
UNCLASSIFIED 

»0 419874 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAl INFORMATION 

CAMERON SIATION AlflAKOftlA VIRGINIA 

UNCLASSIFIED 



NOTICE: When government or other drawings, speci¬ 
fications or other data aw used for any^rSHe 

in connectlon a definitelyUwlated 
governaent procurement operation, the U. S. 

ST'’7 no «sponsihility, nor any 
obligation whatsoever; and the fact that the Govern 

fonBulat«d> furnished, oTlnL^ 
dat^ifnn?6^88^ drawlngfl' réifications, or other 
Îîîê Í! ?? t0 be implication or other- 
viee as in any manner licensing the holder or any 
other person or corporation, or conveyina anv 

»tnS,,‘l0n Í? U.« 0¾ ^ ^ 
Se«í'f 1°VMtlon «“» "W 1b «W «jr b. Sited 



4
 1
 9

8
 7

4
 

V 

Æ 
U PROJECT VANGUARD REPORT NO. 24 > K - 

MINITRACK REPORT NO. 4 
THE SATELLITE TELEMETRY RECEIVER SYSTEM ; 

o 

s- 
CL 
O 
CL 

Lu 
—J 
LU 

r-L 

r" 
i ) 

/O 

V. R. Simas 

Tracking and Guidance Branch 
Project Vanguard 

•V i avMUv VL j/ 

January 20, 1958 

NAVAL RESEARCH LABORATORY 
Washington. D.C. 

Li 

4
X

9
8
7
4

 



PREVIOUS REPORTS IN THE MINITRACK 
REPORT SERIES 

NRL Report 4995, “Project Vanguard Report 
No. 18, Minitrack Report No. 1; Phase Meas¬ 
urement, by C. A. Schroeder, C. H. Looney, 
Jr., and H. E. Carpenter, Jr., July 26, 1957 

NRL Report 5035, “Project Vanguard Report 
No. 21, Minitrack Report No. 2; The Mark II 
System,” by R. L. Easton, September 12, 1957 

NRL Report 5055, “Project Vanguard Report 
No. 23, Minitrack Repott No. 3; Receiver Sys¬ 
tem, by V. R. Simas and C. A.Bartholomew, 
December 6, 1957 



CONTENTS 

Abstract u 
Problem Status ü 
Authorization ü 

INTRODUCTION 1 

GENERAL DESCRIPTION 2 

RECEIVER TELEMETERING SPECIFICATIONS 5 

CIRCUIT ANALYSIS 6 

Preamplifier 6 
First Mixer Converter 10 
I-F Amplifiers 10 
Crystal-Controlled Local Oscillators 13 

PLAN OF ACTIVITIES 13 

ACKNOWLEDGMENTS 14 

i 



♦ 

4 ABSTRACT 

3 Scientific information from the artificial earth 
satellites will be transmitted to the telemetry sys¬ 
tems located at each of the Minitrack stations. 
The telemetry receiver will amplify the received 
signals with the addition of as little receiver noise 
as possible and convert the information to a form 
which permits demodulation and subsequent analy¬ 
sis. The receiver is of the double-conversion type 
with crystal-controlled local oscillators. Three 
pre-detection bandwidths are available which pro¬ 
vide a means of increasing the output signal-to- 
noise ratio for those experiments in which the 
information bandwidth is less than the maximum. 
Grounded-grid preamplifier circuitry is employed 
to achieve stability and a low noise figure. 

PROBLEM STATUS 

This is an interim report on one phase of the 
problem; work is continuing. 

AUTHORIZATION 

NRL Problem A02-18 
Project No. NR-579-000 

Manuscript submitted October 18, 1957 
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PROJECT VANGUARD REPORT NO. 24 

MINITRACK REPORT NO. 4 
THE SATELLITE TELEMETRY RECEIVER SYSTEM 

INTRODUCTION 

In addition to the Minitrack transmitter, the Vanguard satellites will contain scientific 
measuring equipment to obtain information pertaining to enviromental conditions, solar 
Lyman-alpha intensity, cosmic-ray intensity, and many other experiments. Telemetering 
equipment in the satellites will code this information and transmit the data to ground 
receiving equipment located at each of the Minitrack tracking stations. 

