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abstract 

îhe P^P03® of thls effort was to Increase the capabilities of 
he transportable Passive Satellite Communications Terminal. Nfodifi- 

mi-sinn inc1*?9 9 n®w "X" band fe®d structure to permit trans- 
miosion and reception on either of two orthogonal linear polarizations 
adding a diplexer to permit reception of an "X“ band signal while ’ 

^ansmitting a 10 kw -X- band signal, and adding single 
sideband and double sideband suppressed carrier modulation ca££bility 
o the existing frequency modulated transmitter. In addition a 

stable frequency source was installed which has a stability aid 
accuracy of better than one part in lo9. Necessary frequency synthesi- 

tor8^orMradd3dti° Permlt chan«ine the transmit frequency from 7630 Me 
0 8330 Me and the antenna feed line was modified to permit operation 

at the new frequency of 8330 Me. K 1 

PUBLICATION REVIEW 

This report has been reviewed sad is approved. For farther technical ioforaatioo on 
this project, contact James W. Bailey, BCRR, extension 3185. 

Approved: 

Approved: 

AMES W. BAILEY 
Project Engineer 

T. B. 
/j Colonel 4 U 

///xinn-rl 

Chief f 'Communications Division 

FOR THE COMMANDERt Q ¿L-^J 
/^.IRVING J. GABELMAN 

Chief, Advanced Studies Group 

Hi 



blank page 



TABLE OF CONTENTS 

INTRODUCTION 

1.0 ANTENNA AND TRANSMISSION LINE SYSTEM 

1.1 Diplexing System 

1.1.1 Diplexer 

1.2 Antenna Feed Horn Assembly 

1.3 Dual Mode Transducer 

1.J* Receiver Polarisation Selector Switch 

1.5 Antenna Equipment Box Fan 

2.0 THE MODULATION SYSTEM 

2.1 Operation - Design Notes 

2.2 Balancing the Modulator 

2.2.1 Changes - Alterations 

2.3 Audio Phase Splitter (Quadrature Amplifier) DC-16-3022 

2.U Traveling Wave Tube Amplifier 

3.0 THE TIME BASE SYSTEM 

3.1 Stable Clock (Frequency Standard) 

3.2 VLF Phase Comparison Receiver 

3.3 0.903172 Me Frequency Synthesizer 

PAGE 

1 

3 

U 

10 

11 

13 

21 

21 

22 

27 

31 

33 

33 

33 

39 

39 

39 

1*7 

3.3.1 Specifications 

3.3.2 Introduction 

1*7 

1*7 

V 



TABLE OF CONTENTS - Cent'd. 

3*3*3 Theory of Operation 

The X-Band Receiver Local Oscillator Synthesizer 

PAGE 

47 

51 

3.5 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

3.4.5 

3.4.6 

3.4.7 

3.4.8 

3.4.9 

3.4.10 

Transistor Frequency Multiplier X4l5 (DC-16-3025-1) 

100 Me Amplifier (DC-16-3025-3) 

100 Me Power Amplifier (DC-16-3025-2) 

X-5 Varactor Multiplier (100/500 Me) DC-16-3014-2 

X-2 Varactor Multiplier (500/1000 Me) DC-16-3010 

X-2 Varactor Multiplier (1000/2000 Me) DC-16-3017 

X-2 Varactor Multiplier (2000/4000 Me) DC-16-3012 

X-2 Varactor Multiplier (4000/8000 Me) DC-16-3013 

X-2 Varactor Multiplier (100/200 Me) DC-16-3014-4 

Lower Sideband Upconverter DC-16-3005-4 

53 

58 

6l 

65 

68 

68 

71 

71 

74 

74 

Klystron Phase Servo Reference Frequency Generator 

3.5.1 X-6 Transistor Multiplier/Amplifier DC-16-3025-4 

3#5,2 DC-16-3014-1 FreqUenCy MultiPlier (120/360 Me) 

3,5,3 DC-16^3011^Or Fr0qUency MultiPli®r (360/8280 Me) 

78 

80 

85 

87 

700 Me Offset Frequency Generator 
90 

100 Me Amplifier DC-16-3025-3 

X-7 Varactor Frequency Multiplier DC-16-3014-3 

Upper Sideband Up Converter DC-16-3005 

90 

90 

93 

vi 



TABLE OF CONTENTS - Cont'd. 

U.0 OPERATOR'S CHECK LIST 

U.l Operation of Transmitter at 7630 Me 

h,2 Operation of Transmitter at 8330 Me 

h.3 Changing the Transmitter Polarization 

PAGE 

95 

95 

96 

97 

APPENDIX I 

APPENDIX II 

APPENDIX III 

APPENDIX IV 

Antenna Feed System De'/elopment 

SSB-DSB Modulator Theory of Operation 

Operation and Maintenance Notes - Test Data 

Design of A TE^q to TE^ Mode Transducer 

98 

104 

107 

117 

vii 



LET CF ILLUSTRATIONS 

figure N9t 

1-1 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8 

1-9 

1-10 

1-11 

Installation Assembly, Antenna Microwave Equipaient 

Receiver Bandpass Filter Response Characteristics 

Diplexer Schematic Diagram 

Test Information - Diplexer Unit 

Radiation Pattern of Feed Horn Alone 

Radiation Pattern of Feed Horn With Disc-On-Rod Element 

Completed Feed Assembly (Photo) 

Radiation Pattern of Completed 763O Me Feed Assembly 

Radiation Pattern of Completed 8330 Me Feed Assembly 

V5 rr,<,u,ncy For Co"Dl't»d 7630 Me 

FeeddAssembly ^1° V8 Frequency For Completed 8330 Me 

2-1 

2-2 

2-3 

2-4 

2-5 

2—6 

2-7 

2-8 

Functional Block Diagram of Exciter 

Left-Hand Transmitter Cabinet Before Medifleation (Pheto) 

Left-Hand Transmitter Cabinet After Modification (Photo) 

Rear View of Modulator Assembly (Photo) 

Implementation of Phase Discrimination SSB Modulation Technioue 

Performance Characteristics of MDL Model XL SSB Modulator 

Quadrature Amplifier Sc.-idmatic Diagram DC-16-3022 

Test Set-Up For Modulator Adjustment 

3-1 

3-2 

3-3A 

Time Base System Block Diagram 

FE 100QA Frequency Standard (Photo) 

Schedule of Constant Frequency Transmissions 
US Naval Radio Stations 

on VLF From 

No. 

5 

8 

10 

12 

14 

15 

16 

17 

18 

19 

20 

23 

24 

25 

26 

28 

30 

35 

37 

40 

41 

43a 

viii 



LIST OF ILLUSTRATIONS - Cont'd. 

figure No. 

3-3B 

3-30 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

3-10 

3-11 

3-12 

3-13 

3-14 

3-15 

3-16 

3-17 

3-18 

3-19 

3-20 

3-21 

W "d ^ BroadCMts S1“ 

British Government Low Frequency Standard Frequency Stations 

O.903172 Me Synthesizer Block Diagram 

Regenerative Frequency Divider Block Diagram 

Receiver Local Oscillator Synthesizer Block Diagram 

X4X5 Transistor Multiplier Block Diagram (DC-16-3025-1) 

X4X5 Transistor ifciltiplier Schematic Diagram (DC-16-3025-1) 

100 Me Amplifier Schematic Diagram (DC-16-3025-3) 

100 Me Power Amplifier Schematic Diagram (00-16-3025-2) 

X5 Varactor Multiplier (IOO/5OO Me) DC-16-3014-2 
Schematic Diagram 

X2 Varactor Multiplier (500/1000 Me) DC-16-3010 
Schematic Diagram 

X2 Varactor Multiplier (1000/2000 Me) DC-16-3017 
Schematic Diagram 

X2 Varactor Multiplier (2000/4000 Me) DC-16-3012 
Schematic Diagram 

X2 Varactor Multiplier (4000/8000 Me ) DC-16-3013 
Schematic Diagram J J 

X2 Varactor Multiplier (100/200 Mc) DC-I6-3OI4 
Schematic Diagram 

-4 

Lower Sideband Upconverter (8OOO/78OO Me) Functional Diagram 

Klystron Phase Servo Reference Freouency Generator (8280 Me) 
Block Diagram 

X6 Transistor Multiplier (20/120 Me) DC-16-3025-4 Block Diagram 

X6 Transistor Multiplier (20/120 Me) DC-16-3025-4 
Schematic Diagram 

X3 Varactor Multiplier (I2O/36O Me) DC-16-3014-1 
Schematic Diagram 

Page No. 

46 

48 

50 

52 

54 

55 

59 

63 

67 

69 

70 

72 

73 

73 

77 

79 

81 

83 

86 

lx 

'«i1*» 4it 



LIST OF ILLUSTRATIONS - Cont'd. 

Figure No. 

