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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report . 

. As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of th~ Com
mission, or employee of such contractor, to the extent that 
such employee or contr~ctor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any informa.tion pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



FOREWORD 

This description of the 10X1260 rack is intended to familiarize users 
with its design, construction, and expected performance. System 1260, an 
electronically-tuned oscillator-amplifier system, was developed in 
collaboration with the Chamberlain Polarized Target Group over a period 
of several years to help meet the evolving needs of that group, and should 
be considered as the current stage of development. The forerunner of 
10X1260 should be mentioned here. the 10Xl140. developed by R. F. Tusting 
of the LRL Electronics Research Group. We recognize several possible 
engineering advances that can be made in System 1260 as physics re~uirements 
may warrent. 

A preliminary description of the low-noise amplitude-stabilized oscillator 
appeared in 22 March 1965 "Notes on OScillator"Design for the Chamberlain 
Polarized Target Spin Resonance Amplifier," Q. A. Kerns. Additional 
information on selected components for 10X1260 appears in "System 1260 
Special Components Log Book," and further measurements in "System 1260 
Measurements Log Book." These are available in the LRL Electronics 
Research Group Office, Building 80, Room 024. 

The never-failing encouragement and support of Prot. Chamberlain and his 
group remains a ,central factor in this development. Eric Young and 
Bob Reynolds solved the many assembly problems with enthusiasm. We want 
to thank A. H. Rehbein for drawings and Mrs. Suzanne Salter for typing 
the manuscript. 

Permission to reprint certain brochures, circuit diagrams and manuals of 
the commercially produced sub-assemblies of the System 1260 is gratefully 
acknowledged. 

Q. A.Kerns 
H. W. Miller 
A. K. Wolverton 
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SYSTEM 1260 

RF-OSCILLATOR & AMPLIFIER 

Condensed Specification Sheet 

Electronic Tuning Range ••••••••••• 

RF Amplitude to Target Coil ••••••• 

Oscillator-Amplifier 
Tra~king Error •••••••••••••••••• 

Oscillator Frequency Stability •••• 

Tuning Speed·, •••••••••••• , •••••••• 

Amplifier Gain Range •••••••••••••• 

Amplifier Gain Stability •••••••••• 

Amplifier Bandwidth ••••••••••••••• 

Detection Bandwidth ••••••••••••••• 

Detector Voltage Readout •••••••••• 

Readout .settling Time ••••••••••••• 

VTF Converter Calibration ••••••••• 

Weight ............................ . 

Dimensions •••••••••••••••••••••••• 

Power Input ••••••••••••••••••••••• ; 

Electrical Shielding •••••••••••••• 

Running Time Meter •••••••••••••••• 

Instrumentation Panel 
Lettering ••••••••••••••••••••••• 

78-79 MHz 

Zero to 200 mV via waveguide attenuator' 

<10 kHz 

<2 kHz drift/24 hours 

After a step command, the frequency 
accomplishes 99% of its programmed 
excursion within 10 ~sec. 

5-10-25-50-100 

,<500 ppm drift/72 hours 

14 MHz between 3 db points. flat 
to 0.1% over 1 MHz 

-100 kHz 

VTF converter, 0-100 kHz rate 

-100 ~secto O.ml% 

.. Rack-mounted Standard Cell 

300 lb. 

51-1/2" X 22" X 18" 

117 V, 60 Hz, 366 VA 

Gaussian enclosure, suitable for 
operation in. electrically-noisy 
environments 

Self contained~ system is intended', 
for continuous operation 

Functional. Flow Diagram integrated 
with panel controls 
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SYSTEM 1260 

OPERATING AND SERVICE MANUAL 

ISSUED IN TWO VOLUMES 

21 February 1967 

TABLE OF CONTENTS - VOLUMES I AND II 

Ie Description of System 1260 (PP. 8-18) 

A. General Physica~ Description, Size " and Weight 

B. Varactor-tuned Oscillator, 78 to 79 MHz 

C. Varactor-tuned Input Circuit 

D. Frequency Tracking Circuitry and Speed of Response 

E. RF Amplifier and Linear Detector; Gain Stability 

. F. Voltage-to-Frequency Converter, Dymec 2212A - See VII-F, VIII~C-5, 
XII-B and Appendix G, which is the manufacturer's brochure. 

II. AC Power Requirement (p. 19) 

A. Tabulation 

III. Line Filter (p. 19) 

A. Schematic 

B. Series Resistance 

C. Shunt Capacitance 

D. Shunt Resistance 

E. Attenuation vs. Frequency Graph' 

IV. AC Power Distribution Within the Rack (pp. 19-21) 

A. Schematic 

B •. Description 

V. Interconnections to Other Apparatus (p. 21) 

A. Connection to Target 

B. Interconnection Panel and Patch Panel 
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VI. Power Supplies and Indicators (l?P. 21-29l 

A. Indicators and Power Supply Monitoring 

B. Precision Voltage Regulators 

C. List of Power Supply and Interconnection Schematics and Their 
Drawing Numbers 

D. Physical Location of Power Supplies 

VII. System Functions (pp. 30-34) 

A. Varactor-tuned Oscillator and Freq,uency Range 

B. Adjustable Reactive Coupling of RF Energy to Target 

C. Adjustable-gain Wide-band Amplifier 

D. Band-limited Detector - see I-E 

E. Voltage Divider Output to Voltage-to-FreCluency Converter 

F. Voltage-to-Freq,uency Converter Supplied. by DYMEC. 
See VIII-C-5. XII-B and Appendix Gt which is the manufacturer's 
brochure. 

VIII. System Calibration Notes (pp. 35-54) 

A. List of Suggested Test Instruments 

B. Tuning Instructions 

C. Some Procedures for Isolating Faults - Trouble' Shooting 

D. Oscillator Amplitude Stability 

E. Amplifier Gain Stability 

IX. Low~Noise Design Features (pp. 55-56) 

A. Oscillator Amplitude-Regulation Loop 

B. Oscillator Amplitude-Reference Voltage 

C. Amplifier Anode Current Stabilization Loop - see I-E 

D. Mechanical Packaging of Oscillator and RF Input Circuits - see I-A 

E. Integrated Circuits - Fairchild ~A-702A 

X. Cross-references to the Programmed Freq,uency Sweep (p. 57) 

A. Modulation Range and Bandwidth (Settling Time) - see I-D 

B. Freq,uency Tracking Circuit; Thyrite - see I-D and VIII-B 

C. Freq,uency Stability - see I-B and "System 1260 Measurements Log 
Book'i for Time and Temper&:t.ture Effects 
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D. Reactive Energy Coupling - Its Sensitivity to Frequency - see VII-B 

E. Input Circuit - Its Variation of Shunt Resistance with Resonant 
Frequency - see I-C 

XI. Avoiding Noise Pickup in the Accelerator Environment (pp. 57-61) 

A. A Discussion of the Problem - See Appendix I, Glossary, Noise Pickup 

B. Line Filter - see Section III 

C. Cable Interconnections - see Section V 

D. Coaxial Noise Isolation Filter - see Print N6~~10Xl180 S-l 

E. Bundling and Transposition of Cables 

XIL Computer Interfacing (Pl? 62-68) 

. A. Table of Voltage In- Frequency Out- Numbers for Oscillator 
Frequency Programming 

1. Oscillator Varactor Voltage - Oscillator Frequency Table 

2. Frequency Sweep Voltage - Oscillator Frequency· Table 

B. Stability of Voltage-to-Frequency Converter 

1. Voltage - Frequency Table 

2. Remarks on Stability 

*XIII. Explanation of Print Numbers and Guide to Drawings (ppo_ 10-73) 

A. System Items by Subject 

B. System Items by Number or Symbol 

C. Individual Drawings 

*XIV. Appendices 

A. Trygon Supply 

B •. LRL - 9827 

C. Power Designs 2050 

D. Sorensen 12 V 

E. SRC 3566 

F. Zeltex Op Amp 

G. DYMEC Voltage-to-Frequency Converter 

. H. Fairchild ~A-702A 
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I. Glossary 

Operational Amplifier 

Noise Pickup 

Waveguide-Beyond-Cutoff Attenuator 

Thyrite 

Varactor 

Zener Diode 

Microplasmas 

* Sections XIII and XIV-appear in Volume II, labeled "System 1260 -
Vol. II." All other sections are included in Volume It labeled 
"System 1260 - VoL 1. f.' 

LIST OF PHOTOGRAPHS 

Number Title 
t! .1 • bo 

XBB674.1860 System 1260 Rack, Front View 

ELEC-4221 Oscillator-Amplifier Chassis. 
Rear View 

XBB614 .. 1859 System 1260 Rack, Power Supply 
Chassis Extended 

ELEc-4222 System 1260 Rack. Lower Rear View 
With Door Opened 

9 

10 

28 

29 
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I _ DESCRIPTION OF SYSTl(:M'i126p 

A. General Physical Description, Size and Weight 

Figure 10X126o-B2 is a block diagram of the system: See section 
XIII-C for individual drawings. For details of the nuclear 
physics of polarized proton ta.rgets, see reports such as 
"Scattering of 250-MeV Positive Pi Mesons From A Pola.rized Proton 
Target" by Claude H. Schultz dated January 17, 1964 (UCRL-11149)" 

The S:;stem 1260 hardware is an aluminum rack of electronics 
equipnent 51-1/2 inches high by 22 inches wide by 18 inches 
deep_ Handles project 1-3/4 inches front and 1-1/2 inches back. 
It weighs 300 pounds complete. The rack alone ~eighs 115 pounds. 
The ac power requirement is 117 V ±10%, 400 VA. Electrical 
shielding is adequate to permit low-noise operation in an 
accelerator environment where nearby spark chambers may be opera
ting. See section XIV, Appendix I, Glossary, "Noise Pickup". 

The rack front contains three panel-mounted chassis units, a 
patch panel, and a 5-1/4 inch blank panel for future expansion. 
An interconnection panel is provided at the bottom rear of the 
rack. 

The required precision in frequency and amplitude dictated that 
electrical components be solidly mounted. Within economic limits, 
the structure is designed to be as insensitive as possible to 
mechanical motions; nevertheless, the entire rack should not be 
subjected to any unnecessary vibration. To this end, no fans or 
blowers, etc., are permitted in the rack. Cables to and from the 
rack should be organized and arranged to minimize mechanical 
coupling to external, possibly vibrating, structures. Figure 
XBB674-l860 is a photograph of the rack, front view. 

B. The varactor-tuned oscillator, the varactor-tuned input circuit, 
the amplifier. and 'the detector are constructed on a single panel, 
19 inches wide by 21 inches high, labeled "Proton Spin Resonance 
Oscillator-Amplifier". Weight = 105 pounds. Figure ELEC-4221 is 
a photograph of the Oscillator-Amplifier as seen from behind the 
panel. For a brief description of a varactor, see section XIV, 
Appendix I, Glossary, "Varactor". 
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Oscillator shielding is complete, i.e., the spurious 79 MHz 
radiation is below the room-temperature thermal noise level. 
The only rf output permitted from the oscillator is that reaching 
the input circuit, and is under the operator's control via an 
adjustable metal vane moving in a waveguide-beyond-cutoff attenuator, 
a 1-1/4 inch I.D. pipe. See sections VII-B and XIV, Appendix It 
Glossary. ItWaveguide-Beyond.Cutoff Attenuator" for further dis
cussion •. 

The oscillator schematic is lOX1260.Sl. Briefly, the oscillator. 
is constructed as follows: A low-noise transistor excites a 
loaded quarter-wave coaxial resonator at a power level regulated 
by a peak-detector and a closed-loop servo. Electronic tuning . 
of the resonant frequency is provided over the range 78 to 79 MHz 
by four silicon-junction-varactors mounted in the resonator. The 
resonator proper was milled from sections of solid aluminum, 
copper plated, and bolted together. Z of the main line is 60 n 
and Z of the foreshortening (loading)osection, 10 n. Dielectric 
spaceoin the resonator is filled with slightly-compressed Styro
foam to minimize relative vibration of electrodes. The rf voltage.' 
amplitude at the electrical point on the resonator 3006 from the 
shorted end is 40 volts peak. To provide amplitude stabilization, 
an envelope detector positioned at this point compares the peak 
rf amplitude with TC Zener-stabilized 40 V reference. The 
amplified error signal from this difference controls the operating 
point of the rf transistor exciting the resonator. 

,An, applied inverse,vol~age ,.varying.::from :12 .. 3.to,36,-volts~.at the 
varactors, is sufficient to tune the resonator from 78 MHz to 
79 MHz. S~e section XII-A-l. 

Between pp-6, the frequency sweep input, and the PN junctions ,. 
dc coupling is used. The bandwidth allows rapid frequency jumping 
if desired. Settling time in the varactor bias voltage circuitry 
is about 10 ~sec. See section I-D. 

Frequency drift,: after warm 'up, is as follows: 

From one five-minute interval·' to the next, the frequency varies 
spontaneously about 16 Hz, most of which is drift. In thirty 
hours, the accumulated drift was measured to be 2 kHz at 78.5 MHz. 
A plot of the drift is available in the "Syst'em.:,1260· 'Mea.surements , .. Log 
Book", showing frequency at 25-minute intervals during the 30-hour 
run. A tabulation of osciilator frequency taken at 5-minute 
intervals is also available for the same run. Later data is 
available showing the correlation between quartz thermometer 
readings and oscillator frequency. 
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C. The varactor-tuned input circuit is a quarter-wave loaded 
resonat.or, milled from solid aluminum and copper plated. An 
adjustable amount of rf energy may be coupled from the oscillator 
into the input circuit via the aforementioned reactive attenuator, 
the control for which is labeled "RF Excitation to Target Coil". 
In addition to electronic tuning provided by two silicon pn junction 
varactors, a variable air capacitor labeled "Input Tuning" is 
provided for frequency trimming. See section VIII-B, "System 
Adjustment Notes". A graph of input circuit tuning capacitance 
vs. "Input Tuning" dial setting is shown on page 13. 