The information obtained by the scientific instrumentation within the satellite is in the 
form of voltages which are applied to the telemetry coder. These voltages are sampled 
or commutated in a predetermined time sequence by the coder unit. Each sample is then 
translated into either a frequency or a time duration. The output of the coder unit is 
applied as double-sideband amplitude modulation on the 108-Mc carrier of the Minitrack 
transmitter. It was early established that within certain frequency limitations, severe 
modulation of the Minitrack oscillator caused practically no deterioration of the tracking 
lunction. Therefore, this oscillator not only provides the tracking signal but the telemetry 
carrier as well, thereby saving the additional weight and power consumption of a separate 
telemetry oscillator. 

The modulation waveform used to convey information about the satellite’s instruments 
is shown in Fig. 1. This waveform is a series of tone bursts (fj, f2, etc.) and blanks 
(T2, T4, etc.). By applying a known conversion factor, the reading of instrument A is 
given by frequency fj, the reading of instrument B is given by T^ and so on. Times T. 
T2, etc., range from 15 to 30 milliseconds; frequencies fj, f2, etc., lie between 2.5 and ’ 
15 KC. 

1 
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GENERAL DESCRIPTION 

The function of the telemetering receiver is to amplify the incoming signals to a level 
which permits demodulation and subsequent analysis. It is necessary to obtain this ampli¬ 
fication with a minimum of added receiver noise. The requirements also include specifica¬ 
tions for the pre- and post-detection bandwidths and the phase characteristics of the band¬ 
pass filter networks. In addition, the system is supplied with automatic gain control (AGC) 
which must maintain an approximately constant output for wide input signal level fluctua¬ 
tions. 

The following discussion on the circuit operation is facilitated by close reference to 
the block diagram, Fig. 2. The circuit diagram is shown in Fig. 3. The input signal from 
the antenna is first amplified by the GL 6299, a low-noise grounded-grid planar triode, 
where a noise figure of less than 3.0 db is achieved. The second stage, utilizing a 6AN4 
tube, is also connected as a grounded-grid stage in order to obtain adequate bandwidth and 
to maintain the first-stage noise figure as the overall system noise figure. 

Fig. 2 - Block diagram, Minitrack telemetering receiver 

At this point, the 108-Mc signal is mixed with the 119.295-Mc first local oscillator 
signal and converted to 11.295 Me, the first i-f frequency. The first i-f amplifier is com¬ 
posed of a conventional pair of amplifying stages utilizing type 5654 tubes. The gain of 
each of these stages is set at about 30 db by resistive loading in parallel with the equiva¬ 
lent resistance of the plate tank circuits. Reasonable bandwidths are obtained by selecting 
particular values for the L/C ratio which when damped with the load resistance provide 
the required circuit Q. 

The 11.2950-Mc signal at the output of the first i-f amplifier is mixed with the second 
local oscillator output of 11.7650 Me and converted to 470 kc, the second i-f frequency. 
The conversion is performed by a single 1N82A silicon diode. 
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Fig. 3 - Circuit diagram, Minitrack telemetering receiver 
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The second i-f amplifier provides the remaining gain as well as three pre-detection 
bandwidths, any one of which can be selected by appropriate settings of the bandwidth 
switches. The three stages that comprise this unit utilize two type 5654 tubes and a type 
6005 tube, each of which has approximately 30-db gain. The proper bandwidths for this 
unit are again provided by the selection of the proper L/C ratios in the plate tank circuit 
with respect to the equivalent plate load resistance of each stage. The plate circuits of 
two of the stages in this strip are provided with switches which select one of two tank 
circuits. With both switches thrown to select tank circuits with the highest L/C ratio, the 
bandpass is about 31 kc. With both switches thrown to select tanks with the lowest L/C 
ratio, the bandpass is about 3.4 kc. With one switch on low and the other on high, the band¬ 
width is about 5 kc. The ability to switch bandwidths enables the operator to optimize the 
signal-to-noise ratio for various modulation frequency spectrums. For example, the 
regular modulation channel requires a width on each side of the carrier of about 15 kc. 
However, it is anticipated that there will be times when the modulating information encom¬ 
passes only about 1.5 or 2 kc. In such a case, it is advantageous to restrict the noise 
bandwidth along with the information bandwidth, thereby increasing the signal-to-noise 
ratio at the output of the receiver. 

