INSTRUCTION MANUAL

MODEL 2.5 FREQUENCY STANDARD

SULZER LABORATORIES, INC.




INSTRUCTION MANUAL

MODEL 2.5 FREQUENCY STANDARD

SERIAL No. /

SULZER LABORATORIES, INC.
621 LOFSTRAND LANE

ROCKVILLE, Mp.




SULZER LABORATORIES
Model 2.5
FREQUENCY STANDARD

A compact, rugged, but highly stable
Juartz crystal oscillator is being produced
by Sulzer Laboratories, Inc. This all-silicon,
solid-state unit, which has been designed for
use as a laboratory frequency standard, is
also suitable for use in timing and synchro-
nous communication systems.

The outputs (1 volt to 50 ohms) at fre-
quencies of 2.5 Mc, 1 Me, and 100 Kc, are
guaranteed stable to 1 x 10 or better over
1 period of 24 hours, with moderate ambient-

temperature variations, with power-supply
variations from 22 to 32 volts (at14 ampere),
and for any moderate load variations. The
short term stability is better than 8 x 10
over 1 second and 8 x 10" over 0.1 second.
The output frequency is adjustable over a
range of 100 x 10" with a front panel control,
which has a constant sensitivity of 5 x 10
per division. A companion power supply
with standby battery, and rack mount are
also available. See other side for more
complete details.



MODEL 2.5 FREQUENCY STANDARD

The frequency standard employs silicon tran-
sistors and diodes. All components, which are of
the highest quality, have been selected to meet
military standards whenever practicable. The
erystal unit is the 2.5 megacycle military type de-
signed by Warner of Bell Telephone Labs, which
will withstand a shock of 830G with a frequency
change after shock of less than 1 x 10-, The erys-
tal unit is mounted in a double, proportionally-
controlled oven.

The frequency dividers, which are of the regen-
erative fail-safe type, are started manually by a
front-panel push button.

The equipment has been designed for easy access
to all important components with no sacrifice in
strength or rigidity. )

OUTPUT

) volt—20% + 50% 10 50 ohm loads at 2.5 Mc, 1 Mc, and
100 Kc simultaneously, available at front panel connectors
and through o conneclor ot rear of front panel.

STABILITY
(maximum A f/f for condition or change noted)
(o) Input 27VDC changed + 5V +1 x 10-10
(b) Load 50 ohms chonged +209: +1 x 1010

(c) Ambient temp. 20°C changed +15°C: +2 x 10-10
(d) Time, 24 hours (after

1 month of operation) +1x 1010
(e) Time, 24 hours,

(ot time of shipment) +3 x 1010
(f) Time, 0.1 sec.: 8 x 1010 RMS
(g) Time, 1 sec.: 8 x 10°1" RMS

MODEL 5P POWER SUPPLY

The power supply employs silicon transistors
and diodes, and sealed nickel-cadmium cells. All
components, which are of the highest quality, have
been chosen to meet military standards whenever
practicable.

OUTPUT
27 volts at o maximum of 500 ma. When charging the
self-contained baottery from a 60-cycle source the ripple
will not exceed 20 millivalts,

INPUT
105-125 volts, 48-400 cps. The unit will withstand inputs
as high as 135 volts without demaoge, but sustained opera-
tion at such @ high voltage is not recommended without
changing the transformer-secondary tops.

INPUT
22-32 VDC at approximately 0.33
FREQUENCY ADJUST
100 x 10 from front panel, appro.
division. Internal adjustment approxi

SIZE

4Ya inches square ot front panel, wh
extends 11% inches behind front pai
4 inches. The clearance required in f
is 2% inches, excluding connectors.
mounted from the bottom, or can be L
A rack mount with 5% inch by 19 inch
for one or more standards alone, or 1
ards with choice of various power
batteries.

WEIGHT
Approximately 6% pounds.