The NMR pickup coil in the Polarized Target apparatus connects to 
System 1260 via a type N fr.ont panel connector. The N connector 
in turn ties to the high-impedance point on the input circuit 
resonator. The rf amplifier input connects:to the resonator at 
the same point. The amplifier has a resistive input impedance of 
200 n; measurements of the input circuit impedance and Q should 
take account of this amplifier loading. A more detailed considera
tion of loading shows that the 200 n is a reasonable value for 
our purposes which require a balance between resistive and shot
effect signal-to-noise ratio and instantaneous bandwidth. If the 
instantaneous bandwidth is too narrow, the detuning effects of 
slight mechanical- noise predominate. The Q of the input circuit 
alone, (including the 3A/2 line and a typical room temperature 
sample coil) with the 200 n amplifier load disconnected, is as 
follows: . 

Resonant Varactor "Input Tuning" 
Frequency; Voltage Q .... Dial Setting 

77,970.3 12.00 200.0 79 
78,222.7 15.00 203.8 79 
78,417.1 18.00 205.0 79 
78,563.7 21.00 206.5 79 
78,721. 9 25.00 207.8 79 
78,880.0 30.00 208.0 79 

At the time these measurements were made, a particular 3A/2 line. 
was available consisting of six feet of stainless steel and the 
balance of Andrew FH4. At room temperature, the Q of this 3A/2 
line, the tuning capacitor and the target coil alone (i.e., the 
input circuit without the varactor tuned-quarter wave resonator) 
is approximately 182 and constant for frequencies from 78 to 79 MHz. 
A calculation using the above data shows that the shunt impedance 
introduced across the input circuit by the A/4 tuner varies from 
28 kn to 80 kn as the frequency of the input circuit is tuned 
from 78 to 79 MHz, although it should be noted that the calculation 
involves taking small differences between fairly large numbers. 
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D. Frequency Tracking Circuitry 

The Thyrite shaping network and frequency tracking circuit con
verts a 0 to -8 V signal at its input, pp-6 t to two output voltages 
which, when one voltage is applied to the oscillator tuning varactors 
~~d the other voltage is applied to the input circuit tuning 
varactors, cause the oscillator frequency and resonant peak of the 
input circuit to track over the 78 to 79 MHz swept frequency range 
of the system. When the system is tUned as outlined in section 
VIII~B the error in tracking over the full operating range is< :10 kHz. 
A typical tracking error curve is given in VIII-B, the exact shape 
of which depends upon the rf amplifier gaip selector switch 
position (there is a slight change in reactive loading of the 
input circuit and hence a change in tuning characteristics of the 
input circuit from one gain switch position to another). A table 
of oscillator frequency vs. "Frequency Sweep" voltage is given in 
section XII-A-2. 

The schematic diagram of the frequency tracking circuit is 10X1260-S4. 
The circuit is housed in a 2-3/4 inch by 5-1/4 inch by 10 inch 
module labeled "Frequency Sweep" which plugs into the front panel 
of the "Proton Spin Resonance Oscillator-Amplifier" chassis. The 
circuit consists of a Zeltex Model 143 Operational Amplifier and 
two non-linear voltage divider shaping circuits. The voltage gain 
of the amplifier, as connected in the circuit, is -6.456. The 
circuit input impedance is 4.22 kr!. The amplifier therefore operates 
over its 0 to +50 volts range when a 0 to -10 V signal from a 1 kn 
source impedance (such as provided from the output of Digital 
Equipment Corporation, Series At Digital-to-Analog Converters) is 
applied to its input. The D-A converter should be programmed to.. .. 
deliverTto-e:n-operi-circuit 5.22/4.22 of the v~lt.e.ge desired at. PP':'-~...!-c-~~:~~-' 

The Oto +50 V.6utput,from the Zeltex amplifier is connected across 
the two non-linear VOltage dividers. The non-linear element in 
each divider is a series-connected selected pair of GE Thyrite 
Varistors. Material No. 65D-5010. The Thyrite(see section XIV, 
Appendix It Glossary, "Thyrite'n 9 which exhibits a decrease in 
resistance as voltage across it is increased, is placed in the 
divider so that the slope of the varactor sweep voltage increases 
with increasing input sweep voltage. The amount of slope is such 
that the capacitance of the tuning varactors, and hence the fre-
quency of the system over the present range, increases nearly 
linearly with input voltage (i,e., 6C/6V for the varactor capaci-
tance decreases as the applied reverse voltage across the varactors 
increases). One divider generates the oscillator varactor sweep 
voltage (0 to +19.8 V) and the other divider generates the input 
'circuit varactor sweep voltage (0 to 23.9 V). These voltages are 
monitored at the front panel meter labeled "Varactor Sweep Voltage" •. 
A fixed bias voltage which is adjusted at the time the system is 
tuned, is added in series with each of the output sweep voltages 
(see section VIII-B). The fixed bias supplies are located in 
the power supply chassis at the top of the rack. Access to their 
adjustment is obtained by sliding the chassis forward seven inches 
and removing the panel labeled "Varactor Fixed-Bias Supplies" from 
under the right-hand side of the chassis. Monitor meter and switch 
for the fixed bias are located at the lower right-hand side of the 
power supply panel. 
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§l!eed .. of ,R,esEon!!,: 

The 10% to 90% step response of the circuit, judging from CRT 
waveforms of the voltage, is approximately 2 ~sec. This limitation 
is basically caused by the speed of the Zeltex operational amplifier, 
which has a slewing rate of 7 V/~sec, and/or a large signal band
width of 25 kHz. The settling time for the varactor voltage to 
come to within 1% of its final value is 10 ~sec. Reduction of 
the settling time to ~ 1 ~sec could be obtained readily if a 
faster operational amplifier were available to supply 50 V at 50 rnA 
across the dividers. At the expense of more effort, further 
reduction in response time to fractions of an rf cycle is possible. 

Drift: 
...... Aul]to&dI 

The resistance of the Thyrite varistors used in the dividers is 
temperature sensitive as well as voltage sensitive. 

Typically, at the middle of the divider operating range. the 
voltage to the varactors ihcreases by 0.03%/oC (which corresponds 
to a 200 HZ/oC increase in the oscillator frequency) for ambient 
temperatures between 25°C and 50°C. At the high end of the 
divider operating range (50 V) the temperature variation of 
varactor,; voltage due to Thyrite temperature variations is grea.ter, 
bt,lt 6C/6V for the varactor diodes varies less rapidly. At the 
low end of the sweep range;, where the only voltage applied across 
the varactors is the fixed bias supply, the ratio 6C/6V for the 
varactors is larger, but the fixed bias supply variations are 
O.Ol%/oC. The result is that the frequency vs. temperature 
variation caused by the tracking circuit remains nearly 200 Hz/oC 

. over the circuit operating range. 

In addition to the short-term settling time mentioned, there is.a 
long-term drift caused by self-heating of the Thyrite material 
when voltage is applied a~ross it •. Stepping fr~m 0 V to a full 
range jump of -8 V, a frequency drift of 2 kHz occurs because of 
the self-heating. The thermal time constant of the drift is 
about 1 kHz/minute. This effect, although negligible for the pro
posed jump system of sitting at 78 MHz! (0 V into sweep circuit) 
and jumping through the range to sample at a number of frequencies 
up to 79 MHz in a 100 msec sampling interval. should be kept in 
mind if slower frequency sweeps are used. 

E. RF Amplifier and Linear Detector: Gain Stability 

The rf target signal is amplified to a level suitable for linear 
detection by a wide-band distributed amplifier with an input 
impedance of 200 n. Portions of this amplifier are adaptations of 
the commercially available Hewlett-Packard Model 460A. A 200 n 
transmission line connects the amplifier input to the input 
circuit high impedance point located at the front panel "Target 
Input" connection. Two rf amplifier sections are used to cover 
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the twenty-to-one gain range in five steps. The appropri'ate gain 
is selected by a front panel switch labeled RF Gain: 5, 10, 25, 
50, and 100. 

Use of t",he Am;pli.fier as a Ca.li brated .Y..<?l~meter: 

The gain number indicated at any setting is approximately the 
dc detector level divided by the rms rf level at the front panel 
"Target Input" connector. A table of the detected dc level vs. 
rms input at the target connector is given in section VII-C for 
each gain position. 

Gain Swi tchins apd. ,Gain Stabili tx.: 

In order to understand the gain switching (and the gain stabiliza
tion discussion) the reader should recall that the transconductance 
of a thermionic vacuum tube is proportional to the cathode 
current. Therefore, one can change gain by changing cathode 
current, or conversely, to stabilize gain, the current must be 
stabili zed. 

Gain selection over the present range of the amplifier is 
accomplished with a set of ganged selector switches by: a) 
Adjusting the total plate current operating level in the amplifier; 
b) by-passing one amplifier section, in, the 5 and 10 gain posi
tions. The first amplifier section remains on with itsrf input 
and output shorted. The first amplifier section is therefore up 
to temperature and gain stable if one wants to switch to the 25, 
50, or 100 positions after running for a length of time with a 
5 or 10 gain. The individual gains of the two amplifier sections 
are adjusted by selecting the proper plate- supply current at 
each gain setting to give the desired overall gain. 

The rf gain of the amplifier is maintained constant by a feedback 
control circuit which maintains the sum of the plate and screen 
currents in the two amplifier sections constant, and by proper 
regulation of the B+ and filament power supplies. Long-term rf 
gain v.~riation of the System ,1260 is ~ g,~;05% over a 72-hour inter-, 
val following a 24-hour warm-up period of the rack. A chart 
recording of the gain variation, as well as a typed output from 
the VTF converter at }5-minute intervals, is available in the 
"Syst:enkl260~Measurem~nts"Log Book." 

The feedback control circuit which selects and stabilizes the rf 
amplifier total anode current plus screen current consists of 
four individual rfamplifier sections in parallel, a B+ current 
monitoring resistor which develops a feedback voltage proportional 
to ,the total B+ supply current, and a differential amplifier 
(LED 15100) which compares the feedback voltage with a reference 
voltage Zener diode, Any error signal from the LED 15100 ampli
fier is applied to the amplifier grid lines to readjust the bias. 
thereby maintaining the total current through the four amplifiers 
constant. which provides a first order correction in the overall 
rf gain as incremental changes occur in individual tube gains. 
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To determine the power supply voltage regulation required for a 
given specified allowable gain variation in the rf amplifier, 
it is convenient to assign a supply sensitivity factor (SSF) to 
each supply voltage in the same manner as 'was done for the 
oscillator (see VI-B). In the case of the amplifier, the SSF 
is defined by: 

SSF !::.G/G 
= !::.v7v 

where G is the rf gain of th~ amplifier and V is the supply 
voltage with all other supply voltages held constant. The gain 
of the rf amplifier. for a constant rf input, is porportional to 
the dc level at the detector output. G and !::.G are therefore 
measured as the dc level and changes in the dc level at the-l...Y 
detector output. The SSF includes changes in the detector out
put arising from the supply voltage changes in the ~15.8 V and 
+16.9 V sources when appropriate. See schematic 10X1260-S3 for 
details of how these supply voltages Crul affect the detector 
output. The following chart gives the SSF's for the amplifier. 

RF AMPLIFIER SSF TABULATION 

Power Supply +116 V +18 V -18 V 6.3 V Fil. -9 V Ref.' 

-
SSF -0.663 -0.024 +0.400 +0.99 

RF_G~in ~art~~on with FrequenpL: 

From 78 to 79 MHz the rf gain decreases by approximately 2% for 
each amplifier section (two amplifier decks). The resulting 
change in slope of the dc level at the detector vs. frequency 
should be kept in mind when gain changes are made between the 
XIO and X25 position. It would be straightforward to provide 
(from one of the switch decks) a remote indication of the position of 
the gain switch, permi ttingthe slope correction to be entered' into 
the computer automatically. 

The output of the rf amplifier is coupled through a double-tuned 
bandpass filter to a linear detector. The double-tuned circuit 
provides a 3 to 1 voltage step up. 'l'he circuit has a maximally 
flat magnitude response with 3 db roll off at 71 MHz and 85 MHz.~ 
In actual practice, and as delivered, the circuit is tuned to 

* E.~'S. Kuh, D. O. Pederson, "Principles of Circuit Synthesis", 
McGraw-Hill, 1959. 
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give a slight positive .slope (""1% with 1/2 amplifier section in 
place) of the detected dc level with frequency over the operating 
range .( see "System :1260 !'1ea,surements· LOg Eook" 1. _ As adjusted, the 
amplifier plus double-tuned circuit provides a 1% increase in 
detected amplitude in the X5 and X10 gain positions and al% 
decrease in the detected output in the 25. 50, and 100 gain posi
tions over the frequency range from 78 to 79 MHz. 

Linear Detector: ,,-

The rf output from the tuned circuit is rectified by a peak
detecting voltage doubler employing hot~carrier diodes. A 10 V 
peak-peak rf signal at the detector gives -10 V de full seale 
at the output of an RC filter. The filter has nearly a single 
pole amplitude response which is 3 db down at 100 kHz. For 
step response changes in the rf level, the single time constant 
amplitude response of the detector is 3.2 usec and 4.8 usec, 
respectively, for increased and decreased rf amplitude steps. 

A 10 tol. 00 voltage divider (of carefully chosen resistors for 
stability) reduces the -10 V full-scale detector output to -1 V 
F.S. making the signal at the "Detector Output" connector on the 
System 1260 front panel compatible with the highest full scale 
input range of the Dym~c 22l2-A Voltage-to-Frequency converter. 

Amplifi2.,r NO,is.e: 

Above 1 kHz the detected noise spectrum from the amplifier is 
nearly flat. An HP, Model 310A, Wave Analyser in conjunction 
with the Tektronix lA7 plug-in was used to measure the detected 
noise spectrum from 200 Hz to 100 kHz •. Above 100 kHz, the 
detector RC time-constant introduces a roll-off in the response 

. as noted above. The noise level varies .Tith gain setting, but 
is independent of the rf level within anyone gain position. 
The noise level referred to the 1 V output is 0.56 vV, 0.74 uV, 
1.36 uV, 2.4 UV, and 3.6 uV per 200 Hz B.W. at an 8 kHz center 
frequency for the respective X5, 10, 25. 50, and 100 gain settings 
of the amplifier. The measured noise levels are approximately 
two times that generated thermally by the room temperature. 200 n 
terminating resistor on the input amplifier grid line. Low-frequency 
shot noise caused by plate current fluctuations which modulate 
the amplifier gain (1 Hz to 1 kHz) is estimated to be < 0.16 uV/200 Hz 
B.W. at the 1 V detector tap at an 8 V rf level. The shot noise is 
nearly the same at each gain setting, but proportional to the rf 
level out of the amplifier. For curves of the rf amplifier noise 
measurements see the "Sys.tem 1260 1-1easurements Log Book." 