3-22 

3-23 

3-24 

3-25 

3-26 

X23 V«r»ctor Multiplier (320/8280 Me) DC-16-3011 
Schematic Diagram 

700 Me Offset Frequency Generator Block Diagram 

ShVAr??t0£,,*ilUplier (10°/700 Me ) 00-16-1014-3 
schematic Diagram 

Upper Sideband Upconverter /630/8330 Me Functional Diagram 

Uoper Sideband Upconverter (/630/8330 Me ) Structural Diagram 

1-1 

II- l 

III- L 

III.2 

III-3 

HlJt 

III-5 

Original X-Band Feed Assembly (Photo) 

Phase Discriminator SSB Modulator 

FOr M'*‘Urin* Sp,ctra of 

Bias Circuit For X-23 Multiolier 

Modification To Control Chassis Wiring 

Output Spectra X-23 Varactor Multiplier and U.S.U.C. 

Modulator Waveguide Change 

Page No. 

88 

91 

92 

94 

94 

99 

105 

108 

111 

112 

114 

116 

X 



INTRODUCTION 

The TFSC Terminal as originally designed consisted of a 10 Kw On X-band 

transmitter operating at 7630 Me and capable of being frequency modulated 

at baseband frequencies between 30 ops and 30 keps and an 3-b.nd mono- 

pulse receiving system capeble of providing automatic steering data to 

the antenna system as well as recovering the information traffic. 

The antenna system consists of a 30 ft. diam. paraboloid and a 5 ft. diam. 

cassegrainian sub-reflector on an azimuth and elevation mount which in turn 

is mounted on a trailer bed. 

The modification program reported herein was intended to provide the terminal 

with an X-band diplever, a very stable frequency standard and synthesiser and 

the capability of transmitting at X-bend using single sideband and double 

sideband suppressed carrier modulation techniques. A complicating factor 

in the implementation of the proposed terminal modifications was the future 

shift of transmitter frequency from 7630 Me to 8330 Me. This meant that 

the synthesiser would have to supply two set. of outputs, one for each 

radiated frequency. Because the X-band receiver installation was not 

scheduled until after the change in transmitter frequency, it ns not 

necessary to design the diplexer for operation at 7630 Me but a simple 

means of bypassing it was necessary. An additional flexibility feature 

of the modified terminal was to be the ability to trenamit at X-band using 

either horisontel or vertical polarisation and to receive at X-band using 

either horisontel or vertical polarisation, the choice of the latter to be 

independent of the transmitter polarisation in use at a particular time. 

In order to obtain this flexibility in polarisation it was necessary to 

modify also, the X-band antenna feed assembly. 
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The tr.n«i..lcm 11» ueed to tren.f.r p«.r fr» the X^vend tr»»mitter 

to the .„ten» f.«, polrt contain, ..ctloM ^ ^ elrcular 

«»Id. Propagating the TE01 clre»Ur »da. SU «*. tr,»ducer. are 

9mplorad t0 the transition fro. circular to octangular guide. 

Refeonc. to the aanuf.ctur.r-s data and .«ainati« of the .ode t«»- 

ducer. disclosed that the orlgUal transducer, would not perfon, properly 

•t the new transmitter frequency of 8330 Mc. ínginearing Change 

altered the contract to call for th. daaign, fabrication and installation 

of aix .ode transducer, haring a bandwidth of 6 to 1« at 8330 Me and an 

insertion lose of.0.025 db or lose. 



1.0 ANTENNA AND TRUWbiqn LINE SYSTW 

The tranantiasic., line ehich tranafera the 10 Kw X-bend output of the trans¬ 

mitter to the X-bend antenna feed element contains two rotary jointe and 

three different uaeegulde sisea. The terminal was originally designed to 

transmit at 7630 Me. At this frequency WR112 ware guide las a minimum 

attenuation of 2.5 db per 100 ft. and WR137 eereguide has a minimum attenu¬ 

ation of 1.6 db per 100 ft. This loss is significant aa is the difference 

in the losses of the two guides. The VA823 klystron amplifiers and the 

associated waveguide components inside the equipment van employ WR112 

(RG/51U) waveguide. Between the van and the feed elementa WR137 (RG/50) 

waveguide is employed wherever rectangular guide must be used. If rectan¬ 

gular waveguide were used for the entire run, the losses would be excessive 

even with VR137 »ide. In order to keep the overall transmission lose low 

3.0" ID circular mavegulde has been used wherever practical. The low loss 

properties of the circular guide are realised only when it is propagating 

the circular T^arxfc Any circular waveguide which will propagate a TE01 

mode at a giver frequency will al.o propagate several non-circular modes 

including the dr* r .r.t TElfl. In general, any disturbance in the guide 

which destroys ;ts ^rcular symmetry or alters the phase velocity of one 

part of the guide with respect to another will cause some of the energy 

in the desired Tt01 mode to couple to other non-circular modes. A feature 

of the TE0fl mode is that it produces no wall currents having components 

in the axial (Z) direction. As a result of this rotary joints can be formed 

by simply butting two guide sections end-to-end with a small gap between. 

The TE0|i mode will not excite the gap and radiate from it. The same is 

not true of the degenerate non-circular modes. These observations point 

to the urgent need of preserving a high degree of TE0>1 mode purity in the 

circular guide. For this reoson no bends can be formed in the circular 

guide. It is neceaaary to transform to a mote stable mode where bends 

9 



«U,t b. Incorporated. Beceuee of th, «y m whlch the „ïeguid<, is Uid 

out .ix mode treneducero ere required In the overall transmisaion line. 

The mode transducer. Inata lied m the originel llae are deacrlbl 

ta the Technical Report ¡»DC TDR.62.5OD o« 6a. The V3HR 

»reu. frequency of these transducers is given on Page 95. (figure M) 

of the same docuaent. Because of the rel.tiv.ly narrou bandwidth of these 

transducers it »a nec.as.ry to replace them in order to accommodate a 

transmitter fr.qu.ncy of 8330 He. The mod. transducer, installed „.lder 

Contract *f30(602)-2966 employ a folded series The to split the power 

incident on th. WRI37 part into two equal amplitude parts 180° out of 

Ptase. These two parts emerge in one-half height WRI3? guide. They then 

pess into a tapered transformer section which first transform, the TE0 j 

mod. in the half hsight VR137 guide to a TE0>1 sector mode and then 

gradually expsnd. the sector «igle, until the energy is transformed to a 

full circular TEq,! mod. at which point the guide cron, section becomes 

• 3 inch ID circular pipe. 

tac.pt for the mod. transducer., .11 other modifications to the Antenna . 

Transmisaion Lin. System are located in the equipment box, the feed box 

and the feed dome .top the antenna pedestal. Figur, Ul, uhlch 1. a 

reproduction of the feed system assembly drawing DC-16-3019, shows the 

addition, and chenges to the antenna mounted equipment. The principal 

iUm. are the diplexer 15 , the receiver polarisation suite., 16 , the 

dual mode transducer 9 , the feed horn assembly DC-16-3015-8, the 

receiver bando.,, filter (not ahown), .„d th. local oscillator multiplier 

assembly 27 . 

Diplexing System 

The requirements placed upon the diplexing system are a, follows: 

*. The system must be capable of radiating a minimum transmuter newer 

Of 10 Kv cv; *t either 7.630 Gc or 8.330 Gc. 
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Figure 1-1. Installation Assembly, Antenna Microwave Equ 

s 



*+90 ** 
# ' 

ÄPP- /i - • 

to**'*!**'**' 
I r it ZM€ i i 0+e. 

•ß0*ß-^y * \ s 

* #< , * 

^vvtf i # 

»•*XH» 

fs~é. 
\ IL**» 

. *«#» 
l3.éV» 

,Jc#»- 
Jjc£/<. 

-’-■**• ' 
te'« , vj# 
*»* t.0**** 
Hf4 . -«J# 

o.« 
k->.W _ , «r«.* , 

hj» « _ ^a» *■. 
«,:■ ,* * I **fcV 

Iv ®./ , 

kX> W ’ ê 
9 ' 

\i>l* + t OtM»c i 

*& S >o*\eé 
*.«w •‘i/^ji. 

.rk *\.¿ » 

r>/*T> ' ¿+JkéMé - 
mcu-» ? *«*/n 

«J* ?'< OU*léé 

>09 <m COO*Ké* 
*-9 9 . O* *** S 

Í ? * TC+* - 
•* # 5 '€•*** *¿ 

‘‘OC 9 . 4*MU 

»3 3 /* V'V' 

v5 <éf 0*Ht*0 

' '3 • > ’ 4*..J4*3f 4» 

C^üo 'vt/f 4 ,- 

~ 9 PÏ + . 
3 ^ fit—** 

• ' » /.<«»•. 

—1_ . — 
-/»¡TVéïiOTB. ,. , 

"»irm. 