Frequency Standard  with
SVainch by 19 inch Rack |

\

BATTERY CAPACITY
3 ampere-hours minimum at & 500-ma.
battery. An external bottery of grea
used if desired. A vaoltage-sensitive cu
protect the battery from cell reversal ir
tended power failure. The batteries
charge at 50 mq; however, a higher 1
by means of a front-panel switch if o
quired.
AMBIENT-TEMPERATURE R,
—28°to 4 65°C.
SIZE
4% inches square at front panel, which
extends 11% inches behind front panel
4% inches. The clearance required in frc
is 2% inches. The power supply can be
the bottom, or it can be bolted through
WEIGHT
Approximately 12 pounds.

\

SULZER LABORATORIES INC.
621 Lofstrand Lane,
Rockville, Md.

Phone: 301-762 7722



SECTION 1

GENERAL DESCRIPTION, INSTALLATION

General Description

The Model 2.5 frequency standarg generates highly stable output
frequencies of 2.5 Me, 1 Me, and 100 Kec. Each of these outputs has
excellent waveform and spectral purity. The instrument employs
a high—quality, ruggedized 2.5-Mc quartz crystal unit which, with

oven. A highly stabilized feedback amplifier is used in connection
with a suitably designed AVC system to maintain the crystal power

at the low, constant value that is necessary to attain high frequency
stability.

The equipment utilizes high-quality silicon transistors and
diodes throughout. Other component parts have been chosen for
reliability and long life. To facilitate servicing, the structure
has been designed for €asy access to all important components.

The mechanism associated with the 10-turn frequency-control
dial has been machined with great care to permit the frequency to
be set or reset to a few parts in 10 while placing little or no
mechanical stress upon the glass piston capacitor.

Thisgfrequency standard ig an excellent frequency source for
laboratory measurements, for brimary frequency and time-standarg
systems, and for mi Towvave spectroscopy. Its output, 1 v RMS to a
50-ohm load, is sufficient to drive most other commercial clocks,
multipliers and frequency dividers.

Varioﬂs types of companion rack mounts and bower supplies are
available from Sulzer Laboratories, Inc. to meet a wide range of
requirements.

Inspection

The frequency standard was tested and inspected before shipment.
A copy of the test results will be found on the page following the
specif cations. After the standard is unpacked, it should be inspected
for damage. ITf damage is apparent, a claim should be fited with the
carrier. A report should be obtained from the claim agent and for-
warded to us. We will then notify you regarding the return of the
equipment.




Installation

If the standard alone is to be mounted by the customer, it can
be shelf mounted by means of the 8-32 holes tapped in the bottom of
the front panel and rear clamp, or it can be fastened through a
bulkhead with the aid of the studs that appear at the rear of the
front panel. In either case, adequate support must be provided for
the rear of the container, particularly if the equipment is to be
subjected to shock or vibration during operation or shipment. This
support 1s normally provided by the clamp mentioned above. If a
bulkhead mount is contemplated, the clamp must be fastened against
the bulkhead using the side plates that are assembled to the clamp,
The rear clamp and side plates are not normally supplied for labora-
tory use.

The equipment should be mounted in a suitable rack or cabinet.
If the enclosure is to contain other equipment as well, adequate |
ventilation should be provided to prevent the temperature from
exceeding 35° C.

The frequency standard requires”a dc power supply, which need
not be well regulated. It should be able to deliver a minimum of
2k volts at a maximum current of 1/2 ampere. The ripple should be
less than 100 mv RMS. Power is applied at the rear of the front
panel with the connector and cable supplied with the equipment. The
red lead is positive, violet negative, and the shields connect to
the chassis ground. There are no power-supply grounds within the
‘tandard, so that either power-supply lead can be grounded, but
polarity must be observed. The three output frequencies are available
through this cable, and also, at the front panel. The dc output of
the power supply must be fused for 1 ampere, using a fast-acting
fuse.

If the stendard is ordered with a power supply, the plug on the
end of the power-supply cable will mate directly with the receptacle
on the rear of “the standard.