The 470-kc signal at the output of the amplifier is connected to a cathode follower 
which supplies signal voltages at a low impedance via a BNC connector to a linear detector 
unit orto various test instruments used to monitor the output signal. The 470-kc signal at 
the output of the 6005 tube is also detected by a signal detector and the AGC detector. The 
AGC voltage is converted to a low impedance by means of a cathode follower, the output 
of which supplies the AGC bus as well as input-level information to the recorder and moni¬ 
toring meters. 

The detected signal is filtered by a low-pass filter with a cutoff frequency sufficiently 
high to be almost perfectly flat out to 15 kc. The overall system bandwidth out to the 
3-db points is therefore limited only by the pre-detection bandwidth. The impedance of 
the detecting circuit is transformed by a cathode follower arid is available for :ecording. 
With the controls set at their approximate midpoints, the detected output to the recorder 
is 1 volt rms. 

Both local oscillators are crystal controlled. In addition, the first L.O. is adjustable 
overan 8-kc range. A conventional reactance tube pulls the frequency of the oscillator. 
The frequency is varied by adjusting a potentiometer located on the front panel which con¬ 
trols the dc operating point of the reactance tube, which in turn controls the oscillator 
frequency. The reactance tube and oscillator functions are both performed by the triode- 
pentode tube, 6AN8. The 6005 buffer amplifier isolates the load from the generator and 
supplies power gain as well. , . ' 

The second local oscillator is a conventional crystal-controlled TPTG oscillator in 
which the crystal operates in its parallel-resonant condition. One-half of a 12AT7WA is 
the oscillator tube, while the buffer is again the 6005 tube. The amount of signal insertion 
to the receiver is determined by the value of the series resistor connecting the two units. 
This resistance is chosen to provide a crystal current of approximately 0;7 ma. 

RECEIVER TELEMETERING SPECIFICATIONS 

Sensitivity: the gain shall be sufficient, with the rf gain control and the AGC level 
control fully clockwise, to amplify the receiver noise in the absence of any input signal to 
a level 10 db greater than that required to provide 6 volts p-p at the receiver i-f jack. 

Noise figure: the noise figure shall be less than 3 db. 
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a. a =' 1 kc and 

level below 10 volts p.p measured at the receiver l-tïck. " 8 a' ^ 0U,p”t 

Output signal level: with the rf gain control and the recorder level adjust mntrni 

“Ä sï,rrœ^c,œ~r- - 
pre-detection bandwidth shall be 3.4 kc ±0.5 kc. narrow 

lieyo^^r^^ 

for inn0,?.?66?'. 0utPut4signals sha11 ^ fluctuate in amplitude by more than 50 percent 
p gna evel variations of 20 db at modulating frequencies between 0 and 3 cps. 

Os cilia tor warm-up stability: the frequency of the two oscillators in this unit shall 

“sic“ vêcrvsuTs Tteílm ‘S c“slsten'wlth the temperature specifications ol their . . 

liermíllta ir d¿ee ceSrade ' C.° CryS'“‘S ShaU be leSS ,ha” 1 '»rt ' 

.. Crystal drive: the power dissipated within the 119.2950 
5 milliwatts. ' ■M. ■rysta-i shall be less than 

Crystal accuracy: the accuracy of-the 119.2950-Mc and 11.7650-Mc crystals shall 

CPS- There ^ h' "“ -eúriõus resonances MM. 20 

• * * • 
* • • • 

CJRCUIT ANALYSIS 5 . . * 
•• * • • • * * * * • * * . • 

Preamplifier "••••** 
. ;. 