HÄ~38F5tT% 
DOOM 1 

ve Eqii 



Figure 1-1. Installation Assembly, Antenna Microwave Equipment 

6 5 



blank page 



B. The system must he capable of receiving frequencies in the range 

from 7.690 Gc to 7.790 Gc while simultaneously transmitting at a 

frequency of 8.330 Gc. 

c. The system must be capable of radiating either vertically or hori- 

zontally polarized waves. 

D. The system must be capable of receiving vertically or horizontally 

polarized waves independently of the polarization being radiated. 

E. The system must not contribute more than 0.5 db additional loss in 

the transmission path over that existing prior to this modification. 

F. The insertion loss of the reception path from the feed horn assembly 

to the receiver input port must not exceed 0.75 db over the receive 

pass band 7.690 Gc to 7.790 Gc. 

G. The system must attenuate power at the transmission frequency to 

a level less than -30 dbm at the receiver input port. 

H. The overall system must attenuate portions of the transmitter 

spectrum lying within a band of plus or minus 10 megacycles of the 

receive frequency (7.730 Gc) to a power level less than -130 dbm 

at the receiver input port. 

The diplexer satisfies these requirements by providing five possible 

signal flow arrangements. Each of these will be considered below. 

Transmitter On 7.630 Gc - No Receiver 

In this set up waveguide section DC-16-3003-8 is removed and section 

DC-16-3003-1/* is substituted. This bypasses the diplexer and connects 

the transmitter directly to the dual mode transducer. 

Transmitter on 8.330 Gc - Transmitter and Receiver Vertically 

Polarized 

In this configuration the transmitter signal passes through the diplexer 

(0.05 db insertion loss) directly to the vertical port of the dual mode 

7 



transducer. The received signal passes through the diplexer (0.15 db 

Insertion loss) and the receiver bandpass filter (0.3 db insertion loss) 

to the receiver input port. The horisontal port of the dual mode transducer 

is connected through the waveguide switch to a waveguide load. Isolation 

of the diplexer at 8.330 0c is greater than 50 db. The receiver bandpass 

filter attenuation to 8.330 0c is greater than 60 db so that the total 

isolation is more than 110 db. The transmitter power level is »70 dbm. 

The transmit frequency power level to the receiver is -I4O dbm or less. 

Transmitter On 8.330 Oc - Transmitter and Receiver Horizontally Polarised 

This configuration is identical to the one described above except that 

the dipiexer output connects to the horisontal port of the dual mode 

transducer. 

Transmitter On 8.330 Gc 
horizontally PolarizeS" ■ Transmitter Vertically Polarized - Receiver 

For this condition the transmitter signal passes through the diplexer 

(0.05 db insertion loss) to the vertical port of the dual mode transducer. 

The receiver port of the diplexer is terminated in a load via the waveguide 

switch. The received signal is taken from the horisontal port of the dual 

mode transducer (U, db isolation), pwse. through the receiver bandpass 

filter (60 db attenuation to 8.330 Oc) via the waveguide switch to the 

receiver input port. Total isolation at the transmitter frequency is 10U db. 

reHkaliThSari^d 00 * Tr,na"lttar Horlsontally Polarised - Receiver 

This condition is identical to the one above except that the horisontal 

and vertical ports of the dual mode transducer are interchanged and the 

waveguide switch is in the .Iterate position. Measured characteristics of 

the receiver bandpass filter are given in figure 1*2. DM.H, ^ 

remaining portions of the dlplexing system are described below. 
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l-l.l Diplexe r 

Th. diplex«r permits the entern» feed horn .»sembly to be used eimulU- 

neoualy both for trensmisaion and reception at X-band. It is designed 

to allow transíalas ion in a band extending from 8320 Mo to 8360 Mo and 

reception in the bend between 7690 Mo and 7790 Mo. The naxlau« insertion 

loa. in the transa, lesion path ( transai tier to antenna) is lees than 0.15 

db. Insertion loss in the received signal path is less than 0.3 db. A 

schenatic representation of the TPSC Terminal diplexes is given in 

Figur» 1.3, 

To Antenna 3 db 
C H D 

r 
Bandpass 

Filter at FR 

3 db 
G H £ 

Y 

Built 
in 

Load 
From Trans, 

o 
R 

A I B 
D 

Bandpass 
Filter at FR 

b - 

R 
H I F 

D 

Tn D.vkw. IO OC VTe 

Figure 1-3 

In this configuration, the pass band of the filters is centered on the 

received frequency. The filters ere designed to reject the transmitter 

frequency. Being non-dissipative, the filters reflect power at frequencies 

outside of their pass hand. Power from the transmitter enters the short 

slot sidewall hybrid at "A". The two bandpass filters at "B" and -d* appear 

as short circuits. The action of the hybrid is such that the voltage at 

"B" is advanced in phase - U5° beyond the value it would have were the slot 

not present. The voltage at "D" leads the voltage at "B" by 90° or it has 

been advanced a total of 135°. Any energy reflected from "D" which couples 

back through the slot to -A" will have been advanced a total of 270°. Any 

energy reflected from "B" which appears at "A" will be advanced 90° and 

will be in exact phase opposition to the energy coupled back from "D". 

Energy reflected from "D" which does not couple back will appear at "C" 

10 



with a total phase advance of 135° ♦US0 or 180°. Any energy reflected from 

B and coupled through the slot, will appear at C with a total phase advance 

of US° ♦US ♦ 90 or 180 and will add to the component reflected from D. 

Therefore, all the enerjy entering port A exits via Port C. 

Received energy enters Port C. One half of it couples through the slot and 

appears at B. The remaining half of the power appears at D. The bandpass 

filters present a matched load impedance at the received frequency and the 

energy at D mad B passes 00 to 0 and H. Because of the hybrid action, the 

volUge st B lesds the voltage at D by 90°. Also, the volUge at H leads 

that at G by 90°. 

VolUge from G.appearing at F will be advanced 135°. VolUge at H is 

advanced 90° over G. VolUge at F from H will be advanced 90° ♦ U5° or 

13S° over G and will add in phase to that from G. VolUge at E from G 

will be advanced U5°. VolUge at E from H will he advanced over G by 

90° ♦ 135° - 225°. Therefore, no onsrcy exists st E and all energy exits 

at F. 

The diplexer used in the TPSC Terminal modification was obUined from 

Microwave Development Laboratories. Specified and measured perfonnance 

daU on this unit are Ubulated in Picure lJU. 

Antenna Feed Horn Assembly 

The feed hem .ssemhly is looted inaide the plastic feed dome between 

the four S-bend feed elements. It consists of s right circuler conic 

horn having a mouth diameter of 1.55 Inches and a ciiac-on-rod slew wave 

element. Some of the energy radiates directly from the horn and propa¬ 

gates forward at the velocity of light. The remaining energy becomes 

trapped on the dlac-on-rod element and propagates forward at a velocity 

n 



TEST INTONATION DIPLEXER UNIT 

156-001 

Per Spec. 111-002-1 - Rey. 1-12 June 1963 

REQUIREMENTS 

Transmitter Link» 

Receiver Link» 

Isolation» 

Insertion loss; less than 0.15 db frosi 8.320-8.360 Oc 

VSIR; less than 1.10»1 from 8.320-8.360 Uc 

Insertion loss; less than 0.3 db from 7690-7790 Gc 

Transmitter to receiver link; greater than LO db from 

8.320-8.360 Gc 

TEST DATA 

Insertion Loss Transmitter Link: 

Insertion Loss Receiver Link: 

VSWR Transmitter Link: 

Isolation Transmitter to Receiver* 

8.320 

8.3liO 

8.360 

7.690 

7.71*0 

7.790 

8.320 

8.31*0 

8.360 

8.320 

8.31*0 

8.360 

0.05 db 

Less than 0.05 db 

0.10 db 

0.15 db 

0.10 db 

0.20 db 

1.03»1 

1.035*1 

1.05*1 

Greater than 50 db 

Greater than 50 db 

Greater than 50 db 

Pleura 1J* 
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less than the ▼elocltj of light. The ▼actor sw of the direct radiation 

and the phase retarded radiation from the sloe wave element la a narros 

focused beam. The wave fronts are retarded near the axis of the horn 

causing the rays to tilt toward the axis. Figure 1-5 is a radiation 

pattern obtained using the horn only. Figure 1-6 Is the pattern obtained 

when the disc-on-rod element was inserted. Both the horn alone and the 

disc-on-rod element have broader bandwidths than the complete assmably. 

The overall bandwidth is narrowed primarily because of the resonant nature 

of the rod supports. It is possible to obtain a small amount of tuning in 

order to trim to a low V3WR by axially positioning the disc-on-rod element 

and by moving the tip loading nut inside the horn mouth. This is not a 

recommended field adjustment as the adjustment is critical. 