SECTION 2

OPERATING INSTRUCTIONS

Controls

The frequency standard contains but two external controls; a
frequency dlal, and a meter switch. The frequency dial is of the
multi-turn type, with approximately 2000 useful divisions in approxi-
mately 20 turns. The tuning range 1s 1 x 10-7, producing a frequency
change of approximately 5 x 10-11 per division. The standard is
shipped with its frequency adjusted to that of WWV within 1 x 10-10,
Since the crystal will age upward in frequency, the dial is set toward
the upper part of its range so that a maximum amount of negative

.compensation can be applied. The dial setting will then have to be

decreased as the crystal unit ages. Eventually the control may
reach the end of its range. It will then be necessary to remove the
frequency standard from its enclosure to permit adj. stment of the
internal coarse frequency control, as discussed below

If the frequency standard has been permitteg to cool during
shipment, a frequency o fset as great as 2 x 10 © may occur, which
will require readjustment of the oscillator frequn y control.

The meter swi ch, in connection with the meter is used to
monitor the various Principal parts of the standard. On the INPUT
VOLTS position the power-supply voltage is measured. Midscale )
corresponds to 25 volts. REG. V. indicates the output of the voltage
regulator,” which is normally 16 to 18 volts on 2 25-volt scale. AVC
indicates, on an erbitrary scale, the voltage developed by the AVC
system in the oseillator Readings here are relativ, and should only
be compared with those me tioned below. In th: TEMP position the
meter 1s connected to a thermistor bridge that monitors the inner
oven. The.normal indication here is zero, when the inner oven has
attained its final temperature. When switched to the INNER OVEN, the
meter reads the voltage across the inner-oven heater, with a full-
scale .alue of 15 volts. In the OUTER OVEN position, the outer-
oven voltage is mo itored with 25 volts full scale. The presence
of an output at each of the three frequencies is indicated by the
three remaining meter-switch positions The readings tabulated are
those obtained with 50-ohm loads on the outputs The indications will
vary inversely with loading because the meter rectifiers are connected
at an intermediate point in the output filters. The meter reading
may actually be zero with no load.




, When the equipment is first turned on, the meter may read full
scale or higher on the TEMP, INNER OVEN, and OUTER OVEN positions.
After 2 or 3 hours of operation, the normal readings should be obtained.
These are tabulated on a plate mounted on the top of the control box.
The outer-oven voltage will vary greatly with ambient temperature.

The value above corresponds to a temperature of 25° C. If the ambient
temperature approaches 40C C, the (outkr-oven current will approach .
zero. The meter switch must be left in the TEMP positipn when other
readings are not being taken. Switching to 0SC BIAS will produce a
small frequency change, and therefore the switch should not be left

in this position. It should be mentioned here that the frequency
standard will require 48 hours or more to attain full frequency
stability. The initial frequency setting should not be changed during
this period.

SECTION 3
CIRCUIT DESCRIPTION
Theory

The operating frequency of the standard is controlled by Yl,
which is a high-quelity crystal unit. Thie crystal unit is designed
0 operate at 2.5 Me, which is the 5th overtone of its fundamental
frequency. To maintain a constant frequency, the crystal unit must
be kept at a constan® temperature, and must be kept in oscillation
at a very low,” constant power level. It is the sole purpose of the
frequency standard to provide this environment for the crystal unit
while furnishing the necessary output frequencies and powers.

The oscillator proper contains Q1, which appears at the upper
left-hand cornér of the schematic diagram. It is of the modified
Pierce type, with the crystal connected between base and ground
through a frequency-setting network containing the coarse frequency
control C2, the fine frequency control C3, and an inductor Ly, which-
is used to adjust the oscillator to the correct frequency and compen-
sate for crystal-manufacturing tolerances.

To keep the crystal powsr sufficiently low it is necessary to
use an amplitude-control system, which consists of AVC amplifier
Q@ - Qu, end crystal diodes CR, and CR3. When the crystal oscillator
1s first energized its amplitude of oscillation is very low. The
oscillator output is amplified by Q Q3, and Q) and, when it becomes
sufficiently great, crystal diodes Cﬁg and CR3 start to rectify.