F. Voltage-to-Frequency Converter, Dymec 22l2-A - See Section VII-F, 
VIII-C-5, XII-B and Appendix G, which is the manufacturer's brochure. 



'. 

. I'"~ 

II. 

III. 

-19-

AC POWER REQUIREMENT. 

A. Tabulation 

AC Line Voltage, 
Volts rns at 60 Hz 110 115 ·118 120 125 .. 

AC Line Current, Amps rms 3.00 3.06 3.10 3.14 3.25 
AC VA ' 330 352 366 311 406. 

AC Watts 214 286 294 291 312 

PO"'er Factor = Watts 
.830 .812 • 804 .189 .768 • VA 

LINE FILTER 

A. Schematic - see sectionXIII-C, dra",ing 10X1260-S9 

B. Series Resistance: Total round-trip dc resistance = 26.5 milliohms 

C. Shunt Capacitance: ac line capacitance = 0.41 uF to rack at 1 kHz 

D. Shunt Resistance: 

Volts de 

Leakage Current 

DC Voltage Bet",een 
AC Line and Rack 

200 

.01 IJA 

300 

.11 IJA 

·:400 ... ;500 

.25 uA .28 IJA 

E •. Attenuation vs. Frequency Graph:- see pa.ge 20, 10X1260-Tl 

IV. AC POWER DISTRIBUTION WITHIN THE RACK 

A. Schematic 

Shield 
PLUG STRIP 

= - - -;.r; - ~-;r: - -. -,;:; - ~-g 

. Cannon 3 Pin 
RGK-M3-24C-l/2 

B 
A 

.~ 

Amphenol 3 Pin 
MS-3108B-14s-1P 

A 

C 

.: .. ' 



Vo 

TRANSMITTED 
., VOLTAGE 

I KHz 

i 

10-3 

10-4 

10-5 

IOMHz 

10 KHz 

100 MHz 

100 KHz 

1000 MHz 

FREQUENCY 

-20-
10 MHz 

I 

-! 
XBL 677-4210 
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B. There ;·is a total of seven ac outlets on the plug strip internal 
to the rack: 

Five standard, two prong and ground pin. plus 
two Amphenol, three pin connec~ors. 

Even if there appear to be spare outlets within the rack, not~ing 
should ever be plugged into them except for equipment that is 
part of the total rack complement. If this rule is violated, the 
shielding will suffer,and noise pickup will appear. 

V. INTERCONNECTIONS TO OTHER APPARATUS 

A. Connection to Target: Use the correct length of Andrew 50 n cable, 
type FH4 (Foam Heliax). The Heliax and the stainless steel line 
make a 3A/2 line. The 3A/2 is necessary in order for the Varactor 
tuning to track properly. The Heliax cable is required in order 
to have proper shielding. (Ordinary rf cable with its braid 
makes a relatively poor shield against outside disturbance.) 
Figure ELEC-4219 shows FH4 Heliax. 

B. Interconnection Panel and Patch Panel: There is a rear panel 
labeled INTERCONNECTION PANEL at the bottom rear of the rack. 
The INTERCONNECTION PANEL has art ac input connector and six type 
N connectors, labeled 1 to 6. To preserve the Gaussian enclosure 
shielding concept, all cables with the sole exception of the 
Heliax cable to the~rg;t must emanate from the INTERCONNECTION 
PANEL. Note: Jumper cable~om chassis-to-chassis or from 
point~to-point on the front panels are permissible. Cables from 
the front panel area to other apparatus are not permissible. 

The six type N connectors from the INTERCONNECTION PANEL lead to 
the PATCH PANEL at the front of the rack. The PATCH PANEL con
tains seven type N connectors, labeled 1 to 7. The group 1 to 6 
corresponds exactly to the six connectors on the INTERCONNECTION 
PANEL. Cable functions are labeled on the PATCH PANEL. Cables 
#1, #2, ~~d #5 are spare connections to allow for future expansion. 
Cable lengths between INTERCONNECTION PANEL and PATCH PANEL are 
each 5 feet of RGF-55/U-7B (double shielded, 53.5 ohm Z coax). , 0 

VI. POWER SUPPLIES AND INDICATORS 

A. Indicators and Powe%" Supply Monitoring: 

,1. The "117 V ac" neon lamp is lit when powe%" is ort the plug 
strip, the power supply cord is plugged in and 117 V ac 
appears on TSI and 2. 

2. The Trygon 110 V supply powers the oscillator 40 V %"efe%"ence 
diode and lights a neon lamp~ "+100 V". 

. , , 
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3. The LRL :75 V supply powers the Zeltex amplifier in the 
sweep circuit and lights two neon lamps "+75 V" and "-75 V". 

4. The two Power Designs supplies power the rfamplifier gain 
control circuit plus the two 10 V regulators 'in the oscillator 
and the red lights "+18 V" and "-18 V". 

5. The Power Designs, Model 2050, supply powers the 24-5654 
filaments and lights a green lamp "AMPL FIL 12 V". 

6. The Sorensen 12 V supply powers the 7077 filament and lights 
a green lamp "7077 FIL 12 V". 

7. Five of the SRC supplies (in series) power the amplifier B+. 
A meter on the power supply panel monitors their voltage. 

8. Two SRC supplies provide approximately +12.5 V for the fixed 
varactor bias to the oscillator and input varactor circuits 
located in the Thyrite/varactor sweep circuit. A front panel 
meter and switch are used to monitor their voltage. 

A tabulation of the power supplies t their monitors, and functions" 
appears in the charts on pages 23 and 24. 

B. Precision Voltage Regulators 

§2.E!>.:!Z Sensi.ti.v.i.ty Fact,ors: 
" ~ 

Variation of any of the separate dc supply voltages to the oscilla
tor section of the System 1260 produces an unwanted change in the 
amplitude of the 78 I~z rf signal. To each of the input ports 
of the oscillator we can give a dimensionless constant defined 
as the supply sensitivity factor (SSF) where! 

6.Vrf/Vrf 
SSF = 6.V/V 

: Vrf :: output rf voltage amplitude 
, . 

/ 

V :: supply voltage, with all other supply voltages held 
constant. 

The terms ~Vrf and ~V are small,changes of Vrf and V, respectively, 
( 

around their intended operation points. 

In the tabUlations, below, the SSF's are for dc or slow voltage 
changes unless specified otherwise. The dc SSF's are considered 
the basic ones, since it is possible to evaluate the ac or 
transient SSF's if there are filter networks in combination with 
the system. With these numbers, the designer ,can put realistic 
specifications on the system power supplies. Obviously, where 
design permits, the designer should pick circuits having minimum 
SSF's. 

. ~ '. ~ 
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POWER SUPPLIES - INDICATORS AND HONITORING 

OPERATING 

DEVICE INDICATOR TYPE POWER SUPPLY VOLTAGE 

POHERED AND LABEL' TYPE 

.M ain Rack lL7.V;.60~;Hz Neon Lamp 117 V, 60 HzPowei' .Lines 100-125 
Lt TS 1 & 2 117 VAC Volts ac 

-

Oscillator + 40 V Neon Lamp Trygon 100.0 

Reference Diodes + 100 V PSI00-200F 
90-100 V dc @ 0.2 A 

Zeltex Amplifier Neon Lamp' UCLRL 10X1260-S6 +74.55 

in Frequency Sweep + 75 V ± 75 V @ 75 rnA 
Circuit Neon Lamp -76,09 

._- .75V· 

RF Amplifier Gain Red Lamp POi-ter Designs 
+18.02 

Control Circuit + 18 V LRL-98-27 (1834-D) 
10,5-18.5 V de @ 1 .A 

~. ,_ ,--.-J"., ____ ._~'.,' ~T.:. 

10' V Regulator & 
Red Lamp POVler Designs 

-18.03 -10 V Regulator for LRL-98-27 (1834-D) 
Oscillator .;. 18 V 

10,5-18.5 V de @ 1 A 

RF Amplifier 6.3 V Greeri Lamp Power Designs 17.48 

Filament Supply Ampl. Fil. Mod. 2050 
12 V* 1-20 V dc @ 5 A 

Oscillator Amolitude 
Green Lamp 12.02 Detector (7077) Sorensen QM 12.0-0.32 

6.3 Voltr Filament, 7077 Fil. 12V 12 V dc @ 0 ~ 32 A 
' .. 

LOAD 
CURRENT 

3-3.25 A 

23.5 rnA 

31.0-57 rnA 

22.5-24 rnA 

260 rnA 

190 rnA 

4.20 A 

255 rnA 

WJll'IeZ~:xt.t'.tIM:W:: .a Q 

REGULATION 
% TEl1P,COEFF. 

-

0,02 

1.0 

0.1 

0.1 

0.05 

0.05 

% PER °C 
ttl:::c::xtt:I:!C'iIcC,I'Ll!l 

-
~ 

0.02 

n.;ak&a::b4 

0.1 

0.01 

0,01 

-
.. 

.... 

.-

I 
10: 
tiJ. 

; 

-

--
0.03 



p,OWER SUPPLIES - INDICATORS AND MONITORING (Cont'd.) 

OPERATING REGULA T ION 

DEVICE INDICATOR TYPE POWER SUPPLY VOLTAGE LOAD 
POWERED AND LABEL TYPE CURRENT 

RF. Amplifier 
100 ~A Meter Systems Research Corp. 23.2 ea. 
Amp1 •. Anode Volt. 5 ea. Mod. 9244' 116.0 112/115/ B+ F.S. 125 V 4-25 V de @ 200 rnA 200 mA 

Os ci llator Varaetor 
. - Systems Research Corp •. 

Swi tch + 100~A Mod. 9244 12. 44~H: 
Fixed Bias ·t1eter Varaetor 1}-25 V dc @ 200 rnA .. -

Fixed Bias 

Input Varactor Circuit F. S. = 25 V Systems Research Corp. 
Mod. 9244 11.5/.iH: 

Fixed Bias 
.' 4-25 V dc @ 200 rnA - -

- -.-'--~--.---~- ----

* During the design of the system. this supply was changed from 12 V to 17 V. The' 12'CLab'el::~rr:th€ frol'it 
panel was left to avoid refinishing the panel. 

** Exact voltage depends upon system tracking adjustments (see VIII-A). 

", 
~.-

) 

% TEMP.COEFF. 
% PER °C . 

0.02 
0.01 

0.02 
0.01 

0.02 
------~~~~-

I 
I'V 
'~ 
:1; 
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The following tabulation gives the SSF's for the four basic 
supplies to the oscillator. 

Oscillator Section SSF Tabulation 

Basic +10 -10 +40 7077 
Voltage Filament 

SSF -0.025 +0.0125 +1 -0.062 . ,' .. 

The following tabulation shows the circuit points powered by 
each supply.·· 

Supply 

+10 

-10 

+40 

7077 
Filament 

Circuit Points 

1. 2N3137 (OSC) Collector 
2. 2N2608 (FET) Source 
3. 2N22l8 (emitter follower) collector 

(through a voltage divider) 

1. 2N2608 (FET) drain 
2. 2N3l37 and 2N22l8 emitter return· 

(through a current limiting resistor) 

1. 7077 cathode reference 
2. ,7077 anode 

1. 7077 filament 

As seen on the SSF chart, a) the amplitude stability of the 
79 MHz rf signal is no better than the voltage reference in 
the amplitude regulating loop and, b) any supply voltage ' 
fluctuations to the various stages of the regulating loop 
will cause some unwanted variation of rf signal amplitude. 

Three voltage regulators have therefore been placed in the 
system. These are, a) the +10 V regulator, b) the -10 V 
regulator,and c) the oscillator +40 V reference zeners. 

:, .. i< .\:: . 

The chart on page 26 lis~s some characteristics of the precision 
regulators. 



-26-

STABILIZATION OPERATING P-P 
REGULATOR TYPE FACTOR VOLTAGE TEMP.COEFF. RIPPLE 

LOAn CURRENT AND 
NOrSE 

Zener String: 
39.429 volts <1 ~V 

8 series-connecte~ 304 at room temp. measured as 
IN936A followed by +3.5 parts 
three IN940 and per million 
one IN946 series- .. " .40 nA per °c 20 llV 
connected* 

+10. 026 volt~ <2 
Negative-feedback 29.2 5 parts per 
series regulator 16.6-18.1 rnA million per 4 

°c ** 

-9.948 ,volts 2 parts per <2 
Negative-feedback 15.6 million per 
series-regulator 25.6 rnA °c ** 4 

* The measur.ed impedance of the 4 series-connected Zener diodes in 
the last stage of the regulator is 81.4 n. 

** TC of reference zeners taken from manufacturers' data. 

C. List of Power Supply and Interconnection Schematics and Their 
Drawing NU1'llbers 

1. System 1260 Power Supply 
Note: This chassis is actually a collection of, 

several smaller supplies. In fact, it 
includes ali except the plus and minus 
10 V supply. 

2. System 1260 Overall Power Supply Interconnection 
Schematic 

3. System 1260 +75 V and -75 V Power Supply for 
Zeltex Amplifier, Schematic 

10X126o-S2 '. 

10X1260-s6 

4. System 1260 RF Rack Block Diagram 10X1260.B2 

5. System 1260 +10 V and -10 V Precision Voltage 10X1260.S5 
Regulator and Junction Box. Schematic 

6. System 1260 Modified Heat Sink for SCR Model 3566 10X1260.Ml 
DC Power Supply 

\JV 

~V 

~V 

\.IV 

, , 
1 -

i 
I 
! 
I 
I 

I 
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The drawings listed on page 26 are collected in section XIII and 
their numbering system is discussed. For schematics of all other 
supplies, see the individual manufacturer's bulletins. Portions 
of these bulletins are included. in this manual as Appendices A to E. 