The feed horn assembly la symmetrical about the center. It appears 

exactly the same to a horisontally polariaed wavefront as it does to 

a vertically polarised wave. The feed horn itself is equally adaptable 

to vertical, horlsontal or circular polarisation. The mode pattern in 

the throat of the horn and in the circular guide behind it is the TE^ 

which resembles the TE1>0 rectangular guide mode. (See Figure 1-7.) 

1.3 Dual Mode Transducer 

The dual mode transducer Is the three-port waveguide Junction located Just 

inside the forward bulkhead of the feed box and directly behing the 1.01*6" 

diameter circular guide to the feed horn. The basic property of this 

Junction is that it allows the feed horn to be driven with both horisontally 

and vertically polarised waves simultaneously without interaction of the 

sources. In this apolication it is possible to be transmitting through 

one rectangular guide on a given polarisation and to simultaneously receive 

the perpendicular polarisation through the remaining rectangular guide. 

When the circular guide is terminated in a matched load, the isolation 

13 



Figure 1-5. Rad.a*iun Pal’.crn of Feed Horn Alone
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Figure 1-6, Radiation Pattern of Feed Horn with 
Disc-on-Rod Element
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Figure 1-7. Completed Feed Assembly Showing Horn, 
Disc-On-Rod Element and Dual Mode Transducer



Figure 1-8. Radiauon Pattern of Completed 7630 Me
Feed Assembly



Figure 1-9. Radiation Pattern of Completed 8330 Me
Feed Assembly
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between the rectangular guide ports Is over Uh db. The dual aode trans¬ 

ducer peraits the selection of either of two polarisations at right angles 

to each other and in the case of transmission and reception on crossed 

polarizations, it performs a diplexing function. 

l.U Receiver Polarization Selector Switch 

This waveguide switch pemits the X-band receiver to be connected either 

to the receiver port of the diplexer, in which case reception is accca- 

plished with the same polarisation as the transmitter, or to the croes 

polarized port of the dual mode transducer, in which case reception is 

on a polarization perpendicular to the transmitter polarization. This 

switch is remotely controlled by a toggle switch on the control panel in 

the equipment van. Internal indicator contacts in conjunction with a 

panel lamp give the operator a positive indication of the waveguide switch 

operation. This is a four port transfer switch. It will be noted that 

either the diplexer receiver port or the unused arm of the dual mode trans¬ 

ducer may be used for reception but not both at once. The unused port is 

connected via the waveguide switch to a matched dmmy load. The waveguide 

transfer switch permits the operator to instantaneously select a receiving 

polarization identical to that of the transmitter or one at right angles 

to it. It does not permit changing the transmitter polarization. The 

transmitter polarization can be changed by manually shifting the two 

waveguide pieces (DC-l6-500;-6 and DC-16-5003-5) Indicated la Figure 1-1. 

Ihls operation revenes the sense of the receiver polarization 

with respect to the waveguide switch position. For this reason the control 

panel has not been engraved with an absolute indication of receiver polari¬ 

zation. 

1.5 Antenna Equipment Box Fan 

A blower has been added to the equipment box to provide an increased air 
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flow through th. box whon th. totom.! Umper.ture in the vicinity of the 

diplexor ex«.d. lOOT. Th. blower ..tor i. . two ph... induction «tor. 

* Í.0 .icroferud oil cp.citor provid., th. required ph... .hlft for the 

second winding. The ventile tor to which th. blower is .ttech.d conte ins 

«> .ir filter which should b. in.pect.d poriodicelly end clsemd es 

n«e««Mr7. 

THE HODPLATIOW STST« 

*hi. ..etion will deel only with th. singl. .idebend .„d double sideb.nd 

«pp»..«! c.rriur .cduUtion .qui^nt ^ euxillery devic„ «d. n.c.se.ry 

hy it. addition. It will ».t dwl with th. BC circuitry .. thi. h.s not 

bo« altered and la described in detail KADC-TDR-62-SoS. 

*-l la a reproduction of the «citer block die gram from Page h? 

of the TDR-62-502. The module tor. ,dd.d under thi. Contract (AP-30(602)- 

29U.) are ioeerted in th. .ignel p.th ImmedUtely following the 1128 

snwator «ItlpU«. IWy operet. upon the 76» Me carrier fro. the «i.ting 

Modulator-Exciter. Whan they are in use, frequency modulation of the 

cerner le prevent«! by removing th. modulation voltage from the input to 

th. operational a^iirur im the ncll*,. front panel control, are 

provided by which the operator mmj bn»., the SSB and DS3C modulators for 

atreight IM operation, ále. provide ere . ..itch for selecting SSB or 

D6SC module ticos and . gain control for setting the module tor output power 

t-i is a photograph of th. left h.nd transmitter cebinet prior to 

th. modification .nd «««„ 2-, ehow, the sa*, .re. after the modiflc.- 

tion. were c<»,pl.t«i. m flgwe a.2 the box in th. upper left hand 

comer of th. cabinet i, th. 1128 multiplier. The horixontel waveguide 

run the top of the cabinet opening is the connection between the X128 
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Pi^re 2-2. Left Hand Transmitter Cabinet Before Modification
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Figure 2-4. Rear View of Modulator Assembly
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multiplier «nd the power amplifier. In Figure ü-3 tne 1128 multiplier 

box has been rotated 90°. The hori.ontal waveguide at the top of the 

photograph is the output connection between the modulator and the power 

amplifier. The vertical waveguide near the center of the photograph 

connects the output of the 1128 multiplier to the modulator assembly. 

Figure 2J* ia . rear view of the modulator assembly showing somewhat 

more detail. The signal flow and switching arrangement can be traced 

on this photograph. When the panel controls are set to •FW", the signal 

leaving the X128 multiplier at the upper right of the photo passes through 

the 900 E-plane bend, flexible coupler and bend to the pole of the 

solenoid operated waveguide switch, (triangular piece at lower left). 

It passes through the switch, the 30° E-piane bend, the 90° E-plane 

flexible coupler and another 30® E-plane bend to port 2 of a second 

waveguide switch. From the pole of the second switch, the signal goes 

to a waveguide-to-coax adaptor to the input of the traveling wave tube. 

The output of the tube is coupled through a coaxial cable and another 

adaptor to the horizontal output wveguide at the top of the photo. 

When the panel control is set to "AM* the path between the two waveguide 

switches is via the D8C-38B modulator assembly at lower right center of 

the photo. Visible just above the TWT is a small blower used to cool 

the collector. 

Operation - Design Notes 

The need to maintain the transmitter center frequency accurate to within 

one part in ten to the ninth or better, the non-linear amplitude response 

of varactor frequency multipliers and the desire to employ the existing 

equipment to the fullest practical extent led to the modulator configu¬ 

ration shown in simplified block diagram form in Figure 2-3. 
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Figure 2-5. Implementation of Phase Discrimination 
SSB Modulation Technique 
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This system employs the same time base and the same multiplier chain as 

the FM modulator and operates on the carrier at the X-band transmission 

frequency. Because both the 1128 multiplier output and the power ampli¬ 

fier input were in WR112 waveguide it was decided to build the modulator 

in this size waveguide also. 

The phase diacrimlotion method of single sideband modulation is employed 

in this system. In this method the outputs of tuo baUnced modulators 

are combined ln «ich a «ay that one sideband frequency is cancelled. In 

order to accomplish this cancellation it is necessary that the two balanced 

modulator outputs be equal and that both the carrier voltage and the modu¬ 

lating voltage of one balanced modulator be 90° out of phase (in phase 

quadrature) with those of the other balanced modulator. Under these 

conditions one of the sidebands of each modulator will be in-phase with 

its counterpart from the other modulator whereas the other sideband 

outputs will be 1800 out of phase (phase opposition). Sunning the outputs 

of the two balanced modulators produces the required single sideband output. 

The output of the balanced modulators contains no carrier ' jmponent if the 

batanee is perfect. Division of the carrier frequency power into two equal 

amplitide parts 90° apart in phase is accomplished using a 3 db short slot 

sidewall hybrid Junction. Two magic tee balanced mixers are used as 

balanced modulators. Summation of the outputs of the two balanced modu¬ 

lators occurs in a third magic tee Junction. The degree of carrier suppres¬ 

sion obtainable with the modulator depends upon how well each balanced 

modulator is balanced. This balance is influenced mostly by the crystal 

holders and crystals. Merely inserting »matched crystal pairs” will not 

produce good carrier suppression. In order to be able to compensate for 

crystal and holder irregularities four tuning screws have been added to a 

very short guide section ahead of each balanced mixer. 