~h-




The DC output of the rectifiers decreases the base current applied to
transistor Q;, decreasing its transconductance, and therefore tending
to decrease the amplitude of oscillation. An equilibrium i1s reached

at an acceptable value of erystal power, which is approximately l/h
microwatt.

The output of the AVC amplifier is further amplified by buffer
Q18, and is used to drive the 2.5 Mc amplifier Q30- The output of
this amplifier is 1 volt to a 50-ochm load.

The buffer also drives Qug and Qpg, and Qp; and Qpp, which
comprises & regenerative frequency divider. In this circuit, Ql
and function as a mixer producing an output at 500 kc. Transistors

multiply this frequncy four times, and the resulting 2 Mc

ou%put drives the mixer, which also receives 2.5 Mc from QlB' A
transient, which is produced by pressing the start button, produces
500 ke in the collector tuned circuit of ng and Qpps initiating the
regenerative process, which then continues.” Division by 5 to 100 ke
is accomplished by QQ Qply, Qpg, and Q26 in a similar manner.
Starting transients for the two dividers are produced by relay Kl
which 1is controlled by Q29 Once the dividers have started, Q29
cut off by diodes CRg and CR;y so that the start button will have no
effect. Output amplifiers are provided at 1 Mc and 100 kc. These
also deliver 1 volt to a 50-ohm load. The 1 Mc signal is produced
by doubling 500 ke.

The crystal temperature is maintained at a constant value by
means of a two-stage oven. The inner oven, which employs the inner-
oven controller Q ; Q8 —Q9, is operated at the so-called turning
point of the crystal un it, which is a minimum on the frequncy vs.
temperature characterlstlc of the crystal. Operation here provides
the minimum rate of change of frequency with temperature.

The temperature controller contains a 3-stage amplifier Q- - Q :
which is tuned to a frequency approximately of 25 kc. Connectéd between
the output and the input of the amplifier is a bridge circuit which
consists of the two halves of the secondary of T and R in
series, and thermistor RT When the oven is befow %s operatlng
temperature, the resistance of the thermistor 1s higher than its
normal value, the bridge is unbalanced, and positive feedback is
permitted. The amplifier will then oscillate, driving rectifiers
CRy and CRg. The IC output current of these rectifiers is amplified
by Q8 and Q9, and is used to heat the oven through heater resistor
HR;, which is wound around the oven cylinder. As the oven heats,
the termistor resistance decreases, making the bridge approach a
balance. This decreases the amount of pcsitive feedback, decreasing
the amplitude of oscillation and the heater current. An equilibrium




' a series-control transistor. If the output voltage is

is finally reached at the point at which power supplied to the oven
equals that which is needed to maintain the desired temperature. Any
change in ambient temperature is largely offset by the action of the
controller. As fer as the inner oven is concerned, it decreases the
temperature variations within the outer oven by a factor of €00.
Since the outer-oven stability is better than 1 degree Centigrade,
the inner-oven temperature is constant to better than 1/600 degree
Centigrade, which is adequate to produce the required frequency
stability.

The inner oven contains the erystal unit and the crystal oscillator
itself. The outer oven contains the inner oven as well as all of the
other components of the oscillator and AVC system.

The outer-oven controller i: similar to the inner-oven controller,
and functions in the same manner. Its temperature stability is infer-
ior to that of the inner oven because the structure is larger and
suffers from temperature gradients because >f its method of nounting.

The power-supply voltage for all parts of the standard except
the outer-oven heater is kept constant by a high-gain voltage regulator
containing Q5, @6, and Q7. Input voltages between 22 and 32 are
held constant to within + 0.1 volt by this regulator. The circuit
uses CRg as a voltage re?erence, which is compared with a portion of
the output voltage by Q7. The output of QlT is a direct current
whose magnitude depends upon the difference b=tween these two voltages.
This current amplified by Q16 and is used t.: actuate Qli’ which is

ow, Q7 tends

to be cut off, increasing the base current available for Q1 4, there-
by increasing the base current of Q5. This decreases the voltage
drop across QlS which tends to increase the output voltage.