The function of the preamplifier is to generate a good-noise figure and to provide the 
?Z?:CheSTJ eftabll,Sh the Prea.mPjifier noise fig-re as the system noise figure. It 
should be stable yet easily constructed and aligned. . .. 

COnSiSiinR of two grinded-grid cascoded.stages'.has characteristics 
ideally suited to the preceding requirements. In the first place, there are many tubes on' 
the market which function well as grounded-grid amplifiers at 108 Me. In addition the 
grounded-grid configuration is the most stable of the thr.ee possible circuit-arrangements 
The turfing arrangement for this circuit is the most’ elementary possible, consisting of 

Ont nMim0/ 3 ft,13? ^irclJlts- The dlfflculty sometimes encountered with this-circuit is 
that of utilizing the high-output impedance of these stages. However, with the fairly low 
fractional bandwidths required for this system, this is no obstacle. 

The expression for the noise figure of a grounded-grid stage is: ’ 

1 + 
i, e0 BG R (Y +0 15 
1 e1 t eq ' s t ' 

G. G. G 
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where G. = G, + G,,. 
1 eq 1 D 

Gj = input circuit losses. 

Gd = the output circuit losses. 

Gt = transit time conductance.- 

Gs = transformed source conductance. 

B is a constant with a value of approximately 5. 

Req is the equivalent noise resistance of the tube, approximately equal 
• to 2.5/gm for most triodes. 

■ Ys = Gs + jYj + Gj, where jYj is the susceptance presented by the input network to 
the input terminals of the tube. 

A cursory examination of this expression allows several immediate conclusions. 
• S • • 

. • * . o * • 

. 1. The noise figure is minimum when JYj = 0, whiclj occurs when the admittance 
pre’sented to the input terminals of the tube.is purely conductive. 

' 2., All coil losses or other losses represented by Gj e() increases thet noise figure. _ 

. ‘ 3. G( andR^ play a prominent part in the value'of the noise figure, making the 
choice of tube type highly important. • t' , ' • . . t 

• % 

4. Gs. appears both'in the numerator and denominator, indicating that an optimum 
value .exists. Indeed, this is usually.the prime consideration for optimum noise figure 
design and cannot be overemphasized., ' • ’ . • •> ' 

• • •« 
. # > The^optimum value of the transformed source conductance, Gs opt, may be determined 
by differentiating, with respect to.Gs, the noise figure expression and'setting the first 
derivative equal to zero. The resulting expression, after dropping the insignificant terms, 
is: ' . ' • • * ■ 

G,-• 1 eq 
+ BG. 

O 

The corresponding value of the optimum attainable noise figure is: 

. F1 op. = 1 + 2 U0! eq +BGt)Req; 

These two expressions are the key to computations concerning the noise figure of grounded- 
■ grid preamplifiers, hence anyone desirous of obtaining an understanding of the subject 

should analyze and study them. • 

The overall noise figure of the amplifier is expressed as: 

where w = power gain. 
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This series is rapidly convergent, for all practical cases, so that usually just two terras 
are significant and sometimes only one. The following is the application of these equations 

The circuit parameters are: 

GL 6299 
<V 

R - eq 
g- 

6AN4 
. 30 ^nihos-160 /¿mhos 
.125 ohms ----250 ohms 
--- 12000 /¿mhos --10000 /¿mhos 
--- 9600 ohms --- 7000 ohms 

• f0 = 108 megacycles; ^ = 6.78 x 108 

First-stage noise figure: assume the q of input and output coils is 200. 

* * * '• . =#1/0ojLj r 36.8 X 10*6 mhos .. 