29 
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Balancing the Modulator 

It may become necessary to readjust the modulator balance if diodes are 

replaced or if the carrier frequency is changed. Two problems are encoun¬ 

tered if an attempt is made to balance the modulator directly using modula¬ 

tion frequencies in the audio range. These concern the difficulties 

encountered in obtaining a 90° phase shift at audio frequencies and in 

obsenring sidebands only a few thousand cycles away from an 8000 megacycle 

carrier. Because the misters are very broadband with respect to the nomal 

baseband it is permissible to do the balancing at a modulation frequency 

of a few megacycles. This permits observation of the first several side¬ 

bands on generally available spectrum analyzers and allows the use of an 

electrical quarter wave-length coaxial cable a, a phase shifter. Phase 

trimming can be accomplished by varying the modulation frequency. Using 

the test set-up shown in Figure 2-6 proceed according to the following 

sequence of steps. 

1. If the modulator diodes have been removed, make sure that each 

balanced mixer contains a forward and reversed crystal in the corres¬ 

ponding holders. It will be impossible to effect a balance unless 

each mixer has a forward and a reversed crystal. Inter-changing a 

forward and reverse diode of a pair will result in production of the 

opposite sideband and suppression of the desired one. The same is 

true of interchanging the modulation leads to the mixers. 

2. Remove waveguide sections below the power set attenuator AT and 

attach a matched X-band power meter padded to measure from 1 to 200 

milliwatts. Adjust AT _1_ to get a power level between 10 and 15 

milliwatts. Remove the power meter and replace the waveguide section(s) 

that were removed. 

31 



3. Set the modulation switches to »AM« and »SSB« respectively. Connect 

the TVT output through suitable matched pads to the spectrum analyser. 

Enough padding must be provided to prevent overloading the analyser 

when the TVT output is 1.0 watt. Note that overloading the analyser 

may result in a presentation of acceptable appearance but one in 

which additional spectral components are present due to interaiodula- 

tion products produced in the analyser front end. Use only enough 

power to the analyser to obtain a reasonable signal to noise ratic 

in the presentation. 

1*. With the normal audio cables to the modulator in place but with no 

modulating voltage applied, locate the carrier on the analyser screen. 

Adjust the modulator tuning screws to minimise the carrier frequency 

output. 

5. Ramon the audio cables to the modulator and connect the S Me signal 

generator, the two adjustable attenuators and the 90° phase shift 

line. Using a good RF voltmeter, adjust the RMS voltage at each 

mixer to 0.2$ volts. Maintain this level. Observe the appearance 

of sidebands 5 Me above and below the carrier. Adjust the modulation 

frequency to minimise the unwanted sideband while maintaining equal 

voltages at the two mixers. Adjust (retouch) the modulator tuning 

screws to minimise the carrier and the unwanted sideband — as well 

«a the higher order sidebands. With careful adjustment, it is possible 

to obtain a suppression of all responses of at least 30 db below the 

desired sideband. 

0. Either the upper or lower side bend can be euppreseed. The relative 

phaelng of the carrier and modulation frequenciea to the two mlxere 

determines which eideband is suppressed. Reversing the modulation 
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cables will interchange sidebands. The selection of the sideband to 

be suppressed must be competible with the receiver to be used to 

receive the signal. Use of the wrong sideband will invert the received 

spectrun. 

7. Return the equipment to the normal configuration. 

Changes - Alterations 

After the photograph of Figure 2-4 was prepared, two waveguide attenuators 

were added to the modulator assanbly. These are Waveline Model 513, 20 db 

power set adjustable attenuators made in WR112 sise guide. One unit has 

been installed in the vertical guide at the left of the photo Just above 

the short piece of flexible guide. It provide, a mean, of adjusting the 

power level to the modulator. The second unit is installed where the curved 

section of flexible guide is shown in the photo. It provides a means of 

adjusting the attenuation of the modulator bypass path so that it may be 

»ad. approximately equal to the modulator insertion loss. The input power 

set attenuator is designated AT-1, the bypass path attenuator is AT-2. 

Audio Phase Splitter (Quadrature Amplifier) DC-lA-ViOo 

This unit splits the audio information signal into two parts having equal 

amplitudes and which are 90° apart in phase. It does this for all fre¬ 

quencies in the band from 300 to 3000 cps. Balancing and gain adjustments 

have been provided. Readjustment of the balance control (R-7) in the field 

is not recommended. R-23 permits equalisation of the two output voltages. 

R-l is an overall gain set adjustment. (See Figure 2-7.) 

Traveling Wave Tube Amplifier 

The insertion loss or (conversion loss) of the single sideband modulator 

is approximately 10 db. The spectral composition of the output is best 
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Figure 2-7. Quadrature Amplifier Schematic Diagram 
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Teat-Set-Up For Modulator Adjustment 

Figure 2-8 
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when the carrier power lewel la between 10 end 15 milliwatt*. Under these 

conditiona, the modulator output la typically between 0.2 and 1.0 milliwatt. 

The power amplifier ia designed to operate from a 200 mw driver. The modu¬ 

lator requires an amplifier having a nominal gain of 30 db. The TWT 

provides this gain. 

1.06 A 

0.52 ma 

2.58 ma 

15 ma 

The tub. used is . SjrlT.níe SIT-U73C. It hss . „o.in.1 1.0 watt output 

end over 30 db gain In the band from 7.0 to 12.1. Oc. Each tube is marked 

with the lead identification and the proper operating voltages. Operating 

voltages for serial number 51576 are* 

Heater 6.3 V at 

Grid 1 ^7.0 y at 

Helix +21*75 V at 

Collector +21*75 V at 

The power supply for the traveling wave tube la a commercial unit 

(EH Research Laboratories, Inc. Model 510). It is located in the auxiliary 

equipment rack No. 18. Front panel controls are self-explanatory. The RF 

gain control adjusts the grid 1 volUge and directly affects the cathode 

current. Cathode current for the STT-U273G should not exceed 16 milli¬ 

ampères. The vendor’s instruction manual has been supplied under separate 

cover and should be consulted for servicing information. The collector of 

the tube is cooled by a small blower mounted directly over it. The blower 

motor is wired through the traveling wave tube power supply switch. It 

will run whenever the power supply is "on'*. 

The traveling wave tube should be operated unsaturated whenever single 

sideband or double sideband signals are present to avoid severe distortion. 

Saturation input power will vary from tube to tube. Tte input power should 

always be less than one milliwatt for linear operation. 
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3.0 THE TIME BASE SYSTEM 

The Tune Base System (Figure 3-1) consists of the stable sUtion clock, 

the very low frequency phase comparison receiver, the 0.903172 Me 

synthesizer, the X-band receiver local oscilUtor synthesizer, the exciter 

offset frequency generator, and the klystron phase servo-reference signal 

generator. 

-'table Clock (Frequency Standard) 

The heart of the Tine Base System is the subie clock and the very Ion 

frequency phase comparison receiver. The stable clock employed in tto 

TPSC Teraiinal is a crystal controlled sUndard made by Frequency Electronics, 

Inc. and designated as Model FE-100C*. This unit has a drift rate of 1 or 

2 parts in 10l0 per day. The short term sUbility (under one seconi) is 

? parts in 10^. Outputs at 100 K6, 1.0 Me and 5.0 Me are available at a 

level of one volt HMS across 50 ohms. The clock is powered by an internal 

X power supply and an internal battery pack. It will automatically con¬ 

tinue to operate on the internal battety pack for 20 hours following 

interruption of the 115 volt power. Mo frequency change or phase dis- 

continuity occurs at switchover, 

A front panel frequency trimming adjustment is provided. A digital dial 

on this adjustment pemits setting frequency increments of one part in 

1010 into the clock. Dial accuracy deteriorates at either end of its 

range. 

The vendor's operating and service data for this unit are being supplied 

under separate cover. 

V1»F Phase Comparison Receiver 

In order to mainUin the absolute frequency accuracy of the frequency 

standard to one part In ten to the ninth over periods greater than one 
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week, it ia necessary to compere it with some primary standard and make 

periodic corrections. Ordinarily, the drift rate decreases with aging so 

that corrections are required less frequently as the standard ages. 

The VLF comparison receiver permits a continuous comparison of the standard 

frequency against VLF standard frequency stations operated by various 

agencies. The receiver installed at the TFSC Terminal is a single channel 

receiver tuned to NPO/NLK Jim Creek, Washington (18.6 Kc). Three more 

channels can oe added oy purchasing additional plug-in RF heads, if 

necessary. With additional RF heads installed, any one of four channels 

can be selected by means of a front panel selector switch. 

At 18 Kc one part in 10* is 18 (10-6) cyclea per second (18 millionths 

of a cycle per second). Thia is equivalent to 6.U8 (10-3) degrees per 

second. These magnitudes indicate the very small increments which must 

be measured in order to compare frequencies to a precision of one part 

in iO?. 

The TFSC Terminal VLF coeiparison receiver continuously compares the phase 

of the VLF reference station with that of the local frequency standard. 