D. Physical Locations of Power Supplies in the Rack 

1. All power supplies except the +10 and ~lO volt supplies are 
in the top of the rack (see Figure XBB674-1859). The +10 and 
-10 volt supplies are mounted on the back of the OSCILLATOR-. 
AMPLIFIER chassis t which is at the bottom o£ the rack. The 
+10 V supplies can be seen in Figure ELEC-4222 as a vertical 
aluminum box directly behind the 117 V ac input and line 
filter package. 
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VII. SYSTEJ-1 FUNCTIONS 

A. Varactor-Tuned Oscillator and/Frequency Range 

There is one operating control and one input connector associated 
with the oscillator: "RF Excitation to Target Coil", and "Fre ... 
quency Sweep Input" for frequency control. (Part B of this sec
tion describes the attenuator which adjusts rf excitation and 
detuning due to variations in its setting ~) With the "rf excitation" 
dial set at 100 the table, Section XII-A-2, presents the oscillator 
frequency as a function of Frequency Sweep Voltage. 

B. Adjustable Reactive Coupling of RF Energy to Target - The Wave
guide-Beyond-Cutoff Attenuator 

The oscillator voltage amplitude in the resonator cavity is 
fixed by the Zener diode reference source. A capacitive 
attenuator (dial labeled "RF Excitation to Target Coil" on the 
front panel) controls the rf drive to the target coil. 

This attenuator is constructed as follows: 

Between the outer diameters of the oscillator cavity and the 
amplifier input tuner cavity, there is a circular hole whose 
axis intersects both center conducto~ axes. A variable vane in 
this opening controls the aperture through which one center 
conductor "sees" the other. See Mechanical Drawing 10X1260-Al. 
In this way, one controls the capacitive coupling from the 
oscillator to the amplifier input tuner. The following graph on 
page 31 shows the rf reactive current delivered to the center con
ductor of the amplifier input tuner as a function of the front
panel dial setting. See Appendix It Waveguide-Beyond-the-Cutoff 
Attenuator. 

N~~ •• .on sl.fght fresuency shift owing to changes in attenuator 
s e~..!:.i.n8..: 

In the present attenuator design. incremental changes in the center
conductor-to-center-conductor capacitance do not cancel out incre
mental changes in the respective center conductor-to-ground 
capacitances. Therefore, the resonant frequency of each cavity 
changes slightly with changes in the attenuator setting. The 
table on page 32 displays the oscillator frequency as a function 
of the front-panel dial setting for two different nominal oscillator 
frequencies (as determined by varactor voltage bias). 

c. Adjustable-Gain t Wide-Band Amplifier 
Caution: The gain knob is equipped with a locking lever. 

The desired rf gain is selected by a front panel knob labeled 
"RF Gain - 5, 10, 25, 50, 100". The number indicated at any 
setting is nearly the de voltage from theUdetector output -1 V 
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1.0 ~----~---'~---r----'-----r---~----~----~--~~---r----'-----T----'--' 

10-3 1----L----L---~---L----~--~--~----L---~--_+----L---~--_4--J 
o 20 40 60 80 100 120 140 160 180 o 20 40 

DIAL SETTING 

RF EXCITATION TO TARGET COIL 

RF Excitation Current introduced at System 1260 "Target Input" Connector. 
Note: This measurement was made at an rf frequency of 78.14 MHz. 

Maximum attenuation: ThAt. rf excitation is reduced to zero at the lower stop. 

60 

XBL 677-4028 
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"RF Excitation 
to Target Coil" 
Dial Setting 

12 

7 

0 

190 

180 

170 

160 

150 

140 

130 

120 

110 

100 

90 .. 
80 

70 

, 60 

50 

40 

,3O 

,20 

"\ 
10 .'.: 

. .":, . 

!" . 

Oscillator Frequency 
VS,. 

'''RF Exci tation'To Target Coil": 
dial setting with Fixed Varactor Volts V~a~ 

Osci,llator. 
Frequency t 
kHz, Varactor 
Bias 34.32 Volts 
(79.0HHz Nominal 

'Frequency) 

79,023.4 

79,022.9 

, 79,021.5 

"RF Excitation 
to .Target Coir' 
Dial Setting 

7 

0 

190 

180 

Oscillator 
Frequency, 
kHz .. Varactor 
Bias 12.23 Volts, 
(78.0~Hz Nominal ' ,'~' 
Freo uency) , ' . ~ 
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79,014.8 

79,010.4 

170 
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'. f ~ 
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full'scale" divided by the rms rf level at the "Target !nput" 
connector. The detected rf voltage is monitored by a meter 
labeled "RF Output Level". A tabulation of the above values 
for each gain setting appears in the following chart on page 
34 , "Detector Voltage vs. RFLevel at the Target Input Connector". 

When making gain changes with the selector switch, first release 
the shaft locking lever by turning it one-half turn counter
clockwise. Move the selector switch to the desired position and 
rock the switch back and forth slightly a few times to insure 
that it is centered in the detent. Relock the shaft by rotating " 
the locking lever clockwise and tighten. 

The total amplifier anode current is monitored and indicated by 
a front panel meter labeled "Amplifier Anode Current". The 
correct reading is 56 for 5 and 25 gain positions, 77.5 for the 
50 gain positions, and 100 for the 10 and 100 gain positions. 

RF iv!oni tor: ii!I' ..... 

A sample of the rf signal is taken from the terminating resistor 
in the plate-line of the last distributed amplifier section. The 
sample voltage is amplified bya buffer amplifier and appears 
for use as a frequency indication at the type N connector PP-3 
labeled "RF Monitor Freq Only". No effort was taken to preserve 
the amplitude or shape of the rf beyond that necessary to obtain 
a frequency measurement. The rf amplitude into a 50 fEline is 

'10 mV/lJA indication on the rf level meter. The "RF Monitor Freq 
Only" connector must be terminated with 50 n. 

D. Band-Limited Detector - See I-E. 

E. Voltage Divider Output to Voltage-to-FrequencyConverter - See 
I-E. 

F. Voltage-to-Frequency Converter Supplied by Dymec - See VIII-C-5,. 
XII-B and Appendix G. which.is the manufacturer's brochure. 

There is one control, a range switch, and three adjustments, 
+Cal and -Cal, 'for the VTF converter. Make sure the range switch 
is on the l··,V range when measuring the rf amplifier -1 V detector· 
output. The three adjustments are covered in section VIII-C~5. 

The·time required for the converter to settle to within 0.01% 
of its final pulse rate is 100 ~sec. (See specifications in 
Appendix G.) 
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Detector~Voltage 

vs. rf level at the 

"Target Input" Connector 

78.08 HHz 7S.97 MHz' . 
"Target Input" 

Level(mV':r f ) -
146 

118 
XS Ampl Gain 

77 

40.05 

108 

'84 

XI0 Ampl Gain 63.8 

43.5 

22·9 

33.5 

28.4 

21.3 

X25 Am? 1 Gain 14.3 

7.35 

3.9 

2.1 

17.9 

14.3 

X50 Ampl Gain 10.8 

7.2 

3.76 

11. 3 

9.0 

XI00 Ampl Gain 6.78 . 

4.60 

2.40 

Detected Output 
at -1 volt tap 

-0.7500 volts 

-0.600 

-0.400 

- 0.200 

-1.000 

.. 0.800 

- 0.600 

- 0.400 

- 0.200 

-1.000 

.. 0.800 

.. 0.600 

- 0.400 

.. 0.200 

.. 0.100 

.. O. 050 

.. 1.000 

.. 0.800 

0.600' 

0.400 

0.200 

1.000 

0.800 

- 0.600 

.. 0.400 

0.200 

'''Target In'put" 
Level(-mVe;rf) 
t_ ... 

155 

125 

81.5 

42.5 

115 

89 

67.5 

46.0 

23.4 

35.0 

29.5 

·22.2 

15.0 

7.7 

4~1 

2.2 

18.7 

15.0 

11.3 

7.55 

3.95 

11.9 

9.4, 

7.10 

4.80 

2.50 

Detected Output 
at -1 volt tap 

- 0.7733 volts 

-0.6175 

- 0.4113 

-0.2053 

-1.029 

.. 0.824 

- 0.617 

- 0.411 

- 0.205 

, -1. 020 

.. 0.819 

.. 0.615 

- 0.409 

.. 0.204 

.. 0.l02 

-0.051 

- 1.022 

- 0.817 

.. 0.612 

... 0.408 

- 0.204 

, .. 1.021 

.. 0.817 .. 
' " . . 

,- 0.612 

.. 0.407 

- 0.204 

'.~ . .... 
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VIII SYSTEM CALIBRATION NOTES 

A. List of suggested test instr~~ents. 

The following instr~~ents or their equivalent are necessary to 
check out or adjust System 1260. 

1. Tektronix 585 scope, Type 81 adapter with a Type lA7 Plug-in. 
Unit 

2. Kintel, Hodel 321, de Voltage Standard 

3. HeWlett-Packard, Model 5245L, Frequency Counter 

. 4. Hewlett-Packard, Model 5253B, 50 to 500 MHz Frequency 
Converter Plug-in Unit for 3 

5. Automatic typewriter readout system for 3 (e.g. Dymec Model 
2540 coupler and IBM typewriter) 

6. Exact, Model 250, Function Generator 

7. General Radio Unit R-COscillator, Type 1210-C 

8. John Fluke Differential Voltmeter, Model 825A 

9. Hewlett.Packard, Model 428A, Clip-on dc Milliammeter 

10. Hewlett.Packard, Model 412A, dc Vacuum Tube Voltmeter 

11. HeWlett-Packard, Model 211A. Sguare-wave Generator 

12. HeWlett-Packard, t-1odel 130A, Wave Analyzer 

13. Hewlett-Packard, Model 41lA, rf Millivoltmeter 

14. General Radio 50 .. 250 MHz Unit OsCillator, Type 12l5B 

15. Tektronix Type 567 Sampling Oscilloscope 

16. RCA, Model WV-84A, Ultra-Sensitive dc Microammeter 

17 • Triplett , !-1odel 630, VOM 

18. Weston, Model 430, de Ammeter 

The PDP-5 with 13 bit D/A Converter (2-A605, 2-A604, 2-A601, & 
A704) plus interfacing from the 5245L can perfonn routine 
testing when suitable algorit~ms are developed. thus for example 
5. becomes unnecessary and 2. only rarely needed when the 
computer is available. 
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B. Tuning Instructions 

1. Introduction 
I!'!I .. &ad*a ...... 

The energy from the oscillator is introduced to the target 
via an adjustable reactance (see VII-Bl. The desirable 
feature is that the resistive component of coupling (which 
introduces kT noise) is kept negligible. The undesirable 
feature is a slight detuning o~ the oscillator and input 
circuits each time the rf coupling is changed. In the case 
of zero sweep voltage to the frequency tracking circuits, 
the oscillator and the input circuit are each detuned by 
approximately 75 kHz when the rf excitation is varied through 
its useful range. The tuning procedure to be described takes 
proper account of the detuning effect to give correct tuning 
at any selected amplitude. 

Since one will naturally change the amount of rf energy 
introduced to the target coil each time one selects:' a. 
different amplifier gain'setting t it .is worth keeping the 
slight detuning effect of the corresponding rf coupling 
change in mind. 

Note: Once the Andrew cable is cut to the correct length, 
it does not have to be changed. It is not necessary to re
adjust the oscillator varactor fixed bias when making ampli
fier gain changes,{and subsequent rf level changes) once the 
lower oscillator frequency is adjusted according to section 
VIII-B-2. However, if the rf coupling is changed drastically, 
both the fine tuning capacitor and the varactor fixed bias 
voltage to the input tuned circuit should be adjusted, as 
outlined in section 3, to optimize tracking. 0Etim2ffi. tracking 
has the special feature that the system is least sensitive to 
vibration; i.e., the peak of a resonance curve {s flatter -
than the ~ide of a resonance curve. 

The tuning procedure is grouped into two sections. A coarse 
tuning adjustment (section VIII-B-2) sets the oscillator 
frequency range and brings the input circuit tuning into 
range so that the fine tuning adjustment (section VIII-B-3) 
can be accomplished directly. The fine tuning adjustment 
(section VIII-B-3) provides optimum tracking between the 
input tuned circuits and the oscillator. Fine tuning should 
be carried out whenever a large change is made in the rf 
energy level. (Example~ if a 20% change in rf amplitude is 
made t retuniilg.:.~ is advisable; if a change is made in the 
amplifier gain setting, retuning is necessary for optimum 
tracking.) With optimum tracking, the input tuned circuit is 
within 10 kHz of the oscillator frequency over the 1 MHz 
range. 
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a. Connect the input to the target with the correct length 
of Andrew 50 Q, 1/2 inch, foam Heliax cable. The Andrew 
cable plus the cable in the target vessel plus the front 
panel rf target connector must add up to be electrically 
3A/2 long at the center frequency of 78.5 MHz ;!:100 kHz in 
order to obtain optimum tracking. To establish the above 
condition, the Andre~ cable plus the cable in the target 
vessel must have an electrical length of 3A/2 at 79.1 MHz 
± 100 kHz., (The target input connector plus internal 
wiring to the A/4 tuning stub increases the electrical 
length by 1& 60 kHz.) To adjust the length of the Andrew 
cable proceed as follows: 

i) Measure the electrical length of the target cable 
(if not already known) as follows: Place an excellent 
short circuit at the far end (across the target coil) 
and tune an rf oscillator through a resistor for a 
voltage null (see suggested test diagram on page 38). 

There will be a voltage null at frequencies for which 
the length of line is an integral number of half wave
lengths long (i.e., A/2, At 3A/2, etc.). Using the 
null at one wavelength,., A, note the counter frequency 
to within 10 kHz and calculate the electrical length 
from A = v/f. Record this length on the target vessel 
connector for future use. 

ii) Using the known propagation velocity for Heliax cable, 
0.79 c, determine the added length of Andrew cable 
to make the total wavelength 3A/2 at 79.1 MHz ;!:100 kHz. 
A = v/f. 

iii) Retest as in step i) to demonstrate a null for the 
total cable system. If null is not within 100,;kHz, 
readjust the length of the Andrew cabte. When the 
null is within ± 100 kHz, the front panel tuning 
capacitor will handle further fine adjustments. 

b. Adjust the varaCtor fixed bias supplies to: 

i) Oscillator varactor fixed bias = 12.3 V (49 on 
power supply panel meter). 

ii) Input varactor fixed bias = 11.1 V (44 ~A on power 
supply panel meter). 