A line filter, L, - Lc and associated capacitors, is provided
to remove high-frequency voltages <“hat might interfere with the
operation of:the standard.

The temperature of the inner oven is monitored by a thermistor
RT;, which is connected in a simple bridge circuit. The sensitivity
of the .eter indication is approximately one degree Centigrade per
major division, which is sufficient only to indicate a gross mal-
function of the temperature-control system. The meter reading is
high if the inner-oven temperature is low, and will be below zero
if the inner-oven temperasture is high.




SECTION L4
MAINTENANCE

\

Maintenance of the frequency standard will consist principally
of keeping its frequency adjusted to the proper value as the crystal
ages. It is anticipated that the aging rate will be approximately
3 x 10~ -10 per day at the time of shipment. This should decrease to
1 x 10-10 per day after one month of operation and should eventually
reach a value of 5 x 10-11 per day. This,procedure for .frequency
adjustment is given in the operating instructions. In any event,
it must be assumed that some means of frequency comparison will be
available so that the frequency of the standard can be set to the
desired value.

The equipment is so designed that it will require no routine
maintenance procedures. If a malfunction occurs it can be cne of
several different types as follows: (1), the complete disappearance
of all outputs; (2), the disappearance of one output frequency only;
(3), all output voltages normal, but off frequency by a small amount,
such as 1 x 10-T; (4), all output voltages normal, but off frequency
by a large amount such as 1 x 10-6 to 5 x10-

These malfunctions will be considered in detail below. It
should be mentioned, however, that combinations of one or more of
these may occur. . The following paragraphs will cover these items
in order. These must be recognized, and appropriate remedies must
be applied. T

(1) If all outputs disappear, a power-supply fuse:may have
blown. If a fuse blows again on replacement, the circuits should
be checked for possible grounds, short circuits, or shorted capacitors.
A fuse may also blow if the power supply has been connected in the
wrong polarity, The fuse should be of the normal rather than the
slow-blow type.

To check the equipment it will be necessary to disengage the
power connector. The cover can be removed by taking off the four
screws that hold it in place. This will expose the two large
terminal boards at the front of the equipment, as well as the outer
oven, which is the can projecting from the rear. This can is released
by removing the four flat-head screws that go through its base. It
will also be necessary to disengage the outer-oven plug Pl' Removal
of the can will expose a smeller cylinder, which is the inner oven.




Grounds, short circuits, or shorted capacitors can be located
with the aid of an ohmmeter. The inner-oven cylinder is connected
to the negative line. The defective component or circuit should be
traced to the proper board and isolated by removing it from the
circuits. It will be helpful to note in the schematic that many
connections pass through a header located on the front panel. These
connections are numbered starting clockwise (as view from the front)
at the bottom pin in the outer row. After completing the outer row,
the inner row is numbered clockwise in the same manner.

If all outputs disappear simultaneously, it is also possible
that the voltage regulator has failed.

(2) If the voltage at one output frequency only disappers,
the appropriate output amplifier and its connections should be
checked. It is also possible that the corresponding frequency
divider may have failed. If the 500-ke¢ divider has failed the
100-ke divider will not operate because it will have no drive.

The frequency dividers contain several tuned circuits, each
of which must be adjusted to the correct frequency. Before adjust-
ment is attempted, however, the drive or signal input to the divider
should be checked. Thus, if the operation of the 500-kc divider
is questioned, the voltage at the collector of the buffer, Q;g8;
should be measured using a vacuum-tube voltmeter, with a high-impedance
(15 mmf or less) probe. If such a voltmeter is not available, an
oscilloscope with a similar probe can be used for estimating the
voltage. If the voltage appears normal, Tg and T7 should be adjusted
to the proper frequencies. To adjust Ty, drive the base of Qpy with
approximately 1 volt RMS at 2 Me, applied through a coupling capacitor.
Te should be adjusted to produce the maximum voltage at the collector
of Q. As this is accomplished, the signal-generator output should
be decreased to prevent saturation of the transistor. The same
procedure is used in adjusting T, except that the base of Ql9 is
driven at 500 kec.