The difference in phase is presented as a lateral displacement on a strip 

chart recorder built into the receiver. The instantaneous position of 

the trace represents the instantaneous phase difference. The displace¬ 

ment of the trace with time represents the total phase change over the 

interval. The slope of the trace, slope - - A f, is the average 

frequency difference. The sensitivities and scale factors are such that 

a frequency offset of one part in 1010 can be easily read from the 

recording. 

During the periods when the propagation path to the VLF reference sUtion 

is passing from daylight into darkness and vice versa, the propagation path 
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length is undergoing a change due to the change in altitude of the 

reflective layers in the ionosphere. This produces a doppler shift in 

the received frequency of the VLF station. The shift so produced may 

be a few parts in 109; consequently, it is not desirable to make frequency 

comparisons during the hours of the diurnal shift in the ionosphere alti¬ 

tude. 

It is entirely possible to design a closed loop automatic frequency 

correcting system. Such a system would, however, produce unwarranted 

perturbations in the standard frequency due to the diurnal shift and/or 

other temporary disturbances. It is preferable, therefore, to manually 

interpret the recordings and to make periodic manual corrections to the 

standard. 

Operating instructions, servicing data and parts liats are contained in 

the vendor’s manual supplied separately. 
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ü. S. NAVAL OBSERVATORY 
WASHINGTON 25, D.C. 

scheduu; OF CONSTANT FREQUENCY TRANSMISSIONS 
ON VLF FRCW U. S. NAVAL RADIO STATIONS 

NAA 

NBA 

NPG/NLK 

NPM 

NSS 

Cutler, Maine 

Balboa, C.Z. 

Jim Creek, Waeh. 

Lualualei, Hawaii 

Annapolis, Md, 

Frequency, 

- kc/a 

17*8 (with FSK) 

2U.0 

18.6 

19.8 

21.4 

Radiated 
Power, 

—Si-- Maint enanca 

1000 As required 

30 (1300 to 2100 UT) 
( each Wed, ) 

250 (1600 to 2400 UT) 

( each Thurs. ) 

100 (0900 to I700 UT) 
( each Wed. ) 

100 As required 

First 4 minutes, one 200-millisecond 
Next 3 minutes, key down. 
Next 3 minutes, key up. 

pulse every 2 seconds. 

^ »inutes, key down. 
Next 3 minutes, key up. 

<3) ^Y.Tn7.:%rd^:“lm,,C0"d «•«T .«end. 
Next 3 minutes, key up. 

(4) FSK for 1/2 hour endin* at the odd hour. 

Special Trans.j 
minutes of 

_ each hour 

30 to 40 (1)*(4) 

4 to 10 (2) 

40 to 50 (1) 

50 to 60 (3) 

50 to 60 (1) 

Figure 3-3A 



NOTES 

in the above schedule hav^been stabilizedVith^iïh7^ transmltter8 listed 

interval.cal^bration or Treouen^Ä ^ 

ti*î: 11,6 m0dUlÄUOn 18 n0raal^ ^ However, other types «nay be used at 

Pulses tranaiflitterfríia^the^títioíÍs^re^Sld^6? continu0U8l.v from NBA. 
•re not tine signal pulees. provided for special tests; these 

Variations may 

these changes is Ã^oun« t0 ' Notice of 
practicable. service Announcements as rapidly as is 

T* S. Baskett 
Superintendent 



PROPOSED SCHEDULE OF NBS VLF AND LF BROADCASTS 

FROM SITE NEAR FT. COLLINS. COLORADO 

* 

WWVB WWVL 

Carrier Frequency 60 Kc/s 20 Kc/s 

Coordinates 1*0° iiO’ 29" N 
105° 02' 3d" w 1*0° 1*0' 51" N 

105° 03' 02» W 

Carrier Frequency 
Offset from Cs 

-130 X 10"10 -150 X 10-10 
1963 1961* 

-130 X IO"10 -150 X IO-10 
1963 1961* 

Program Time Signal Modulation (DSB)t 
Second markers - A pulse of 

5 cycles of 1 Kc/s. 
Minute markers - A pulse of 

1 Kc/s for 1/1* sec. duration. 
Hour markers - A pulse of 1 Kc/s 

for 3/1* sec. duration. 

1 sec. alternate trans¬ 
mission of 20 Kc and 
experimental sideband 

Schedule of 
Operation 

Continuous Continuous (except to 
permit experimental 
changes) 

Station 
Identification 

Keyed 600 c/s modulation, 
using International Morse 
Code, of call letters, 
repeated three times on the 
hour and every 20 minutes 
thereafter. 

Keyed carrier, using 
International Morse Code, 
of call letters, repeated 
three times on the hour 
and every 20 minutes 
thereafter. 

Frequency Offset 
Iden Lification 

Keyed 600 c/s modulation, 
using International Morse 
Code, of frequency offset, 
to immediately follow the 
station identification 
keying. The letter M will 
be used for minus sign. 

Keyed carrier, using 
International Morse Code, 
of frequency offset, to 
immediately follow the 
station identification 
keying. The letter M 
will be used for minus 
sign. 

Figure 3-3B 
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BRITISH GOVERNMENT LOW FREQUENCY 

STANDARD FREQUENCY STATIONS 

Estiaated radiatad power. 

Notes 

(1) 

(2) 

(3) 

(4) 

(5) 

Th. Mint««.. P«riod i. fro. 1300 to U30 01, .pproxiMt.ly, 

Froa 1429 to 1530 OT. 

Telegraphy tlae signals for 5 ainntes preceding 0300, 0900, 1500 and 2300 UT. 

1000 -. 
”ch cioMr- ^ 

Note: The offset frequency for 1964 is -150 parts in 1010. 

Figure 3-3C 



3.3 0.903172 Me Frequency Synthesizer 

3.3.1 Specifications 

Inputî 

Output: 

Stability: 

Spurious : 

Power Supply: 

0,3 to 1.0 volts rms, 1.0 megacycle. 

0.5 volts ms, 0.9031721*8 megacycles into a 5o ohm load. 

Equal to that of the 1.0 megacycle source. 

All non-harmonically related signals 120 db below desired 

output. 

115 volts ±10*, 50-60 cycles approximately 30 watts. 

3.3.2 Introduction 

The frequency synthesis process is one in which a frequency or set of 

frequencies is derived from a fixed frequency, usuaUy from a very stable 

oscillator. The equipment described in this manual is designed to 

directly derive 7630/8U,6 Me from a 1.0 megacycle source which has a 

stability of one part in 1010 per day. Since the 7630/8Ui8 Mc/s is 

directly derived, the source stability is retained in the output. 

3*3.3 Theory of Operation 

The fraction 7630/8W8 can be factored to arrive at the following set 

of fractions: 

- 7/1* 1/2 5/11 (l*/3 ♦ 3/1* 5/1*) 

- 5 1/2 7/1* (l*/3 ♦ 3/1* 5/1*) l/ll 

- 5 1/2 7A (2/3 2 ♦ 1/1* 5.3/1*) 1/11 

This set of fractions, which is one of many possible sets, was employed in 

the synthesiser design. A block diagram of the equipment necessary to 

perform this function is shown in Figure 3-4. 
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Although it is not readily apparent from the block diagram, this design 

was selected for the following reasons: 

1. The lowest frequency emoloyed is 625 Kcs and therefore coils for tuned 

tank circuits can be made of reasonable size; 

2. The highest frequency is 9.93U Mes which not only avoids the necessity 

for high-cost high-frequency transistors but also permits the use of 

simple ring mixers; 

3. The highest multiplication necessary is 5 which precludes the require¬ 

ments for very high Q circuits which are temperature sensitive; 

!.. Four of the operations are possible with nearly identical circuits 

(i.e,, times 7/h, times 2/3, times lA and times 3/4); and 

5. Aside from the mixing operations necessary in the dividers only one 

additional mixer is necessary. 

The operations which are indicated by the fractions in the block diagram 

such as 7/4, 1/4, }/4, and 2/} are performed with regenerative frequency 

dividers (RFD). The normal output frequencies of an RFD are i S=i 
2n-l . n' n ' ana 

n where n is the divisor such as n - 4 in a divide - by - four. The re- 

f°re it is possible to obtain 1/4 - 1/n, 3/4 • 2ji and 7/4 - directly 

from one RFD. 

The complete theory and operation of RFD-s is readily available from other 

sources and only a simple explanation is included in this manual. 

Operation of an RFD is most easily explained with the aid of a block diagram 

Figure 3-5. 

Where M » a mixer in which the lower sideband extracted, 

F - filter to extract desired sideband from mixer, 

A » amplifier to achieve unity loop gain, and 

m - multiplier - (n - 1) 
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If a signal of frequency nf is epplied tc the mixer and the loop has 

sufficient gain (>1), the BFD «ill build-up from noise (similar to the 

build up in an oscillator) and the desired output will be achieved. Once 

the loop has started the operation is as follows. The input frequency, nf, 

mixes with the output frequency of the multiplier (n - 1) f, .„d produces a 

signal f. This signal f is then multiplied to produce (n - 1) f which again 

mixes with the incoming signal. 