=..1/Qó)L4 + N^Gin^=, 250 X 10*6 mhos 
• • ,••• . # • 

• • 1 . # . • • 

.• ’•ill-eqr'0'! -«/i x'ló-8 . • • ; 

* . * . . ‘ ^ . ‘ 
Then, • . . ’ V ? ! - 

U • . 4- 
. s opt \ 

Gi + BGt 

.’«eg 
’.2370 X J10-6 mhos 

. . Fl opt = 1 +..2 ¡(0, ;q.+’BGt)Req . - . . 

* • • . •* , • * • 

• . . r*l.8 db. * . ’ ' . . 

The values of Gs opt and Fj 'opf for the second stage are: 

G, opt = 2200 

Fi op't = 3.2 db. 

The available power gain, Wj , of the first stage is: 

• - 9 . 

gd + r K p 
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The overall noise figure is equal to: 

r2 - 1 F = F. +- - 2.1 db. 
1 w. 

Thus the second stage contributes only 0.3 db to the noise figure. 

The circuitry of the preamplifier can be divided into three main parts: (1) The input 
transformer, (2) the coupling transformer, and (3) the output transformer. The function 
of the input transformer, for noise matching conditions, is to transform the source imped¬ 
ance to the value which provides the lowest noise figure. This is the G S Opt 

t 

f. ! - . 
• 

i ' *: 
; • 

• : 

discussed in 
the previous paragraphs. .There are many types of transformers which will perform this 
function adequately; however, the one used in this unit is possibly one of the simplest to 
construct and uses the fewest parts. 

The impedance, R0 , presented by the source to the input terminals of the front end is 
50 ohms and must bè.transformed to about 420 ohms, as determined by the preceding 
calculations for Gs 0];ti. R0, Lll, and C26 form a series-resonant circuit, R0 being the 
series damping resistor. The relationship between the series damping resistor and its 
equivalent parallel damping resistor is: 

• * • • • * • 

• RsRp = (1/coC)2-. (uL)2', 
• . . * . . . 

• • • * * S • • 

where** * • # , * * . * . 

. * * Rs*#= series resistance = *Ro 

* • • ,* c *• • 

' , . . R-p =phrallel resistance = 1/GS opt. • • • . 

Thus, the.source conductance, l/R , is transferred to Gs opt. . . 

The values of Cj and L1, which provide the desired .transformation, "are easily found: 

. . . • 1/ojCj = Jsq * 520 = 160' * 

Cj % 1/6.78 X 108 X 160 = 9.2 mmf. 

This is exceedingly close to the optimum value, 10 mmf, determined experimentally. 

The coupling transformer can be considered in exactly the same manner as the input 
transformer. Here the 6AN4 is the equivalent first stage and the transformer transforms 
the source conductance, in this case the output conductance of the GL 6299, to the optimum 
transformed, conductance Gs opt , of the 6AN4. The optimum transformed impedance, 
l Gs opt, is about 520 ohms, determined in the same manner as for the GL 6299. The 
output impedance of the first stage, including the coil losses, is about 25 kohms. There¬ 
fore, the transformer must step this impedance down by a factor of about 50, which leads 
to a turns ratio of about seven to one. 

This tank is loaded by the input conductance of the 6AN4 through the turns ratio of L14. 
This loading ability accounts in large measure for the usefulness of the grounded-grid 
configuration as the second stage of most preamplifiers. If a grounded cathode stage is 
used as the second stage, the high-input impedance provides little loading on the preceding 
tank, with the result that the bandwidth of this circuit is exceedingly narrow. If resistive 
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damping Is resorted to, the noise figure suffers. The usual way to combat this situation 
is to employ feedback, which lowers the input impedance while avoiding the introduction 
of losses into the circuit. 