After such adjustment the divider should start when the start
button is pressed. If its operation is intermittent, Tg and T
should be readjusted until stable operation is obtained at the correct
frequency ratio. It should be noted that the divider will stop and
not restart itself if either coil is tuned outside the normal range.

The same procedure is used with the 100 ke divider, except that
Tg is adjusted to 100 kej Tg is adjusted to LOO ke.

-8-




If the dividers are working properly but there is no 1-Mc output,
the frequency multiplier QQT should be checked.

The tuned circuits in the output amplifiers are adjusted for
maximum output with 50-ohm loads at the output terminals.

(3) If all of the output voltages are normal, but are off
frequency by a small amount, it is possible that the standard has
not been adjusted to the right frequency after a long period of
storage or operation. An attempt should be made to adjust to the
correct frequency using the fine-frequency control. If this is im-
Possible, and the desired frequency is definitely outside the tuning
range of the standard, it ig likely that the inner oven is not oper-
ating properly. This will be indicated by an abnormal reading—either
above or below zero—at the TEMP position of the meter switeh. If
the meter reading is above zero, the inner oven is running below
its normal temperature. If the inner-oven current is zero, all com-
ponents in the inner oven should be checked.

(L) If all of the output voltages are normal but are off
frequency by a moderate amount such as 8 few Parts in 10°, the opere-
tion of the outer oven should be checked. If the outer oven has
overheated, it will cycle on its safety thermostat, Sy. This will
be indicated by the outer-oven voltage fluctuating regularly from
zero to a high value. If the outer oven has overheated, the inner-
oven current will bhe zero, while the thermistor will indicate below
zero, showing that the inner oven has &also been overheated, If the
outer oven is not functioning at all, the inner oven will be cool,
but will register an abnormally high voltage, In either case, the
outer-oven controller should be checked. To aid this and all other
tests, both dirsct end signal voltages are shown on the schematic
diagram. Direct voltages are measured with respect to the negative
line. Signal Voltages are measured with respect to the negative line,
which would normally be picked up only on the particular board that
is being tested.

This same defect might be caused by over-heating of the inner
oven, which would be detected in the TEMP position of the meter switch.

One remaining condition not listed above should be discussed in
connection with the frequency standard. If, over a long period of
time, a standard has drifted high in frequency outside its normal
renge, it will be necessary to increase the amount of capacitance
in series with the cerystal unit. This can be accomplished, within
limits, by the use of the coarse frequency control Cp, which is
avallable through the hole toward the rear of the outer-oven cylinder.

-G~




This hole is marked Frequency. The trimmer requires a small Allen
wrench, which should be turned clockwise to increase the capacitance.
If this capacitor has reached its clockwise stop, it will be necessary
to increase the fixed capacitance which is connected across the
trimmer. This can be located by removing the outer-oven cylinder,

end also removing the cover cap on the end of the inner oven. This
additional capacitance should be approximately 20 to 30 mmf. A
Corning glass capacitor should be selected; if that type is not
available, & high-quality silvered-mica unit should be used.

If C, has been readjusted radically, it may be necessary to re-

adjust Cr (merked Range) to restore the correct tuning range. Increas-
ing the capacitance of 05 will decrease the tuning range.

=10~
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SECTION 5
PARTS LIST

The list to follow cdontains all electrical components plus
some of the smaller mechanical parts. Although any or all of
these parts could theoretically be replaced in the field, it is
probable that such replacement should be limited to. the transistors,
resistors, Capacitors, inductors, and transformers. If the crystal

.unit Yy is damaged, perhaps by the shock resulting from the standard

being dropped on some hard surface, it is suggested that the stand-
ard be returned to the factory. Such replacement would require
readjustment of the inner-oven temperature as well as Ly. These
operations should not be attempted without the broper equipment.