Since an RFD is a closed-loop system it is evident that some component in 

the system must saturate if the output level is to remain constant with 

changes in input level. The RFD design employed has essentially two 

saturating devices; these ares 

1. * ring mixer, whose output level tends to remain relatively constant 

after the input has reached a level which is sufficient to saturate 

the diodes ; and 

2. A multiplier which consists of a diode directly connected to the b... 

of a transistor. The direct connection limit, the tr.nsi.tor gain «d 

therefore the multiplier output and a type of saturation is achieved. 

With the .hove saturating device., it is pos.ibl. to vary the input .lg»i 

level at least 10 db, and minor changes in level, do not affect the circuit 

operation. 

The X-Band Receiver Local Oscillator Synth«ai«»r 

The modules which comprise the local Oscillator Syntheeiser are indicated 

in Figure 5-6. B^.us. the X-Bend receiver front end Eluding the flrat 

mixer will he located in the antenna equipment box or the feed box, the 

W source must terminate there aleo. On. hundred megacycle, he. been 

selected as the frequency to be transmitted from the van to the equipment 
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box. This is the highest frequency present in the system which csn be 

trensmitted over s coaxiel cable with low loss end still be economically 

amplified at the antenna. 

3*k’1 Transistor Frequency Multiplier XhXS (DC-16-3023-1) 

3.ii,l.l Description 

The block diagram and schematic diagram for the XUS multiplier module are 

shown in Figure. }.7 end 5-6. A 5 Me clock output is amplified in the first 

stage (Ql) which acts as a buffer between the stable clock and the quadrupler. 

The output of the quadrupler is amplified by Q2 and filteiod by « 200 Me 

crystal filter. The filtered output is divided. A portion of the 20 Me 

signal is diverted to the X6 Transistor Frequency Multiplier end the 

remainder is amplified in the 20 Me «apiif 1er (33). The output of Q3 ia 

multiplied to 100 Me and amplified in the 100 Me amplifier (310. 

3 .li. 1.2 Spec If lea t ions 

The design specifications established for the XUS Transistor Frequency 

Multiplier are listed belowt 

Temperature Range: 

Output Power Variation: 

100 Me Power Output: 

20 Me Power Output: 

5 Me Input Voltage: 

Spurious Output: 

15°C to UliOC 

*0.1 db 

0.01 mw 

U mw 

1.0 volt rms *20* 

-90 db below 20 Me output 
-Ù0 db below 100 Me output 

3.ii#1.3 Design Ponsiderations 

A diode harmonic generator is employed to generate harmonics of the input 

frequency. The desired harmonic is then extracte»by a tuned circuit. This 

procedure enables the transistor amplifiers which follow to operate at a 
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Figure 3-8. X4X5 Tranelítor MulUpUer Schematic Diagram 
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bias point yielding maximum gain. This method of operation provides a fixed 

input impedance to Q2 and simplifies the design of the tuned circuits. 

The crystal filter employed Is a balanced bridge circuit which provides a 

narrow bandwidth and a nominal 60 db rejection when it is properly balanced. 

The balancing is accomplished by means of the variable ceramic capacitor C19, 

which neutralizes the effect of the shunt capacitance of the crystal holder. 

The signal voltages applied to the capacitor and the crystal are equal but 

180 out of phasej thus, when they are connected to a common point, there 

is a cancellation of all signals except the desired frequency which is 

passed by virtue of the series resonant node of the crystal. The crystal 

filter rejects spurious frequencies close to the carrier in addition to 

supressing the 25 and 15 Me components which result from the multiplication 

process. Transformer T2 has two secondary windings which divide the signal 

from the crystal filter. One winding provides a 50 ohm output to the X6 

transistor frequency multiplier. The other winding forms part of the input 

circuit to the 20 Me amplifier (Q3). This frequency is multiplied by five, 

further amplified, and filtered in a single tuned 100 Me amplifier. This 

amplifier employs 2N708 silicon transistors in a ccanon emitter configura¬ 

tion. The output tank circuit capacitance is chosen to provide a loaded Q 

that will provide 10 db of rejection at a normalized bandwidth (Bn1) of The 

normalized bandwidth is defined» 

Bn' « Bn/Po where Bn is the bandwidth between points 

on the response curve at which the power 

response is times the response at 

the band center frequency and Fo ■ band 

center frequency. 
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The inductance required is determined bys 

T _ Bn' Qc - N/n 
L ITTo (Jo 

where 

Qo ■ unloaded circuit Q 

J Oi * equivalent parallel loss conductance at the 

transistor output 

The value of capacitance required to resonate with this inductance is 

modified by the output reactance of the transistor, heat sink capacity, 

unwanted couplings and other stray capacitance effects. The amplifiers 

in this module are designed to provide 10 db rejection for a Bn' of 0.1*. 

The outputs provided are 1*.0 mw at 20 Me and 0.01 mw at 100 Me. The 

spurious response is held to approximately -8? db and -1*2 db respectively. 

Th* -1*2 db spurious level associated with the 100 Me signal is further 

reduced in the 100 Me amplifier nodule. 

3.U.2 100 Me Amplifier (DC-16-3025-3) 

The 100 Me amplifier is comprised of eight stages of amplification to 

provide separate outputs of 1*00 mw and 100 mws from a .01 mw input. The 

first four sUges employ 2N708 transistor and the last four employ 2N91Í* 

which are more suitable for the higher power levels encountered. The 1*00 mw 

output which drives the high power 100 Me amplifier is obtained by operating 

two transistors in parallel. Part of the output of the parallel amplifiers 

is also used to drive two single ended amplifiers which provide a 100 mw 

output to drive the X7 multiplier. 

3.1*.2.1 Specifications 

The design f pecifications are delineated below for the 100 Me amplifier: 

Temperature Range: i5°c to 1*1*°C 

Output Power Variation: -.2 db 
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Figure 3-9. 100 Mc Amplifier Schematic Diag 
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Power Output: A) 100 mw 
B) U00 mw 

.01 mw Power Input: 

Spurious Response (In Bend): 90 db down 

3.U*2.2 Design Considerations 

The beslc amplifier design used is similar to that described in Section 

The first five stages employ 2N708 transistors in a single ended 

configuration. The sixth stage uses two 2N91U transistors in parallel to 

obtain a nominal UOO mw output. The output of the push-pull stage also 

supplies drive to two 2N911i's in cascade which provides the 100 mw output 

to the X's7 multiplier. 

The primary spurious signals of major concern are the 00 Me and 120 Me 

signals which are present as a result of the multiplication orocess in the 

multiplierAOO Me amplifier module. The required suppression is obtained 

through the use of two traps and the bandpass characteristic of the 

amplifier. The traps are tuned to 00 and 120 Me and the spurious are 

>90 db down. The actual rejection could not be measured due to the limita¬ 

tions of the test equipment available. 

3.Ü.3 100 Me Power Amplifier (DC-16-3025-2) 

3.1:.3.1 Description 

The 100 Me Power Amplifier, located in the antenna equipment box, is supplied 

with a 1*00 mw input via approximately 50 feet of RG-9 from the 100 Me 

amplifier DC-16-3025-3 located in the equipment van. This input is divided 

into two channels and amplified to the required levels. The schematic 

diagram of the amplifier is shown in Figure 3-10. 
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^í'**** 3“ 10, 100 Mc Power Amplifier Schematic Diagram 
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3.U.3.2 Speciflealiona 

Temperature ränget -30°C to +60¾ 

Power Outputt Channel A 10 mw 
Channel B 6.0 watts 

Power Output Variation: less than ±0.5 db 

Isolation Between Channels: 30 db 

Power Input: 200 mw or greater 

3.Í4.3.3.Design Considerations^ 

The resistive divider network (RIO through RlU) provides the dual function 

of power division and isolation. Channel B utilises four amplifier stages 

Q3# QU, Q5 and Q6 to obtain a 6.0 watt output. The ata^t Qfc Is operated 

in the saturated region and so insures a constant output power over the 

anticipated range of input power variations. Q5 and q6 are typical power 

amplifier sUges operating in the Class C region for high efficiency. 

Channel A employs two stages (Q1 and Q2) to obtain a 10 mw output. The 

output of each channel is isolated to load variations on the other channel 

by at least 30 db. This isolation is achieved through the action of the 

resistive divider and the unilateral characteristics of each amplifier. 

Output power of each channel is stable to within ±0.5 db over a tempera¬ 

ture range from -30¾ to +65¾. 