Note: One may bypass the steps in section VIII;"B-2 if the. 
tuning has been previously set and only the rf amplifier 
gain is changed. 
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HP 5245L 50-l00MHz 
Plug-in 
5253B 

Frequency Counter 

Modified 
Type "N" Tee 

lK Coaxially 
Mounted 
Resistor 

Tektronix 
Type P6034 
XIO Passive Probe 

Cable Under Test 

HP 41lA 
RF 

rHl1ivoltmeter 

Type N "Tee" 
Probe Tip 

~ Short With Cppper Strap 

Test Setup to Measure Target Cable Electrical Length 

Term 

XBL 677-4211 
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c. Select the desired amplifier gain. 

d. Adjust rf excitation for an on-scale reading of about 
70 on the "RF Output Level Meter". The intention of 
choosing the number 70 is that this level will be the 
mean level one aims for in actual operation. 

e. With 0 volts into the Frequency Sweep circuit. adjust 
the input tuning knob for a maximum reading on the "RF 
Output Level Meter". thereby tuning the input resonant 
circuit peak. to coincide with the oscillator frequency. 
Throughout the tuning process, adjust the rf excitation 
to maintain a rea.ding of 70 on the rf level meter. 

f. With 0 volts into the Frequency Sweep circuit, adjust 
the varactor fixed bias supply voltage until the oscillator 
frequency is 78.000 MHz ± 1 kHz. 

g. Increase Frequency Sweep voltage to -7.80 V. The oscillator 
frequency should increase to 79.00 MHz t 30 kHz. (See 
table below for closer specifications on tuning range.) 
Table a) represents the frequency spread if oscillator 
lower frequency is adjusted to 78.00 MHz for each ampli
fier gain setting. Table b) shows the frequency spread 
resulting if the oscillator lower frequency is adjusted 
for 78.000 MHz for zero volts into the sweep circuit on 
the X25 gain amplifier range and left for succeeding 
amplifier gain changes. 

"RF Excitation" Freq. for 0 Yolts into Freq. for -7.80 Volts 
Attn 'uS.ettin~ SweeE ,9"ircui,t_( MHz) into Sweep Circuit, (MHz l 

192 78.0005 79.0215 

143 78.0002 79.0019 

96 78.0005 78.9866 

70.5 78.0001 78.9814 

55 78.0006 78.9792 

Table a) Radio frequency level set for 70, and 0 volts frequency adjusted to 
78.000 MHz, for each. amplifier gain setting. 
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10 
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"RF Excitation"· 
Attn~ . Setting 

192 

143 

96 

70.5 

55 

1..40-. 

Freq. for 0 Volts. into, 
S:-reep Circuit'CHHz) 

78. 039~ 

78.0173 

78.0003 

77.9943 

77 .9918 

Freq. for-7.80 Volts 
into Sweep Circuit '(MHz) 

79.0279 

79.0045 

78.9864 

78.9802' 

78.9775 

Table b) Radio FreqUency level set to 70, and 0 volts frequency set to 
79.000 MHz, at 25X amplifier gain setting. Lower frequency 
falls as indicated for other amplifier gain settings. 

Unless it is desired that the oscillator lower frequency 
start at exactly 78.000 MHz (for 0 volts into the sweep 
circuit) it is not necessary to retune the oscillator 
varactor fixed bias voltage when making amplifier gain 
on rf level changes. Tracking within the 10 kHz limits 
will still occur without additional tuning. 

3. Fine 'l'uning AdJu,stment 

a. The following tuning method is useful to provide 
optimum frequency tracking between the oscillator and 
input resonant circuits of System 1260. Briefly, the 
system rf frequency is stepped by dc voltage steps 
into the frequency tracking circuit. An ac modulation 
voltage is superimposed upon the input tuned circuit 

.varactors thereby frequency modulating the input circuit 
with respect to the oscillator frequency. The rf 
amplitude at the input circuit varies as a function of 
the input circuit response curve, its center frequency 
and the amount the center frequency is modulated. The 
detected rf (from the -1 volt tap on the detector output) 
is observed in orde~ to determine the accuracy of 
tuning over the swept frequency band. The test diagram 
and detector waveforms shown on page 39 will be useful 
in the discussion. The instruments suggested for 
the test are included in the list VIII-A. 
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b. Set dc sweep input t9 -7.800 V. Tune GR oscillator 
to 10 kHz and increase its amplitude for a signal of 
100 l-lV p-p out of the detector. Adjust the "input 
tuning" capacitor for a peak in the resonance curve 
as evidenced by a second harmonic wave form from the 
detector (figure b on The Tuning Test Diagram, page 
42). Maintain a signal amplitude of 100 l-lVp-p 
during this and subsequent tuning steps. (This is 
because the tuning· curve is not perfectly symmetrical 
and a false peak of the resonance curve might be 
observed under 'large'signal conditions.) 

c. Set dc sweep input to -0.500 V. Adjust varactor 
fixed bias voltage so that input circuit resonance 
and oscillator frequency coincide (i.e., adjust for 
a second harmonic signal, figure b on The Tuning 
Test Diagram, page 42). The GR oscillator amplitude 
will have to be decreased to maintain the same amount' 
of frequency modulation and hence p-p detector signal 
(at 0.5 V into the frequency tracking circuit the 
slope of the oscillator frequency vs. varactor voltage 
curve is about 4.6 times steeper than for 7.8 V at 
the input tracking circuit input). 

d. Alternately repeat steps b. and c. until the oscillator 
and input resonant frequency track. at bothO.5:V 
and 7.5 V. 

e.The graph (page 43) shows a tracking error curve 
after the system has been adjusted in accordance 
with the above notes. The exact shape of the curve 
depends upon the rf gain position and target sample 
coil used in the system, but the curve is typical of 
what one obtains. The curve is sip;moidal with cross
overs (zero tracking error) at frequencies of 
......... 78.060 MHz, 78.425 MHz, and 79.0 MHz. Note that 
the tracking error is minimized near the center of 
the sweep range where. the polarized target resonance 
is expected to be located. In all cases tried so 
far, tracking error has not exceeded 10 kHz in 
'either direction. 
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C. Some Procedures for Isolating Faults - Trouble Shooting 

The following list of trouble shooting techniques is iritended 
to aid the users of System 1260 to systemmaticallyisolate 
suspected troubles should the system appear to operate unsatis
factorily. The overall rack of equipment should be considered 
as a set of separate entities for trouble shooting purposes. 
To this end, the RF Rack Block Diagram 10X1260 .. B2 (a copy of 
which is fastened to the rack by a chain) is referred to 
throughout this section. Examples of suitable instruments 
which may be used for the tests are referred to py their 
number: designation in section A above. The trouble shooting 
procedure is presented in such a way that several "blocks" are 
checked at one time. Simple, approximate checks are given in 
this section. Use them first, then advance to precision 
checking if the units pass the simple tests. 

Keep a log of any troubles which are encountered. This is 
for the benefit of the authors of this report who want to 
profit from field experience. A timer placed in the lower 
left-hand side of the rack indicates the total elapsed time 
the rack has been run since 5:00 PM, 3 .. 13-67. Record the 
time whenever a trouble is logged. The timer can be read 
through the slit in the rack door. 

1. Power Supply Checks 

The rack is plugged.·' .. in and the line filter, power supplies, 
and power supply monitors are operating if the power supply 
and monitor lights are on and panel meters are indicating 
as printed on the front panel near the appropriate meter. 
See VI-A for a chart of the power supply indicators and 
the supplies that power them. 

Regulation: 

To check that power supplies are at normal operating 
voltage and regUlating properly plug the rack into a 
variac 'and adjust the line voltage for 115 Vac. Using a 
differential voltmeter, (instrument 8) and a clip-on 
milliammeter (instrument 9) measure each power supply voltage 
and current for line voltages of 105, 115, and 125 Vac. 
Each power supply voltage load current and regulation 
specification is given on the Power Supplies - Indicators 
and Monitoring Chart, Section VI-A. Each supply voltage 
and its variation with line voltage is listed in the "system 
1260 Measurements Log Book." 
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. 'Slide';'out 'Fea.ture of Power Supply: 

The voltage and current for the +18, -18, 12, and 100 volt 
supplies can be measured at TS-l (see lOX1260-S2) which 
can be reached from the front of the rack by pulling 
forward the power supply chassis on its slide-out rails. 

Voltage and current for the +75 and -75 volt supplies can 
be measured at PG-l of the Frequency Tracking Circuit 
(lOX1260-S4). Unfasten the plug-in chassis (labeled 
"Frequency Sweep") from the "Oscillator-Amplifier" panel 
and slide the chassis forward to clear the front panel. 
Remove chassis side covers. See lOX126o-s4 for power 
supply pin connections. The lower supply currents indicated 
on the schematic are for 0 volts at the circuit sweep input, 
the upper current is for -8 volts sweep input. 

Amplifier Filament Power Supply: 

The Power Designs -17 V Model 2050 voltage and current can 
be measured at the 1.6 n resistor mounted at the upper right
rear of the rack. It must be reached through the rear door 
of the rack. The voltages at the two ends of the resistor 
are labeled 17 V and 6.3 V; they should measure 17.3 V 
and 6.48 V. (The filament voltage measured a.t the 1.6 n 
resistor is greater than the voltage at PG-2 pin A on 
lOX126o-S3 by~O.l volt due to the resistive voltage drop 
in the Wiring.) The lead on the 6.3 V bus can be lifted 
and an ammeter (instrument 18) inserted in series to 
measure. the current. Use short heavy (#12 wire) leads 
and tight connections to,avoid adding significant resistance 
to the circuit. Deviation from the 4.20 amp current 
indicates possible tube filament burn out (if it is low 
by ~4%), an incorrect 17 volt power supply setting, or 
1.6 n resistor value shift. (Check by measuring the 6.3 V 
terminal leading to the amplifier to see that the voltage 
has not dropped enough with the meter in place to decrease 
the filament current.) 

Amplifier B+ Su~ply: 

The voltage of the 5 series-connected SRC supplies and the 
two individual SRC supplies can be measured to within 2% 
with the two meters located on the power supply front 
panel. Or, if the supplies are suspected of giving trouble, 
a more accurate reading can be obtained at PG-8 and/or PG-9 
on lOX126o-S2 by removing the cover plates located under the 
power supply chassis. (With the chassis pulled forward.) 
The load current for the 5-SRC supplies depends upon the 
rf amplifier gain setting. The current' is monitored by 
the "AMPL Anode Current" meter on· the Oscillator-Amplifier 
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. . 
chassis. Tabulated anode current values and resulting 
plate current meter readings are indicated for each rf 
amplifier gain setting on 10X1260-S3, which also indicates 
the amplifier B+ voltage (measured at PG-2 pin F·to~ground). 
The B+ voltage measured from pin F·,toground differs from the 
116 volts measured at the 5-SRC supplies in the power supply 
chassis by the voltage drop across the B+ current monitor 
and the resistance of the B+ supply filter inductor. The 
B+-to-ground voltage can be measured at the power supply 
chassis by measuring from pin A on PG-8 to chassis ground. 

Varact~! Fixed-Bias Supplies: 

Load currents for the two individual SRC supplies are on 
the order of 10-9 amps, the leakage current of the tuning 
varactors in either the oscillator tuner or the input 
circuit tuner as the case may be. Measurement of this 
current can be deferred unless troubles are suspected in 
either the oscillator or input tuned circuit fre~uency 
sweep range. 

2. Oscillator rf Amplitude 

See that the oscillator amplitude control loop is within its 
operating range. It is in range if the "Oscillator Amplitude" 
front panel meter on 10X1260.Pl reads within the ranges 
indicated by the meter switch with 0 to -8 V inputs to the 
"Fre~uency Sweep" tracking circuit input. Use the dc voltage 
standard (instrument 2) or the PDP·5 to step the sweep 
volta.ge. If the "Oscillator Amplitude" meter reads out of 
the indicated range, check to see tha.t the voltage at the 
oscillator varactorbias input (a type Nconnector labeled 
"Osc Var Voltage" located at the lower left of the Osc as 
viewed from the back of the rack) is between 12.0 volts 
and 35 volts. The 50 n cable that connects from the 
Fre~uency Tracking circuit, "Osc Var," output to the 
oscillator can be reached by sliding the "Fre~uency Sweep" 
chassis. forward from the front panel. A check of the 
voltage at this end of the cable is convenient if access 
to the back of the rack is limited, but the fact that the 
cable is good and connected at the other end needs to be 
verified. This can be done by stepping the voltage at the 
fre~uency sweep circuit input, with the cable connected, and 
observing that the oscillator frequency changes correctly. 
(See section 3, Oscillator Fre~uency.) 

The rf amplitude of the oscillator and the wave guide-beyond
cutoff attenuator may 'be checked to within a few percent as 
follows: Tune the system as in section VIII-B-2, but place 
a type N "Tee" on the "Target Input" connector. Connect a 
50 n terminator on one output of the "Tee" and' connect the 
target cable through an HP 11024A type N "Tee" probe tip 
to the other type N "Tee". An HP 4llA rf millivoltmeter 
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(instrument 13). plugs into the probe tip to measure the 
rf level. of the sys.tem at this point. It may be necessary 
to. use a target cable shortened by an amount equal to the 
electrical length of the two adapters used above in order 
to tune the system. 

Measure the rf voltage at the "Target Input" connector as· 
a function of the "RF Excitation to Target Coil" dial 
setting. The rf current introduced into the system can be 
calculated from V/Rp where V is the voltage at the target 
connector and Rp is the shunt resistance at the target 
connector Which is nearly the 50 n~ :termination in parallel 
with the 200n al'llplifier input impedance. Neglecting the 
target coil shunt resistance, Which at room temperature 
is ~2 Kn, the rms rf current in the system is 

.V 
rms 

Irms c~. 

A plot of the rf current vs. the "RF Excitation to Target 
Coil" dial setting is given in section VII-B for an 
oscillator frequency of 78.14 MHz. 

Oscillator Frequency 

The oscillator with its varactor tuner can be checked over 
the operating range independent of the frequency sweep 
circuit by applying a voltage directly to the oscillator 

. varactors with a dc voltage standard (instrument 2) and 
measuring the frequency out of the rf Monitor (PP-3) with 
a cycle counter (instruments 3 and 4). Disconnect the 
cable from the sweep circuit "Osc Var" output and connect 
the voltage standard at this point. To make this test. 
set the "RF Excitation Control" to 100 and set the rf 
amplifier gain for an approximately half-scale rf output 
level meter reading (this can be accomplished by setting 
the rf amplifier gain switch to the X25 position. discon
necting the target cable at the front panel "target input 
connector" and setting the input tuning capacitor dial 
to 0). A table of expected oscillator frequency vs. 
oscillator varactor voltage is presented for the above 
conditions in section XII-A-l. 