It might also be difficult to replace MPy, which includes a
hermetically-sealeqd header, because 6f the large amount of wiring
that is connected to it. ' '

Although specific manufacturers are listed here, equivalent

parts from other suppliers may be used, either in the original
equipment or in the Spare-parts shipments.

-11-
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SULZER LABORATORIES, INC.
621 Lofstrand Lane
Rockville, Maryland

INSTRUCTIONS

MODEL 5P POWER SUPPLY

CR.. The battery acts as s constant-potential source for the base of

» Which functions as an emitter-rfollower voltage regulator. If the
AC power is interrupted, the battery is connected to the load through
CR., and the base-emitter Junction of Q . Thus the change-over, which
is automatic, is accomplished with but a very small switching
transient since the base-emitter Junetion of Ql is always biased in
the forward direction.

If the full ampere-hour capacity of the battery is utilized,
there is danger of damaging some of the cells. The lowest—capacity
cells of the battery will decrease their terminal voltage first, and
@y actually suffer a reversal of potential if the load current con-
tinues to pass through them. Reverse charging can cause Permanent
damage, and must be avoided. The power Supply therefore contains a
battery cut-ont ¢ircuit, which ineludes Kl, CR8, and Q.. If the
battery voltege drops & below its normal value“at 25% ischarge, it
is automatically disconnected from the load. The cut-out voltage is
controlled by R » Which is adjusted before shipment. Restoration of
the AC power wi?l automatically recharge the battery and connect it
to the load. -

The start button § is inecluded to permit the power supply to be
started in the absence éf AC power.

" The charging-rate switch 8
which produces a 50-ma rate. I% for any reason, such as a power failure
of' extended duration, it is thought that the battery has become more
than 25% discharged, the battery should be given a 2L-hour charge at
the high rate, which is 150 ma. This should also be done shortly before
2 period when the full capacity of the battery will be needed, such as
during a field trip when AC power is not available. If the battery has
become discharged to the cut-out point, it should be given a 30-hour
charge at the high rate.




The power supply has been designed to require no periodic servic-
ing of any king. The battery contains sealed cells which do not
require the addition of water. The line fuse (Fl, - amp) should be
Of the slow-blow type. The DO fuse (F2, 1 amp) Should be fast
acting. .
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NOTES :
I. TRANSISTOR TYPES AS FOLLOWS . Qi= 2N957,2N222| OR 2N9I7 ;Q2-Q4 &
] QI8-032=2N957 OR 2N2221,Q5-QI3, 016,017 = 2N€97 Q14 ,QI5 = 2N(70]
OR 2N1485
2. ALL RESISTANCES ARE IN OHMS, £20% TOLERANCE , OTHERWISE STATED.
3. ALL RESISTORS 1/4 WATT RATING UNLESS OTMERWISE STATED.
Y o 4. CAPACITANCE | OR GREATER ARE IN UUF UNLESS OTHERWISE STATED,
NC | BNC
o S. LI IS USED TO SET FREQUENCY. A CAPACITOR MAY BE USED IN SOME UNITS .
6. THE VALUE OF R24 IS CHOSEN DURING TEST.
| 271803 7. R34A 8 R45A MAY BE OMITTED.
—— -
& 8. KI IS ALLIED CONTROL JSH-6D, 5000 OHM COIL .
e
) 9. VALUES OF €),C4,C56A,C6IA AND C66A ARE SELECTED DURING TEST,
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@
10. AC AND DC VOLTAGE ARE MEASURED WITH RESPECT TO COMMON NEGATIVE LINE.
"CD ’ Il. THE VALUES OF R26A,R36A,R36, R39,R49,R52, RS3, R59,R61,RTI,R77 &
1 RB3 ARE SELECTED DURING TEST.
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VECO™s
utilize metallic oxide
semiconductor material
sintered on platinum-
iridium alloy lead wires
and feature a hermetic
seal via a controlled glass
coating for excellent
stability under continuous
exposure to conductive,
corrosive, and other
hostile environments. Fast
response times and high

Dissipation
Constant {3)
M /7T

Time Congtant (1)
{saeands) 012
Silll:Aic @:25°C

0.045

power sensitivities in a
mini size make them
ideal for applications
involving measuring and
controlling the tempera-
ture of liquid or gas flow.
Specific applications are
gas chromatography and
thermal conductivity

gas analysis. They are
available in a complete
range of resistance values,
resistance-temperature

0.09 0,10 0.35

characteristics, and with
any desired calibration
accuracy of temperature
or resistance. Complete
product information is
contained in Bulletin
MBO12.