The calculations show that for optimum noise considerations, the second-stage con¬ 
tribution to the system noise figure is very small. Therefore, if bandwidth is an important 
consideration, a small amount of noise figure deterioration can be allowed in favor of 
obtaining a wider bandpass. The practical method of adjusting this circuit for particular 
conditions is to decrease the turns ratio of 1.14 by raising the tap position until the desired 
bandwidth is obtained or until the noise figure increases to a point beyond which it would 
not be acceptable. 

The output transformer merely transforms thé high-output impedance of the 6AN4 to a 
value compatible with the input impedance of the mixer hybrid junction. Matched conditions 
here are desirable if bandwidth considerations permit. However, if the bandwidth is insuf¬ 
ficient, the tap position must be raised, thereby reflecting a greater load across L21 and 
increasing the frequency response. 

First Mixer Converter 

The mixer in this unit is in the form of a hybrid junction. It is the lumped-constant 
counterpart of the familiar coaxial-line junction, commonly called the “rat race,” or the 
magic-T formed from a three-dimensional waveguide junction. It is composed of four 
reactive matching networks, each having the required image resistances, three of which 
have positive 90-degree phase shift and one having negative 90-degree phase shift. The 
networks are connected in the form of a ring, the input impedance of one serving to satisfy 
the image impedance requirements of its neighbor. The relationship between the terminal 
resistances and the circuit reactances is: 

l/wC = aL^RjRj, 

• • # 

where Rj and R2 are the terminal impedances of each network. The image resistance for 
each terminal of this junction is 300 ohms, which is the approximate impedance of the 
1N82A crystals at this frequency and local oscillator drive. The local-oscillator insertion 
terminal is located opposite the signal-input terminal. The relatively high isolation between 
these terminals prevents crosstalk and loss in signal. The signal and L.O. combine at the 
adjacent terminals in such a manner that the beat between them is 180 degrees out of phase. 
The 1N82A crystals which serve as loads for the hybrid are reversed in order that the 
heterodyned output signals may be combined in the proper phase for direct addition. The 
blocking condensors and pi filters allow the current from each diode to be monitored sepa¬ 
rately by the crystal current meter. 

I-F Amplifiers 

The signal at this point has been converted from 108 Me to 11.2950 Me by the 119.29 50- 
Mc translating oscillator. The output impedance of the mixer converter is about 150 ohms, 
and since we are still not out of the woods with regard to noise figure, it is advisable to 
transform the output impedance of the converter to a value which produces an i-f noise 
figure low enough to prevent undue contribution to the system noise figure. The input 
transformer, L30, is a tuned autotransformer with a step-up ratio of about 6:1. Therefore 
the input impedance is transformed to-about 6000 ohms, a figure compatible with low- 
noise figures of this stage. It is not necessary, in spite of the noisiness of pentodes, to use 
a circuit configuration other than the standard pentode arrangement for the first stage in 
this i-f amplifier. 
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The gain of each of these stages, V7 and V8, is about 30 db, a practical value at this 
frequency. The second i-f amplifier determines the system pre-detection bandwidth, so 
the bandwidth of the first i-f is set at a value which provides convenient tank components. 
As a result, the Q’s of the tank circuits in the first i-f amplifier are about 30, a convenient 
value. 

Both stages, comprising the first i-f amplifier and the first stage of the second i-f 
amplifier, have their operating point, hence their gain, controlled by AGC voltage. The 
transconductance, hence the gain, of 5654 tubes varies markedly with grid bias voltage so 
that a dc voltage proportional to the output signal level connected to these grids provides 
control of the gain of these stages. Because the dc operating point is the quantity that is 
being varied, it is unwise to depend upon the tube current to provide the operating conditions. 
In other words, there should be no cathode bias resistor or screen dropping resistor. 
Therefore, the cathodes of these stages are grounded and the screens are tied to a regu¬ 
lated 105-volt source. Thus the AGC voltage does not first have to overcome these volt¬ 
ages in order to control the gain. 