4. RF Amplifier Gain 

Caution: The amplifier gain selection knob is equipped 
with a locking lever •. Release the lock by turning the 
lever one turn counter-clockwise before making gain changes. 
Relock the lever after selecting a gain position. 
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Before measuring the gain of the rf amplifier check to see 
that it is operating by seeing that its anode current is 
correct Cas indicated by the "AMPL Anode Current" meter 
readings of 100. on XIO and X100 gain positions, 77.5 on 
the X50 gain position, and 56 on the X5 and X25 gain 
positions) and that the "RF Excitation to Target Coil" 
control or an external oscillator (tuned to 78.5 MHz) 
connected to the "Target Input" can be adjusted to give an 
on-scale reading on the "RF Output Level" meter. 

The rf amplifier gain and its associated "blocks t" the 
detector and filter leading out to the VTF converter, can 
be checked either with the internal rf oscillator and wave 
guide-beyond-cutoff attenuator or independent of the 
internal oscillator with an external rf oscillator (instrument 
14). To use the internal oscillator, set up the system in 
the usual manner (see VIII-B-2) with the exception of 
placing an HP Model 11024A type N "Tee" probe tip and rf 
millivoltmeter (instrument 13) between the target cable 
and the front panel "Target Input" type N connector. It 
may be necessary to use a target cable shortened by an 
amount equal to the length of' the "Tee" probe in order to . \. 
tune the system. The final tracking adjustments (VIII-B-3) 
are not necessary for this test. 

The amplifier gain can be checked ~ith an external oscillator 
(instrument 14) by removing the target cable and connecting 
the .oscillator with a 50 n cable to the "Tee" probe which is 
left in place on the target connector. When using the 
external oscillator, close the wave guide-beyond-cutoff.: .. c 
attenuator by turning the, "RF Excitation Control" to its 
counter-clockwise stop. 

Using either rf source, the rf amplifier gain and associated' 
blocks leading to the VTFconverter can be checked for 
each amplifier gain setting by measuring the rf voltage at 
the target input and the dc level at the -1 volt detector 
output tap. Measure the rf voltage with the "Tee" probe and 
millivoltmeter. The dc detector level (at the -1 volt 
full scale tap) is measured simply by counting frequency 
of the VTF converter with a frequency counter (instrument 
3). A table of detected de level (-1 V tap) as a function 
of rf input level at the "Target Input" connector is 
presented in section VII-C, page 34, for each amplifier 
gain setting and for rf frequencies of 78.08 MHz and 
78.97 MHz. 

5. VOltage-to-Frequency Converter, DYMEC 22l2A (VTF Converter) 

Note: Make sure the VTF converter is on its 1 volt range 
when reading the rf amplifier -1 volt detector output. 

I I 
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TheVTF converter can be checked by inserting a known 
voltage at its input (using instrument 2, or the PDP-5 D/A 

. output) and measuring the output fre<luency with either 
instrument 3 or thePDP-5. A Voltage-Fre<luency Table is 
gi ven in section. XII-B-l. 

Calibration: 

To maintain 0.01% accuracy (on the 1 volt range) it will 
probably be necessary to adjust the instrument zero once 
per week and the full range calibration (+Cal) everyday. 
The H-P brochure, Appendix G, page 2-9 (recommended reading) 
explains that recalibration once in 24 hours is necessary 
to maintain 0.01% accuracy. Our experience confirms this 
but suggests the zero can be set less often than once a day. 

A zero shift causes the fre<luency out of the instrument to 
begin at a non-zero value for a zero volt input. To zero, 
the input must be shorted. A drift in the +Cal or -Cal 
range adjustment has the effect of changing the slope of 
the Voltage In-Fre<luency Out characteristic of the instru~ 
ment. The three adjustments, zero, +Cal, and -Cal are 
nearly independent of each other. Since the VTF converter 
is used on its plus range when connected to the -1 volt 
detector output (the +signal lead is grounded and the 
-signal lead is the input), it may only be necessary to 
make the +Cal adjustment daily. 

Zero Adjustment: 

For the greatest zero acc;uracy, the adjustment should be 
made with the instrument range switch in its intended 
operating position (usually on the 1 volt range). The 
reason for adjusting the zero on the operating range, and 
not by adjusting on the 10 mV range and then switching to 
the operating range as suggested by the manufacturer, is 
that the zero adjustment does not necessarily give zero 
fre<luency for the same adjustment setting on both ranges 
without an internal adjustment in the instrument. See 
man)lfacturer's instruction manual section 2.4 (Appendi,x G) 
which refers to section 4 (maintenance). Section 4 of 
the manufacturer's manual has not been published as of the 
date of the System 1260 Manual. 

To adjust the zero, short the VTF converter input by 
moving the "Zero-Input-+Cal" switch to the left position 
and measure the frequency for several ten-second counting 
intervals using instrument 3. Then successively turn the 
zero adjustment to obtain a minim~~ fre<luency count. Less 
than 0.5 counts per second can be obtained readily on the 
J: volt range. 
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·Ca.libration of Full Scale . (After.' Zeroing},: 

Move the "Zero-Input-+Cal" switch to the right and count 
the frequency from the converter output for several 10-
second intervals. Set the +Cal screw driver adjustment 
for a count of 101 •. 929 kHz. In the calibrate position, 
the VTF converter is reading the voltage of a standard cell. 

Note: The minus lead from the VTF converter input is 
connected to the center conductor of the "input 0 to -1 V 
from detector" connector. The plus input is connected to 
ground at the connector. This is the reason minus voltages 
read in the positive polarity range of the instrument and 
hence +Cal is adjusted for -voltage inputs. 

Standard Cell: . ---
A Weston Standard Cell (the unsaturated type) is included 
in System 1260 to facilitate VTF calibration. The serial 
number of the cell is"791849. Some of the history of this 
particular cell is known: As purchased June 10, 1966, its 
voltage was 30 ~V higher than the present value (March 15, 1967). 
It is expected to drift at the same rate during the next 
year. 

Voltage 

-Cal Adjustment: , 

Temperature Coefficient 
-6 ~V/oc 

The VTF converter only operates over its plus range when 
used t9 read the -1 V detector output in System 1260. As 
pointed out above, a daily +Cal adjustment is required to 
maintain 0 • 01% accuracy of t'he instrument and a "zero-input
+Cal" switch is iristalled on the VTF converter panel to 
facilitate this adjustment. The -Cal adjustment, however, 
'does not interact with either the +Cal or zero adjustments 
and therefore does not require daily attention. For this 
reason, the VTF converter front panel "zero-input-+Cal" 
switch has no ~Cal position and the -Cal adjustment should 
not be touched daily. 

At periodic maintenance intervals, or when the instrument 
is used to make measurements re,!uiriilg the use of the 
instrument's minus range, the -Cal adjustment should be 
made. Periodic -Cal adjustments will enable the user to 
discover troubles in the minus range of the instrument 
(should they occur) which might otherwise go undiscovered 
until a time when a measurement requiring the use of the 
minus range was to be made. Refer to the Model 2212A 
Operating and Service Manual Section 2.4 (Appendix G) for 
the suggested calibration technique. The voltage standard' 
(instrument 2) can be used to provide a calibrated input 
to the VTF converter. 

\ 

, I 
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The operational amplifier and Thyrite shaping networks are 
working to within a few percent accuracy if the "Varactor 
Sweep Voltage" meter on the front panel 10X126o-Pl reads 
from 0 to 100 as the "Frequency Sweep" input is increased 
from a to -8 volts. The metering is arranged so that with 
-8 volts into the sweep circuit, a 100 scale reading is 
obtained for each position of the meter switch even though, 
for proper tracking, the voltages out of the two Thyrite 
shaping circuits are not equal. (See 10X1260-S4). Note in 
the schematic that the s~eep voltage is not measured directly 
at the varactors, but at the voltage tap on the Thyrite
'resistor divider. The voltage applied to the varactors 
is the sum of the sweep voltage plus the "Varactor Fixed 
Bias" voltage measured by the meter on the power supply panel. 

The 0Eer~~~na~ ~~1~!~~2: gain may be checked by inserting 
a known voltage at its input ("Frequency Sweep-in") and 
measuring the output voltage on pin F of the VK15S/i-2 printed 
circuit connector (see lOX1260-S4). The gain of the amplifier 
is adjusted by the resistor network around the amplifier to 
be -6.456 for input voltages from 0 to -8 v. To make the 
measurement, slide the Frequency Sweep chassis forward from 
the front panel and slide the right-hand cover plate off. 
With a standard voltage at the input (applied with either 
instrument 2 or the PDP-5 D/A converter) measure the amplifier 
output voltage. The output voltage divided by the input 

'voltage should be -6.456. Check the gain for several input 
voltages from 0 V to -8 v. 

The possibilities of faults in this op-amp are: Power supply 
voltages incorrect, a shift in value of the feedback resistors, , 
or trouble in the Zeltex unit. There is a spare Zeltex for 
plug-in replacement if required. If the operational amplifier 
is operating properly and the oscillator frequency tracks 
varactor voltage as outlined in section 3, Os£illatorFrequency, 
then the Thyrite shaping network is the only unchecked block 
in the chain. It can be tested by seeing if the ,oscillator 
frequency tracks the "Frequency Sweep" input voltage as tab
ulated in section XII-A-2. For procedure, see section 7 belo~. 

7. Operation,!ll /£I,l~l.i.ri:~r to tP!! Thyri te sha:eins ,network and Varactor 
~E!.:r; ... of, the oS,c,i.ll,a.tor Z the o~cillator rf reso,nator, and the 
transistor oscillator can be tested at one time over the opera
tini'f;eq~en~y range of the system as follows: Step the input 
"Frequency Sweep" voltage from a to -8 volts (using instrument 
2 or the PDP-5 D/A output). ,Measure the rf frequency from 
the "RF Monitor" (PP-3) with a cycle counter (instruments 3 
and 4). Set the RF Excitation Control, rf amplifier gain t 
tuning, etc., as outlined for the similar test under section 3, 
Os.c~llator Frequenc.z. A table of oscillator frequency V5. 

TIFrequency Sweep" input voltage to the tracking circuit is 
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presented in XII-A-2. (Note: At the beginning of this test 
adj ust the oscillator fixed bias supply to give 78.0000: ,MHz 
with 0 volts into the "Frequency Sweep" input.) If the fre
quency disagrees considerably with the values in section 
XII-A-2, isolate the trouble to t~e operational arilpl'ifier and 
Thyrite shaping network, or the v9.ractor tuner and oscillator, 
by performing the test outlined under section 3~ Oscillator 
Fr.es~e~cl.. If the oscillator frequency vs. varactor'volt'a"ge 
matches the table in XII-A-l, check the operational 8.tllplifier 
and Thyrite shaping network as outlined under section 6, 
Frequency TE.ac1:i_~~~Sircui t C".i,rcui t • One should expect to find 
the system agreeing to the tabulated values to within a 
few kHz at a room temperature of 24°c. At other temperatures, 
correct the table by the following approximate coefficient': 
-1.5 kHz/oCt 

8. TW,i toe, sh~:ein~ ,n,.<;:t:i,ork a,rd v,!l!a.£~",o .. ~ ~uner to th,e,!! input 
c:~.r.s~.tkwlt,~,e ,~.nl'ut..L<:i.Z;,cui~_ rf les,onator.2 ,8.[l.d. .. t}}e ,:>.~;e.le t.ar~2i 
coil, an,d ~8;:?le. ~ssembll can be checked at one time once the 
oscillator tuning channel has been checked, as outlined in 
section 7, by seeing that the system can be tuned in accordance 
with the t~~ing instructions in section VIII-B. 

In a system such as 1260, checking and maintenance of the 
cables and connectors are a must. Particular attention should 
be given to low-level analogue signals such as the input 
connected to PP-6, where a 0.4 Q change in contact resistance 
will cause the loss of 1/10,000 of F.S. accuracy (undoing a 
lot of careful work!). 

Avoid GR connectors for piping analogue signals (or any 
connector to which the center conductor of a cable is not 
soldered or bolted ridgedly to the center pin of the connector). 
ThelGR two-piece center pin bolts together with a plastic 
dielectric material clamped between the two pieces. Over a 
period of time the plastic flows and the screw connection 
loosens giving an erratic contact which can change resistance 
by an ohm or more. 

Owing to the critical effect of erratic contacts in analogue 
signal transmission, we expect that it will be best to install 
a D/A converter at the rack and pipe digitally from the PDP-5. 
At present, however, there is no hardware to do this. 

The electrical connection between the outer conductor of 
Heliax and its cable connectors is intended by its designers 
to be made by a clamping action be,tween the two pieces, 
called "clamping body" and "outer body",(see Andrew Ca.talog 
24, page 56). It has been our experience that after a period 

, 
,i 
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of time the c.lamping body loosens from the outer conductor 
because of mechanical flowing of the metal jacket. The 
result is that periodic tightening of the connector parts is 
necessary to insure good electrical connections at all times. 

A better electrical contact which will not work loose can be 
made by soldering the clamping body of the connector to the 
cable outer conductor. The connector pieces are then assembled 
in the usual manner • 

. To solder the clamping body to the cable, first cut the cable 
inner and outer conductors to the lengths required by the 
connector being used. Clean and tin the inside surface of 
the clamping body and outer conductor of the cable for a 
length equal to the length of the clamping body. Use low 
temperature solder such as Divco X-25, Number 233 solder. 
Screw the cl~~ping body onto the cable. Heat the connector 
and cable with a soldering iron and flow low temperature 
solder in between the two pieces. Use the lowest amount of 
heat possible to minimize the expansion of foam dielectric. 
Trim off any foam that bubbles out the end of the cable and 
assemble the remaining cable pieces. 