Maximum Operating and
Storage Temperatures

Continuous Operation:
325°C (617°F)
Intermittent Operation:
530°C (1,022°F)

S

Micro-Beads (Figure 1 or 2)

3244024 2,000 = 25_% 3.3 52 13.2
A1A401 A 10,000 = 25% 3.6 4.0 16.1
A3A40 1 A 30,000 = 25% a9 7 20,6
S1A401A 100,000 + 25% 4.0 74 218
H1A401A | Meg + 25% “Ab 10.3 35.8
Ultra Small and Small Beads (Figure 1, 2, or 3)
a7 1,000+ 25% -3:3 52 13.2
32450 2,000 25% -3.4 5.6 14.6
32a48 2,000+ 25% -3.4 546 14.6
41A5 10,000 + 25% -3.9 71 20.6
51A22 100,000+ 25% -4.4 9.2 301
Medium Beads (Figure 1, 2, ar 3)
32412 2,000 20% -3.9 71 206
J5A1 5,000 + 20% -4.0 74 218
51A2 100,000 + 15% -4:4 10.3 35.8
&1A2 1 Meg + 20% -5.0 12.6 519

VECO™ Bead-In-Glass
Probes consist of bead
thermistors with sintered-
in platinum-iridium leads
embedded in solid glass.
Hermetically sealed, they
have excellent stability

over long periods of
time under continuous
exposure to harsh
environments. They
retain excellent stability
at temperatures to 325°C
(617°F) for storage or
continuous operation,
and to 550°C (1,022°F)
for intermittent
operation. For complete
product information
request VECO™ Bulletin
MGRO61.

0.012dia. Tinned dumet
or Gold plated dumal
0.008 dia. High temparatura alloy

0.25 0.005  0.0007
0:25 0.005  0.0007
0.25 0005  0.0007
0.25 0005  0.0007
0.25 0005 00007
03126 0010 0.001
03125 0010 000l
03750 0013 0.0l
03125 0010 000l
03125 0010 0001
03125 0043  0.004
031256 0043 0.004
03125 0043  0.004
03125 0043 0,004

0.100 Probes — 0.5" Long

Diu.C—l Dia.B—l
N

-

Figure 1
Dia. B e
s
‘ ’ l DiuIC
—
Figure 2

Dia. B

Dia. €
Stuly and
K g;u!({::oallnd RN

A
Figure 3
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Mounting Option 1

00300, 78um) dica
Cokd plesoed Kovar 0.375* o
-] L 000 19, 5mm
12, 5aman) nedn,

Mounting Option 2

JALl 1,000 + 20% ~-3.8 6.9 197
J2A01 2,000 = 20% -3.9 7.1 204
3s5an1 5,000 = 20% -4.0 7.4 218
41A010 10,000+ 20% —4.4 2:1 %7
45411 50,000 £ 20% -4.5 9.5 315
S1A11 100,000 £ 15% -4.6 10:3 35:8
S55A11 500,000 & 20% =5:.0 12,3 496
61A11 |Meg = 20% =50 12:6 51.9
0.060 Probes — 0.25" and 0.5" Long (Leads 0.008 Dia.)
314852 1,000 = 20% -38 6.9 w7
324129 2,000+ 20% -39 71 206
35M36 5,000:2 20% ~4,0 74 218
41A28 100,000+ 20% 4.4 @1 w7

Typical Time and Dissipation Constants

0.100" 220
0.060" 6.0

2,00 1.00 1.0 3:5 50
0:50 0.25 0.6 20 30
*Unils supported by their lead in indicaled ambient a 25°C.