The output of the second stage, V8, is stepped down to a value compatible with the 
input impedance of the second mixer. The mixing of the signal with the local-oscillator 
voltage is accomplished by a form of resistive addition using the output impedance of the 
tube, V8, and the 1-kohm resistor, R25, in series with the output of the local oscillator. 
The combined signals are rectified and converted by CR3, the 1N82A silicon crystal. The 
input autotransformer, L40, is tuned to 470 kc, the difference frequency between the first 

'i-f, 11.2950 Me, and the second local oscillator frequency, 11.7650 Me. The output imped¬ 
ance of the converter is fairly low, about 300 ohms, so a step-up transformer is employed 
in order to obtain a good bit of passive gain. 

The tuned autotransformer, together with the tank circuits in the plate circuits of the 
following three stages, are essentially the sole pre-detection bandwidth-limiting networks. 
For the widest bandwidth, these tanks are all arranged to have very nearly the same Q, 
and since they are synchronous single-tuned circuits, the overall bandwidth is determined 
from the following expression: 

System bandwidth 

Single-stage bandwidth 
- = J21/n - 1, 

where n equals the number of tuned circuits. In our case, n equals 4, so the bandwidth 
shrinking factor equals 0.44. The single-stage bandwidth for the widest bandwidth position 
is about 70 kc, so the overall bandwidth is about 31 kc. Two other pre-detection bandwidths 
can be obtained by switching other tank circuits into the plate circuits of V9 and V10. 
These narrow-band tanks both have Q’s of approximately 90, so that when both are switched 
into the circuit, the bandwidth is about 3.4 kc. With one wide and one narrow, the overall 
bandwidth is about 4.9 kc (Fig. 4). 

In spite of the variation in bandwidth, the gain of these stages remains virtually con¬ 
stant. This results from the fact that the equivalent plate load resistor for all the tuned 
circuits remains constant, the change in the bandwidth being effected by varying the L/C 
ratio and not the load resistor. 

The signal at the output of the second i-f strip, plate of Vll, is connected to three 
circuits: (1) A 470-kc output via a cathode follower for monitoring and connection of the 
linear detector, (2) the AGC circuit, which detects the signal and feeds back a dc voltage 
proportional to the signal level, thereby maintaining a somewhat constant output level, and 
(3) the signal detector circuit, which demodulates the signal and connects the output via a 
cathode follower, V15, to a BNC connector for connection to an oscilloscope for visual moni¬ 
toring and to a meter which indicates signal level. 
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FROM 470 K.C. 

Fig. 4 - Minitrack telemetering receiver 470-kc i-f bandpass 

The constant-K filter in the detector circuit, C95, C96, and L44, is flat beyond the 
bandwidth limiting capabilities of the pre-detection circuits. Thus, the resulting overall 
bandwidth is essentially that of the pre-detection circuits out to the 3-db points, after 
which it falls more rapidly due to the post-detection bandwidth circuitry. 

The AGC detector utilizes a 1N351 rectifier which has its cathode tied to a variable 
positive voltage furnished by the output level adjust control. This voltage is the familiar 
AGC delay voltage, which prevents AGC action until the desired output level is attained. 
For an explanation of the operation of this circuit, assume that the control is shifted more 
positive. The signal voltage presented to its plate circuit is then insufficient to cause the 
1N351 diode to conduct. The AGC voltage will then rise toward zero voltage, which will 
increase the transconductance of the three stages controlled by the AGC voltage. Hence, 
the gain of these stages will increase, resulting is a sufficient increase in signal voltage 
applied to the AGC detector circuit to cause diode conduction and the resulting gain 
limitation. 

The rf gain control varies the negative voltage on the AGC bus. This limits and con¬ 
trols system gain until the input signal is sufficiently high to overcome this manual gain 
control. Additional operating flexibility is thus given the system. 