One useful method of checking the cables and connectors is 
to unplug the cable from its system function, place a short· 
circuit across one end by plugging the connector into a 
mating connector with a short across it and at the other end. 
measuring the voltage in the cable assembly with a known 
constant current fed into the cable •. The expected voltage 
drop can be calculated from the round-trip dc resistance of 
the cable, the length of the cable, and the contact resistance 
of the total number of individual connectors. Contact re
sistance of an N connector is~l milliohm. The round-trip 
resistance of one cable in Andrew Corporation "Multi-pak" 
FHl-50 cable is 2.24 n/IOOO ft. Bend and shake the cable 
under test at each connector while observing the voltage drop 
across the cable to see that no voltage fluctuations are 
indicated by the meter. If in doubt, start with a new cable 
and fresh connector. 

It is the erratic behavior of a poor contact rather than the 
resistance itself that is troublesome, since a fixed resistance 
in the system can be taken into account.' 

D~·. Oscillator'Ampli tude:'Stabili ty .. 

Unless something. is radically wrong with the oscillator amplitude 
control loop (see VIII-C-2 for an easier but less precise check 
than what follows) the fluctuations in the oscillator rf level 
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are so small they can not be determined by a direct measurement 
of the rf level with available test equipment. Instead, one must 
either check or assume that each component in the amplitude feed
back control loop (see section IX-A) is operating properly. Then 
each power supply voltage to the oscillator can be measured and 
from the known supply sensitivity factors (SSF's) for each power 
supply, the amplitude variation of rf level can be calculated. 

Measurements of the individual power supply voltages appear in the 
"System 1260 Measurements Log Book. 'I Th~ SSF's for the oscillator 
are given in section VI-B. The regulation of the individual 
power supplies was designed so that their contribution to ampli
tude fluctuations in the rflevel is less than those contributed 
by the +40 V reference supply. The dominant gain fluctuations in 
the oscillatorrf level would therefore be expected to result 
from variations in the +40 V reference which has a temperature 
coefficient of +3.5 ppm/oC and low frequency voltage fluctuations 
(see section XIV 9 Appendix I, Zener Diode, and "1260 Measurements 

Log Book") of 0.5 ppm. 

E. Amplifier Gain Stability 

Measurements of the overall gain variation of System 1260 with 
time have been made using the internal oscillator outlined in 
VIII-C-4. The rf level of the oscillator was assumed to remain 
constant during the test (see section VIII-D for an indication 
of the extent to which it can be expected to stay constant). 
The dc level at the detector -1 volt output was measured with 
the VTF converter. The VTF frequency was sampled for a 10-second 
interval and typed out every fifteen minutes using instruments 
3 and 5. The' detector level varied by approximately 500 ppm 
over a 72-hour test interval and the variations cycled every 
24 hours indicating that the gain shifts were primarily due to 
variations in the room temperature. 

Previous tests with the VTF converter show that with a constant 
input voltage, its frequency varies by ~ 100 ppm over a 72-hour 
test interval. The variation in the system of 500 ppm in 72 
hours therefore mostly due to gain variations in the rf amplifier, 
or variations in the input circuit tuning. One can conclude from 
the above test that the amplifier gain variation was less than 
500 ppm over the 72-hour test interval. 

To make the test described above, it is necessary to tune the 
system so that the oscillator frequency and input tuned circuit 
resonance peak coincide (see section VIII-B). If the two fre
quencies do not coincide, the variation in rf level through the 
system is not solely the gain variation of the amplifier, but 
includes the variation in rf level at its input resulting when 
frequency variations in the oscillator (because of its temperature 
coefficient) tune the oscillator to different places along the 
steep sides of the input circuit resonance curve. 
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IX LOW NOISE DESIGN FEATURES 

A. Oscillator Amplitude Regulation Loop 

It is important for the oscillator rf amplitude to be constant 
during a set of measurements. since a change of amplitude could 
be misinterpreted as a change in energy absorption in the sample. 

The rf amplitude control circuit consists of three parts: 
1) the 7077 triode rf amplitude error detector, 2) the 2N2608 
FET amplifier~ and 3) a 2N2218 emitter follower, which controls 
the emitter bias current in the 2N3137 grounded-base oscillator. 
The open loop gain is 7000 and there is a single lag network 
with time constants of 0.11 seconds and 5 microseconds. 

1. 7077 Error Detector 

The grid ring of the 7077 ceramic triode is coaxially 
tied to ground. The cathode is coupled to the 40 volt (zero 
to peak.) point of the rf cavity center conductor and also 
biased by a zener diode regulated +40 volt dc source. The 
result is the triode conducts only on the positive peak. of 
the rf cycle. The anode, with a 50 megohm load, is fed 
from the same voltage source that biases the cathode. At 
the chosen operating point the anode-to-grid voltage is 
11. 5 volts, and the average anode current is approximately 
0.5 microamperes. As an indication of the sensitivity of 
this detector to rf changes, we may state that the change of 
the anode current in response to variations of the cathode 
bias voltage, with constant rf amplitude, is -0.6 ~A/volt • 

. 2. 2N2608 FET Amplifier 

3 • 

The electrodes of a field-effect transistor (FET) are 
gate, source,and drain. The gate is tied to the 7077 
anode. Gate current is approximately 1 nanoamp. The 
drain drives the base of the 2N2218 emitter follower. Also 
in the gate circuit is the lag network, consisting of the 
50 megohm anode load resistor and the 0.002 ~F ~- 2.4 k RC i: 
gate-to-ground leg. 

2N2218 Emitter Follower 

The emitter bias supply for the 2N2218 and the 2N3137 
common-base oscillator is a constant current source. The 
2N2218, by diverting an appropriate part of this current 
away from the 2N3137 emitter, controls the transconductance 
of the oscillator transistor and conse~uently controls the 
rf power delivered to the collector drive loop in the 
cavity. 
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B. Oscillator Amplitude Reference Voltage 

The reference voltage for the cathode of the 7077 triode 
oscillator rf envelope detector comes from a two-stage, 
temperature-compensated, Zener diode regulator. The reguiator 

. circuit is located inside the aluminum oscillator block. This 
location takes advantage of the thermal inertia of the mass of 
aluminum and thereby reduces the effect, of short-term ambient 
temperature changes. 

The calculated maximum temperature sensitivity of the zener 
diode circuit voltage output (40 volts) is :140 ~V/oC, or 
~3.5 ppm/oC. By actual oven measurement, the temperature 
coefficient is +3.5 ppm/oC (fortuitous but reassuritlg). 

Slow voltage fluctuations:.of the 100-volt source supply appear 
on the 40 volt output reduced by a factor of 700. An RC 
filter on the output is necessary primarily to reduce microplasma 
noise generated by the zener diodes. See section XIV~I, Glossary, 
"Microplasmas. II 

C. Amplifier Anode Current Stabilization Loop - See I-E. 

D. Mechanical Packaging of Oscillator and RF Input Circuits -
See section I-A. 

E. Integrated Circuits - Fairchild ~A-702A. 

The ~A-702A is a high gain (2600), wideband (30 MHz) dc amplifier 
constructed on a single silicon chip. In the schematic diagrams 
the ~A-702A is referred to by the LRL stock semiconductor 
catalogue number, LED15100. 

There are three ~A-702A's used in System 1260. One is in each 
of the two precision voltage regulators to the oscillator and 
one is in the rf amplifier anode current stabilization loop 
(I-E). For a description of. the ~A-702A see Appendix H. 

Selection of IC's: 

In the event a replacement ~A-702A is needed, select a unit 
which shows good - 100 millisecond stability. It has been 
found that ~40% of present ~A-702A's show small dc level 
instabilities and some microphonics. 

\ , 
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X CROSS-REFERENCES TO THE PBOGRAMMED FREQUENCY SWEEP 

A~ Nodulation Range and Bandwidt}:). (Settling Time) - See I-D. 

B. Frequency' Tracking Circuit; Thyrite - See I-D and. VIII-B. 

C. Frequency Stability - See I-B and "System 1260 Measurements Log 
Book" for time and temperature effects. 

D. Reactive Energy Coupling - Its Sensitivity to Frequency - See 
VII-B .. 

E. Input Circuit - Its Variation of Shunt Resistance with Resonant , 
Frequency - See I-C. 

XI . AVOIDING NOISE PICKUP IN THE ACCELERATOR ENVIRONMENT 

A. Discussion of the Problem 

The eleCtrical interference level close to accelerators i~ 
typically several orders of magnitude higher than that 
around a laboratory workbench. For a discussion of noise 
sources, see section XIV-I, Glossary, "Noise Pickup." 

It turns out that some of the rather relaxed procedures that 
work well at a bench are not;acceptable-:in an installation 
where noise is a hazard. At the sa.rne time, it should be said 
that there are instances from time to. time in an installation 
when Q & D ( "quick and dirty":: or haywire ) methods are an 
appropriate step in progress; in Q & D work, anything goes 

. and a quick answer is the thing. However, the user of System 
1260 should clearly distinguish between temporary haywire and 
a serious installation intended for accurate data taking. 
When the latter is desired, any accumulated haywire should be 
removed. The various suggestions for noise-free operation 
then apply. 

B. Line Filter - See section III 

A power line filter (see its measured attenuation characteristic) 
is built into the rack to prevent line noise from entering the' 
interior rack volume. The plug strip insid.e the back door feeds 
filtered 60 Hz power to the various chassis. No line cords to 
other than rack-contained equipment should be plugged into the 
strip. If line cords from other equipment are plugged into the 
rack strip in violation of t.his rule, the result is that the 
line filter is bypassed and can no longer be effective. Any cord 
entering the rack will (unfortunately) act as an antenna, feeding 
raw disturbances into the interior volume of the rack. 
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C. Cable Interconnections - See section V 

This section can best be understood by remembering that all 
cables to the rack will unavoidably be carrying noise current 
on their external conducting surfaces. 

The system is so arranged that noise currents may flow over the 
rack exterior without creating problems, provided the noise 
current connection points are restricted. The two permitted 
connection points are,l) 't'he target connector (type N) on the 
lower front panel,and 2) all plugs on the interconnection 
panel in the lower rear of the rack. Although jumper cables 
on the rack fronta.re freely used, no cables from a distance 
should be brought directly to the rack front. If an extra 
cable is needed, it should be jumpered to the patch panel. The 
patch panel leads to the interconnection panel, where the desired 
extra cable to a distant device may be connected. All signal 
cables from the interconnection panel should leave it together 
in a bundle and maintain a close spacing to each other along 
the route to the next rack. 

D. Coaxial Noise-Isolation Filter - See Print 10Xl18o-S-l 

The coaxial noise-isolation filter is a ferrite and iron-cored 
device for introducing a high impedance in the noise-current 
path of a cable bundle, without affecting the signal paths except 
to add an extra 20 nanoseconds of delay. 

Such a filter reduces noise leakage into the signal cables by 
allowing external noise voltages to develop across a chosen 
impedance rather than short-circuiting the;'noise generator. 

The disadvantage of short-circuiting a noise-voltage generator 
is that a relatively high noise current will then flow, increasing ,~, 

the magnetic coupling. Since we have imperfect-conductors such 
as copper for our shields, it is easier to allow the electric 
fields to exist and use- electrostatic shielding than to short-
circuit the electric fields and have, to contend with magnetic 
fields which require much more shielding bulk. The coaxial 
noise-isolation filter performs the function of the previous 
paragraph for bundles of coax cables. The filter performs the 
further function of resistively absorbing energy propagated in 
the TEM mode along the outside of cable bundles. 

The original coaxial noise-isolation filter, 10Xl180-S-l, has 
been in use for five years. 

Its success has prompted some thoughts'ona'model'of expanded' .. 
capability. The newer 'model 'would'have'a) provision for wide-" 
band oscillographic observation of noise (ground) currents 

in_.$itUt~ and b) self-contained alarm signaling for excessive 
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. noise currents. Feature b) is d.esirable because cables-,are 
likely to be changed from time to time in an extensive insta.lla
tion (as'the experiment progresses). The·alarm feature will 
alert personnel to ma.ke a more detailed inspection if a serious 
ground loop is unwittingly introduced. 

E. Bundling and Transposition of Cables 

It helps to have the cable bundle transposed in order to 
present the minimtimprojected area on any plane. So doing 
will keep the cable bundle from inadvertently acting as a 
loop antenna. The signal cable selected for System 1260 solves \. 
this problem of cable bundling~ and it or an equivalent should 
be used for any serious installation. The cable type is 
Andrew Corporation "Multi-pak" t F"ill-50 t seven-strand foam-dielectric 
cable with solid outer conductor. The following page is the 
Andrew Corp. description of Multipak. 

At the System 1260 rack, the Multipak cable plugs into the 
Interconnection Panel. At its other end the Multipak cable 
should plug into the coaxial noise isolation filter. 

, 
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CABLE CHARACTERISTICS 

MULTIPAK* composite coaxial cables incorporate 
several strands of HELlAX* coaxial cables packaged 
in a single cable sheath . 

MULTIPAK cable construction offers all of the inherent 
electrical and mechanical advantages of HELIAX coaxial 
cable with compact packaging for the easiest method of 
installing multiple cable runs. 

HELIAX coaxial cables offer superior electrical performance with lower weight and smaller size 
than comparable solid dielectric cables . The comparison chart, shown below, illustrates the 
super ior characteristics of Types FH 1 (1/4") and FH4 (1/2") even though substantial reductions 
(50%) in cable diameter and weight are attained. 

HELIAX FOAM DIELECTRIC CABLES VERSUS SOLID DIELECTRIC CABLES 

NOMINAL WEIGHT ATTENUATION - db/l00 Flo 
TYPE O.D.- IN . LB./FT .! 1 MHz 10 MHz 100 MHz 1000 MHz --- --- -----
FH 1- 50 . 250 . 05 o 15 . 50 1.6 5 . 6 
FH2-50 .375 . 10 • 12 037 1.2 3.9 
FH4-50 . 540 . 20 007 024 . 83 3.4 
FH5-50 . 980 032 . 04 o 13 .45 1.9 

RG-8/U .405 o 12 • 16 . 55 2 . 0 8 00 
RG-17/U . 870 .50 . 07 024 095 4.4 

TERMINATIONS 

The individual coaxial cables from the MUL TlPAK composite cable are normally terminated 
with individual connectors. They may be mounted on a termination board, if desired o 

* Trademarks of Andrew Corporation 

Chicago • New York • Washington, D.C. 

