ® automatio bias by means of REI in the cathode sirouit.
The input of these amplifiers are oontrolled by Ryg and Ryg. "VERT. GAIN" and
"HOR. GAIN" respeotively. |

The sweep generator uses a type 885 thyratron oscillator and the frequenoy 1is
ad justed by means of Cyz, Cy,, etc. - ("SWEZP FREQ.") and R, ("FINE FREQ."). The
switohas.oonnecting to V,, and JHll are located on the rear of the "VERT.GAIN" .and

546- 76



"HCR. GAIN" controls. The togrle switches which connect to GB and Cg are the
"EXT., INT. SWEEP" and "EXT. INT. SYNC." respectively.

INS TFUMI'I-‘.T TOTALLY IN OF:RATIVE

First cheok the fuse and if this is open, be sure that the voltage and fre-
queney of the servise outlet conform with the ELECTRICAL SFECIFICATIONS listed on
the first page. If the trouble seems to be internal, disconnect the instrument
from the service eutlet and remove the chassis from the scope carrying case. Re-
move the two type 80 tubes and plug the instrument into the line. If the fuse does
not opan ur, meke the following test:

CAUTIQY - EXTRENME CARE SHOULD BE EXERCISED IN MAKING MEASUREMENTS WITH TEHE
INSTRUVENT CONNECTED TO THE LINE. THE VOLTAGES BETWEEN THE ELECTRCD.3 OF THE
CATHODS RAY TUBE AND RECTIFIERS ARE OF SUCH MAGNITUDE THAT SERICUS BUR'S "ILL BE
INFLICTED IF THE BODY SHCULD COME IN CCNTACT WITH TEESE POINTS AND THo CHASSIS.
Using g rair of insulated test leads, measure the voltages on the secondaries of
the pewer transformer. If these appsar to be noar the values shown on the oircuit
diagram, DISCONNECT THE INSTRUMENT and cheok C; and C2. The rasistance across Cp
should net be less than 25,000 ohrns., It should be noted that C; and Co are glec-
trolytic eapacitors and thus will not read correctly on an ohmmeter unless the
polarity is observed. iith the type 80 tubes out of the sockets, if the instru-
ment eontinues to blow fuses, check the power transformer for a possible short
circuit between the windinpgs and the laminatiocns,

INSTRUMBNT PARTIALLY INOPIRATIVE

If either of the amplifiers should fail to function or the internal sweep
geancrator is not working, replace the type 80 tube and checl: for veltages at the
points listed. It is also advisable to check the merit of the tube and amplifiser
in a standard emission type shecker or by substituting one of known condition.

VOLTAGE MEASUKEIENTS

" For the purpose of compariscn, the following data lists the more important
operating notentials which will ald in locatins trouble. These notes are bases on
a line voltage of arrroximately 120 volts on the primary ef the power tronsformer.
A-C veltares are indicated on the circuit dia;rar in roct mean squars values. D-C
voltages are indieated below as measured with a 1000 chm prer velt meter between
the ehassis and resrective reoints. Reference to pin numbers on sockets are R.llL.A.,
that is,leoking at the base of the tube with the filament rins on the bottom, the
left hand filament pin is 1, the nsxt pin, counting clockwise is 2, ete. This
arnlies to the tubes used in the *ndel 546,

Type 80 (full-wave rectifisr) Pin No. 1 400 volts positive
Type 80 (halfewave rectificr) Fin Np. 2ord 1050 volts nepative
Type GC6 (verticsl amplifier) Fin Neo. 2 200 volts positive
5 80 volts positive

¢ 2.2 volts positive

5 - 2.2 volts vpositive

- Type 6C6 (horizontal amplifier) Fin o, 2 180 volts positive
3 80 volts positive

4 2.1 volts positive

O 2,1 volts positive

546 - -7



e

4 4,1 velts pasitive on 3560 V r'a?'x

A

Type 885 ( sweep generator) Pin No. 2 25 volts positive an 3850 V rang;

Type 906 (eathode-ray tube) Pin No. 2 0 to B6 volts negative
(Mleasurements made between 260 to 550 volts positive
Fin No. 7 and points indicated) 80 to 350 volts positive
Do not measure voltage from 2 200 to 400 volts positive
pin (grid) on 906 to chassis. 900 volts positive

o

TEE CHASSIS IS POSITIVE 'ITH RESFPZCT TO CATHODE ON THE TYPE 906 CWLY.

REPLACEMENT PARTS

The parts used in the lModel 546 were earefully inspected for meohaniocal and
sleotrical defects before shipment from the factory. Under nermal operating oon-
ditions, the tubes are the only parts which will require replacoment. The average
life of the emplifior and rectifier tubes is aporoximately 1500 hours and the life
of the thyratron and cathode-ray tube approximately 1800 hours. The following
list includes parts which may be easily replaced by the operator should the
necass ity arise.

tock Number Descrirption
5099 Filter ¢hoke
698 6-87 Leads, pin plug to alligator
7276 Tube, type 6(C6
8307 Tube, type 80
3056 Tube, type BBS
7704 Tube, type 506

Resis tors numbar stated on Circuilt

Fotentiometers Order by reference
Capacitors } Diagram - Cy, R}, ete.

Additional information concerning raplauement parts may be cbtained by
writing to the Factory Service Department.
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