Cathode followers are used in the AGC and detected signal output circuits to isolate 
and reduce the impedance of the output signals. The duo-triode cathode follower used in 
this application exhibits several beneficial effects which a single triode unit does not 
possess. The second unit provides a low-impedance balancing voltage. Changes in plate 
voltage or heater voltage affect both units in the same manner, so that the meter reading 
is relatively independent of such fluctuations. In the event that either the positive 150 volts 
or negative 150 volts should fail or should not be applied concurrently, the meter is not 
damaged, there being not as great a potential difference across it as there would be if the 
meter return were grounded as in a single-stage cathode follower. 
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Crystal-Controlled Local Oscillators 

The 11.7650-Mc oscillator, V3, is the simplest type of TPTG oscillator, the crystal 
serving as a parallel-resonant tank in the grid circuit and oscillation being sustained by 
feedback through the interelectrode capacitance of the tube from the tuned-plate circuit. 
This oscillator is extremely stable, its warm-up drift being only a few hundred cycles and 
having a random short-term variation of only a few cycles. The output of this stage is 
coupled to V4, a 6005 tube, which amplifies, isolates, and transforms the output to an 
impedance suitable for insertion into the mixer circuit. The transformer in this circuit is 
the same type that is used for transforming the source impedance to the optimum value 
for minimum noise figures in the preamplifier. However, instead of transforming upward, 
this application requires that the high-output impedance of the 6005 tube be transformed 
downward in order to provide isolation and power to the variable attenuator, R17, and load, R25. 

In order to accommodate better the narrow bandpass of the receiver with respect to 
the variations in frequency of the incoming signal, the first local oscillator is made slightly 
tunable. It is still controlled by the crystal, however, and has excellent stability in spite 
of this tunable feature. The oscillator and reactance sections are enclosed within the 
single envelope of the 6AN8 tube, the pentode unit being the reactance tube and the oscil¬ 
lator being provided by the triode unit. 

The bridged-T oscillator relies on the negative transfer characteristics of the LC pi 
network (C3, L3, and C4 together with the plate-to-grid capacitance of the tube) to estab¬ 
lish proper feedback conditions. These values also include the stray capacitance that 
exists at the grid and plate of the tube. The oscillator is controlled in frequency by the 
crystal by virtue of the high cathode degeneration that exists at frequencies other than the 
series-resonant frequency of the crystal together with the rapidly changing phase shift in 
the vicinity of resonance. The crystal drive, i.e., power dissipated in the crystal, is main¬ 
tained by the proper relationship between C3 and C4. In practice, C4 is varied, which 
adjusts the drive, and the circuit is kept resonant by compensating for the change in C4 
by altering the value of C3. LI is the neutralizing coil for the crystal which resonates 
with the crystal-holder capacitance, thus making the crystal-circuit impedance high in the 
vicinity of resonance. 

The buffer amplifier associated with this unit is similar to the one in the 11.7650-Mc 
oscillator, except for the plate circuit values. Its operation is identical, and therefore 
the reader is referred to the previous paragraphs for information concerning this stage. 

The reactance tube alters the frequency by introducing a reactance across the oscil¬ 
lator plate circuit, the value of which depends upon the reactance tube gain, which in turn 
is manually controlled by a potentiometer located on the front panel. The operation of the 
reactance tube is conventional and straightforward, even though the application with 
respect to its operation on a crystal-controlled oscillator is somewhat at odds with the 
usual practice. The oscillator signal on the plate is shifted in phase by means of an RC 
integrating circuit, after which it is connected to the grid of the reactance tube. The 
voltage on the grid is converted to current fluctuations which feed back into the oscillator 
plate circuit. These current fluctuations are shifted, due to the integrating circuit, by 
about 90 degrees, with the result that the oscillator plate views them as though thay origi¬ 
nate from an inductance. The effect is as though there were an inductance introduced into 
the plate circuit which, of course, detunes the circuit slightly and pulls the frequency of 
oscillations. 

PLAN OF ACTIVITIES 

This equipment was designed and the prototype constructed at the Naval Research 
Laboratory by the Receiver Section of the Tracking and Guidance Branch of Project 
Vanguard. Ten of these units were manufactured by the Bendix Corporation. The equipment 
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