Los Angeles • San Francisco • Toronto 

(See reverse side for ordering information) 

Dallas 

Montreal • Copenhagen 

Issue 2 
August, 1966 

J 

Printed in U. S. A. 



-61-

ORDERING INFORMATION 

Current production sizes of MULTIPAK cable are listed below. Lengths range from 1,000to 
1,500 feet. Other combinations of multiple strands may be designed for your requirements. 

NOMINAL NET 
NO. OF DIAMETER WEIGHT 

TYPE NO. CABLE TYPE STRANDS INCHES lB./FT __ 

34400-5 FHI-50 7 7/8 .5 
34400-6 FH 1-50 19 1-5/8 1.3 
34400-1 FH2-50 7 1-1/4 .9 
34400-2 FH2-50 19 2 2.5 
34400-3 FH4-50 7 1-5/8 1.6 
34400-4 FH5-50 7 3-1/16 2.9 
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XII COHPUTER INTERFACING. 

A. Table of Volt.age tn-Frequency Out Numbers for Oscillator Frequency 
Programming •. 

1. Oscillator VaractorVoltage -Oscillator Frequency table 

Os cillatoI'.v aractor Oscillator Oscillator·Varactor Oscillator· 
Voltage (Volts)' . Freq uency (KHz) Voltage' (Volts) Frequency (KHz)' -

12.247 
,. . 78~ 000.00 15.300 78 271.38 v 

12.300 78 .005.68 15.400 78 278.70 

12.400 78 016.33 15.500 78 285.94 

12.500 78 026.83 15.600 78 293.09 

12.600 78 037.18 15.700 78 300.18 

12.700 78 047.38 15.800 78 307.19 

12.800 78 057.44 15.900 78 314.12 

12.900 78 067.37 16.000 78 320.98 

13.000 78 077.15 16.100 78 327.77 

13.100 78 086.81 16.200 78 334.49 

13.200 78 096.34 16.300 78 341.15 

13.300 78 105.75 16.400 78 347.74 

13.400 78 115.03 16.500 78 354.25 

13.500 78 124.20 16.600 78 360.71 

13.600 78 133.25 16.700 78 367.10 

13.700 78 142.18 16.800 78 373.43 

13.800 . 78 151.01 16.900 78 379.70 

13.900 78 159.73 17.000 78 385.90 

14.000 78 168.33 17.100 78 392.04 

14.100 78 176.82 17.200 78 398.13 

14.200 78 185.22 17.300 78 404.16 . 

14 .• 300 78 193.52 17.400 78 410.13 

14.400 78 201.72 17.500 78 416.05 

14.500 78 209.82 17.600 78 421.91 

14.600 78 217.83 17.700 78 427.72 

14.700 78 225.74 17.800' 78 433.47 

14.800 78 233.57 17 ... 900 78 439.17 

14.900 78 241.30 18.000 78 444.82 

15.000 78 248.95 18.100 78 450.42 

15.100 78· 256.50 18.200 78 455.96 

15.200 78 263.98 18.300 78 461.46 
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OscillatorVaractor . Oscillator . Os ci.l1ator.v aractor ...Oscillator 
Voltage' (Volts) , 'Frequency" (lS,Hz) Vol tage ' (Volts). , . 'Frequency (KHz) 

18.400 78 466.91 23.000 78 675.17 

18.500 78 472.31 23.200 78 682.71 

18.600 78 477.66 23.400 78 690.14 

18.700 78 482.97 23.600 78 697.48 

18.800 78 488.23 23/800 78 704.71 

18.900 78 493.45 24.000 78 711.85' 

19.000 78 498.62 24.200 78 718.89 

19.100 78 503.75 24.400 78 725.85 

19.200 78 508.83 24.600 78 732.72 

19.300 78 513.88 24.800 78 739.50 

19.400 78 518.88 25.000 78 746.19 

19.500 78 523.84 25.200 78 752.79 

19.600 78 528.76 25.400 78 759.32 

19.700 ' 78 533.64 25.600 78 765.77 

, 19.800 78 538.47 25.800 78 772.14. 

19.900 78 543.28 26.000 78 778.43 

20.000 78 548.04 26.200 78 784.64 

20.200 78 557.43 26.400 78 790.79 

20.400 78 566.69 26.600 78 796.86 

20.600 78 575~81 26.800 78 802.86 _ 

20.800 78 584.78 27.000 78 808.79 

21.000 78 593.62 27.400 78 820.43 

21.200 78 602.32 27.800 78 831.83 

21. 400 78 610.90 28.200 78, 842.97 

21.600 78 619.35 28.600 78 853.87 

21.800 78 627.67 29.000 78 864.53 

22.000 78 635.87 29.400 78 874.96 

22.200 78 643.95 29.800 78 885.19 

22.400 78 651. 93 30.200 78 895.19 

22.600 78 659.78 30.600 78 904.99 

22.800 78 667.53 31.000 78 914.60 
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Oscillator Varactor· 
Voltat:,ie·(Volts) 

Oscillator· 
. Fre9.uertcy(KHz). 

31. 400 

31.800 

32.200 

32.600 

33.000 

33.400 

33.800 

34.200 

34.600 

35.000 

Note: 1. 

2. 

3. 

4 .• 

78 924.02 

78 933 •. 25 

78 942.31 

78 951.19 

78 959.90 

78 968.46 

78 976.85 

78 985.09 

78 993.19 

79 001.13 

A 300 Hz frequency drift took place during the measurement. 

The "RF Excitation" dial ~as set at 100 during the test. 

System ~as warmed up with the rack closed for 24 hours 
prior to this test. 

Counting interval is one second for each measurement. 
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2. "Frequency Sweep" Voltage .;... Oscillator F~quency table •. 

Input Sweep, ...... " .... ""., 
Voltage (Volts) 

. lit b 

Freq uency (KHz) Voltage (Volts ) Frequency (KHz) 

0.00'0 78 000.06 2.80 78 417.20 

0.100 78 015.71 2.90 78 431.96 

0.200 78 031.17 3.00 78 446.71 / ~ . 

0.300 78 046.45 3.10 78 461.60 

0.400 78 061.55 3.20 78 476.15 

0.500 78 076.54 3.30 78 490.62 

0.600 78 091.44 3.40 78 504.98 

0.700 78 106.24 3.50 78 519.26 

0.800 7.8_ 121.01 3.60 78 533.39 

0.900 78 135.72 3.70 78 547.43 

1.000 78 150.40 3.80 78 561. 32 

1.100 78 165.06 3.90 78 575.09 

1.200 78 
' .'~ 

78 179.67 4.00 588.68 

1.300 78 194.45 4.10 78 602.56 

1.400 78 209.17 4.20 . 78 616.00 

1.500 78 223.89 4.30 78 629.26 

1.600 78 238.67 't.40 78 642.42 

1.700 78 253.47 4.50 78 655.40 

1.800 78 268.33 4~60 78 668.25 

1.900 78 283.18 4.70 78 680.94 

2.000 78 298.06 
.• ,\, .. j 

4.80 78 693.51 

2.100 78 312.97 4.90 78 705.92 

2.200 78 327.89 5.00 78 718.19 

2.300 78 . 342.83 5.10 78 730.85 

". 2.400 78 357.74 5.20 78 742.76 

2.500 78 372.65 5.30 78 754.46 

2.600 78 387.54 5.40 78 766.05 

2.700 78 402.39 5.50 78 777.46 

./ 
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Input Sweep . 

.. Voltage· (Volts) . FreC;,uency . (KHz). 

5.60 78 788.76 

5.70 78 799.86 
~5,.80 78 810.79 

5.90 78 821.53 
6.00 78 832.73 
6.10 78 843.39 
6.20 : 78 853.82 
6.30 78 864.14 
;.6~40 78 874.29 
6.50 78 884.33 
6.60 78 894.18 

6.70 78 903.96 
6.80 78 913.60 
6.90 78 923.12 
7.00 78 932.49 
7.10 78 942.70 
7.20 78 951.72 

c 7.30 78 960.59 
" 

;7.~ 40 78 969.29 

.7.50 78 977.88 
7.60 78 986.36 

7.70 78 994.70 

7.80 79" 002.92 

';7.90 79 01O.~8 

8.00' 79 018.79 

Note: 1. The Frequency of the system drifted by ~300 Hz during this 
measurement. 

2. The "RF Excitation" control was set at 100 •. 

3. The rack was warmed up for 24 hours prior to the'test~ 

4. Counting interval is one second for each measurement. 
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B. Stability of VTF Converter 

1.. Voltage - Frequency Table 

DY-2212A VTF CONyERTE~ OUTPUT fREQ~ENCY , 

AS A FUNCTION OF INPUT VOLTAGE (ON THE I VOLT RANGE) 

The four columns beloN' present the VTF converter output frequency for 
0,0000 to -0.2500 volts, -0.2600 to -0.5000 volts. -0.5100 to -0,7500 
volts and -0,7600 to -1.0000 volts at its input. The 2 and 3 printed 
after the frequency indicate that it is in kHz (2) and that the 
decimal point is three places from the ~ight (3). 

00000001 23 
00001001 23 00026002 23 00051002 23 00076002 
00002001 23 00027003 23 00052003 23 00077002 
00003001 23 00028002 23 00053003 23 00078002 
00004002 23 00029002 23 00054003 23 00079002 
00005002 23 00030003 23 00055003 23 00080003 
00006002 23 00031002 23 00056003 23 00081002 
00007002 23 00032003 23 000'57003 23 00082003 
00008002 23 00033003 23 00058002 23 00083002 
00009002 23 00034002 23 00059002 23 00084002 
00010002 23 00035003 23 00060003 23 00085001 
00011001 23 00036003 23 00061003 23 00086003 
00012001 23 00037003 23 00062003 23 00087001 
00013001 23 00038003 23 00063003 23 00088002 
00014001 23 00039003 23 00064003 23 00089002 
00015002 23 0004000323. 00065003 23 00090001 
00016002 23 00041002 23 00066003 23 00091001 
00017002 23 00042003 23 00067003 23 00092001 
00018001 23 00043003 23 00068003 23 00093001 
00019002 23 00044002 23 00069004 23 00094002 
00020002 23 00045003 23 00070002 23 00095001 
00021002 23 00046003 23 00071002 23 00096000 
00022002 23 00047003 23 00072002 23 00097000 
00023002 23 00048003 23 00073003 23 00098001 
00024002 23 00049002 23 00074002 23 00099001 
00025002 23 00050003 23 00075002 23 00100001 

Data taken on 20 February 1967. 
Full scale control and zero set at beginning of measurement. 
Counting in.terval is one second for each measurement. 

23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
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2. Remarks on Stability, 

When the DY 22l2-A was originally delivered to LRL Berkeley 
it appeared to be in good operating condition. After four 
weeks of operation the instrument began to operate in an 
erratic fashion. The symptoms were a random jump of some 
400 Hz when the instrument was operated in the plus sense 
near the end of its range (i.e. 400 Hz out of 100 kHZ) and 
imibili ty to make a +Cal adjustment after the instrument had 

. warmed up for 24 hours. The trouble was traced to erratic 
behavior in a feedback transformer (see Tl on Figure 5.6, 
manufacturers instruction manual., Appendi-x. G). 

The instr~~ent was returned to the factory on February 7, 1967 
for repair. The complete board on which Tl is mounted was 
replaced by the manufacturer,. The instrument was returned 
to LRL Berkeley on February 17,1967. Tests since that time 
have shown no evidence of a similar malfunction. 

There is a printout of VTF converter frequency, taken every 
5 minutes for 36 hours. when the input was from a standard 
cell. The data are in the ~'System1260 Measurements Log 
Book." 

3. Incidental FM and Noise in the VTF Converter Output 

It has been proposed that the VTF converter be read out 
in about 1 msec by measuring the time interval between 
a reference pulse selected from the VTF converter pulse 
train and the 100~ pulse following the reference pulse. 
The accuracy to which th~ input voltage of the converter 
can be determined by the above scheme requires a knowledge 
of the frequency spectrum of the VTF converter when a 
known voltage is applied to its input terminals. The 
frequency modulation appearing in the VTF converter pulse 
train when a constant dc voltage is applied to its input 
terminals',hastherefore;:,beEm measured. The salient 
features of the measurements follow. 

Ripple 
A dc voltage with less than 5 ~V of ac ripple (measured 
over a 1 Hz to 30 kHz bandwidth) was applied to the VTF 
converter input. With this input the pulse train is not 
constant in frequency. Instead a periodic frequency' 
modulation around the center 'frequen.CY is observed. The 
frequency modulation~although not a clean 60 Hz sine wave

J 
occurs at a 60 Hz rate. The amplitude of frequency 
modulation is =5 Hz at any dc input voltage from 0 to 
-1 volt (on the VTF 1 volt range). It was suspected from 
the above observations that the VTF is sensitive to stray 
60 Hz fields (including its own). It is indeed; the output 
frequency is modulated at the rate of 20 Hz/gauss for 
applied external 60 Hz fields. 
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1% Even-Odd Effect 
h:a IWo .. 

,. 

In addition to the 60 Hz frequ~ncy modulation of the pulse 
train the timing from pulse to pulse varies in another 
systematic way. The time between puises alternates from 
short to long and repeats endlessly etc., (or long to short, 
depending upon one's choice of a reference pulse to begin 
counting). At a 100 kHz rate the time difference between' 
adjacent pulse to pulse intervals is ~200 ,nsee. The time 
difference increases in proportion to the time between 
pulses (at 50 kHz it is""" 400 nsec, etc.). Fortunately, 
the error introduced in the proposed measuring scheme by 
this curious effect can be eliminated if the time interval 
is measured between an even number of pulses (as for 
example the 1st and lOath pulse). This is a significant 
effect becaus;; if an odd number of pulses is counted 
(say 99), the total error is very nearly twice that 
obtained counting an even number. 

Jitter 

There is a random, time jitter in the VTF output pulse train 
corresponding to ±l Hz FM at 100 kHz. 

The time distribution of both the lOO~ pulse and the 99~ 
pulse following a randomly selected 1st pulse out of the 
VTF converter pulse train has been me;;ured for 100 kHz 
pulse rates and the above effects are clearly demonstrated 
in the time domain. All of the above ,paragraphs refer to 
measurements reade with the VTF operated on its 1 volt 
range. For these and other results see the "System 1260 
Measurements Log Book. It. 
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