X-S Varactor Multiplier (100/500 Me) DC-l6-3Qlli-2 

The operation of the X5 multiplier is similar to that of the X3 (DC-l6-3011i-l) 

and X7 (DC-16-30114-3). In the case of the times 5, the third and second 

harmonics are provided with idler circulation paths. It will be noted that 

second hamonic distortion is unsymmetrical with respect to the positive 

and negative half cycles of the fundamental, and, hence, can only be 

generated by some non-linear characteristic which is non-syimnetrical about 

the operating point. Therefore, if two diodes have identical characteristics 
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•nd both .r. operated at the same AC level and bias but one is reversed 

with respect to the other, then any second harmonic voltage developed 

across one will be opposite in phase to that across the other. The 

eyawtrical bridge will always idle the second harmonic within itself. 

3aU«Uel Perforwance 

Power Input at 100 Mcî 6.0 watts 

Power Output at 500 Me: 2.05 watts 

3eii.U.2 Adjustment: Retunin^ 

Reference to Figure 5.6 will show that this multiplier is the first in a 

chain of five cascaded varactor frequency multipliers. Each coaxial 

multiplier has been designed and adjusted to operate from a So ohm source 

and into a 50 ohm load. Input and output impedance levels, however, 

depend upon the input power level and the varactor bias. If one multiplier 

In the string becomes defective or is disturbed, it will present an 

umatched load to the unit driving it and improper drive to the unit follow¬ 

ing it. Only a single multiplier should be adjusted at one time and it 

should be operated into a pure 50 oh* resistive load during adjustment. A 

spectrum analyser is a necessity when adjusting varactor multipliers because 

of the numerous responses that are possible under circumstances of mis- 

adjustment. 

Figure 5-11 is the electricsl schematic of the X5 multiplier. 01 and 02 

can be used to set the input impedance by increasing one capacitor while 

decreasing the other. 03 is tuned to resonate with LI at the input fre¬ 

quency. 0U and 05 allow residual unbalance between the two varactors to 

be compensated. They are adjusted to minimise second harmonic in the 

output. L2 and 06 are tuned to block, i.e. minimise, the fundamental 

(input) frequency present in the output. LU and 07 are tuned te p, mit 
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circulation of the third hannonio. Ihey .re adjusted for mintaum third 

hamonic output. There is interaction between the various adjustments 

and it is necessary to recheck each setting several times. 

3‘1‘-5 X-2 Varactor Multiplier KOOAOOO Moi nn.-l6.wm 

The schematic diagram of Figure 3-12 is applicable. 

This multiplier employs lumped parameter input circuits and distributed 

parameter output circuits. 02 and 11 are series resonant at the fundamental 

frequency. 01 and 03, in conjunction with 02, U, pennit impedance matching 

the source and varactor while maintaining a low impedance to the fundamental 

and blocking the flow of second hamonic currents in the input circuitry. 

12 is a choke to provide a DC return for the bias circuitry. Hi is the 

self biasing resistor whereas CL is the bias holding capacitor. The 

coaxial capacitor presents a low impedance to second hamonic currents 

while providing only a minor shunting affect upon the fundamental currents. 

Shorted stub S-201 allows tuning of the output impedance match. Cavity 

T-201 is a single tuned filter at the second hamonic output frequency. 

1-201 is tunable by adjusting the end loading capacitance. 

Power Input at $00 Me: 2.0 watts 

Power Output at 1000 Mc: 900 mw 

}-k-6 X-2 Varactor Multiplier fl000/2000 Moi no.lA.snv, 

The schematic diagram of figure 3-13 is applicable. 

This unit is constructed using coaxial circuit techniques throughout. 

Quantatron Inc.. "Rotostub- double stub tuner, are employed for input and 

output Impedance matching. 
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Open circuited stub line S-205 appears as a short to the second hamonic 

frequency at the varactor. Short .ircuited stub S-20ii represents a 

virtual short to the fundamental frequency on the output £. io of the 

varactor. LI, Cl and R1 comprise the self-b »sing circuitry. 

Power Input at 1300 Met 900 mw 

Power Output at 2000 Me: kOO mw 

Because of the interaction between this unit and DC-16-3012 which follows 

it, a ferrite isolator, M-H Microwave Inc. Model CT-330-TT, was inserted 

in the signal path between these two units. Performance data on the 

isolator are: 

VSWR at 2.0 gc: port 1 l.OU 
port 2 1.03 

Insertion Loss: approximately 0.2 db 

Isolation at 2.0 gc: 35 db 

3,1*#7 X-2 Varactor Multiplier (2000/L000 Me) DC-16-vn? 

Schematically, this unit. Figure 3-lU, i8 Identical to DC-16-3017. 

Physically, it differs in having the input and output matching stubs 

built into the body of the multiplier assembly. Normal power input at 

2000 Me is iiOO milliwatts which produces an output power of 130 milliwatts 

at 1*000 Me. 

3#k*8 g-2 Varactor Multiplier (It000/8000 Me) DC-16-3013 

This unit (Figure 5-15) employs coaxial input circuitry and a waveguide 

output. The three stub tuner permits impedance matching at the fundamental 

frequency and rejection of the second harmonic on the input side of the 

varactor. Adjustable shorted stub S217 allows adjustment of the phase of 

the second harmonic standing wave on the coaxial system to permit optimum 

coupling to the waveguide. The waveguide short also allows adjustment of 
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3.U. 

3.U.10 

th« diode to waveguide couplirg. 

Power Input at 1*000 Mc: 130 mw 

Power Output at 0000 Me: 1*0 mw 

»-? Varactor Multiplier (100/;00 Mc) X-16-10H..), 

ThU circuit (Figure J-16) bore some resemblunce to the odd homonic 

gene ra tors des cr j bed elandiere. It is, however, significantly different. C7 

«nd C8 pemit input tapedence matching. T1 provide, a fundamental frequency 

volUge balanced above ground to drive the varactor bridge circuit. C6 

allows the aecondary leakage reactance of T1 to be aeries resonated with 

th, average capacitance of the bridge circuit at the fundamental frequency. 

Assume for the sake of argument that equal sinusoidal currents of the 

fundamental frequency are flowing downward through the right and left hand 

branches of .ho bridge from A to B. Any second harmonic voltage developed 

across OK will be oooosit. in phase to a second harmonic voltage developed 

across CM because the diodes are reversed. However, in terms of the 

second harmonic potential difference between 0 and D the two are series 

additive. If the varactors are identical, twice the second harmonic 

voltage developed across one varactor will appear at the output. 03 and 11 

fore a aerie, resonant filter tuned to the second harmonic output frequency. 

Cl and 02 permit output impedance matching. M provides a DC return path 

for the self developed bias voltage stored on CU and 05. CU and 05 permit 

compensation for dissimilarities in varactors CR1 and CR2. 

Performance: Power Input at 100 Me 36 mw 
Power Output at 200 Me 16 mw 

Sideband Up Converter - DC-ló-lOOS-lx 

The Lower Sideband Up Converter is similar in operation to the JSUC. In 

this aopllcatlon the lower sideband output frequency was desired from the 

translator. This up converter translates a 200 Me input signal frequency 
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to on output fwquonc, of 7800 Me. / ».o».Me 1» shown in 

Figur« 3-17. 

Th. Low« Sldobond Op Conwortor consist, of on input filUr, « trsnslotor, 

ond on output filter. A di.gr«. of the ..«guide ca.pon.nt. is.Iso shown in 

igure 9-17* The input filter is s two stsge inductive iris coupled bend- 

p... filter. This filter pesse, the punp frequency with nininun loss ond 

the translated frequencies. 

The transistor, ss in the Upper Sideband Up Converter, incorporates a 

varactor diode positioned across the center of the eaveeuide and functions 

as a mixer. The 200 Me input frequency is cnuolel to the iiode through a 

coaxial bias tee. The diode is ooersted s- ' ., »nd a terminating 

resistor of 3600 ohms is located on the bias tee. 

A quarter «ave coaxial RF choke and mica ny,«„ -apacitor present a loe 

tapedance to the pump and translated frequencies, resulting in isolation of 

the high frequencies from the 200 Me inout. The input 200 Me signal is not 

propagated by the waveguide circuitry, ana is, therefore, filtered out. A 

pair of capacitive tuning screws, one located on each side of the varactor, 

ia used to match the diode to the waveguide circuitry. The distance from 

the diode to the input and output flange is made unsymmetrical to obtain 

sn Impedance match to the filters at their respective frequencies. The 

only difference between the translator used in the Ifcper Sideband Up-Converter 

and the Lower Sideband Up-Converter is the distance to the output flange. 

This length is longer in the Lower Sideband Up-Converter because of the 

lewer output frequency. 

The output filter is a narrowband five stage inductive iris coupled filter 

that is tuned to 7800 Me. Its function is to pass the output frequency with 

minimum loss and to reject all other frequencies. Capacitive buttons, 
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located on the narrow waveguide wall, were employed to obtain the required 

bandp.se characteristics. The electrical characteristics of the output 

bandpass filiar are as follows: 

Insertion loss at 7800 Me - k.S db 

3 db bandwidth _ 20 Me 

Attenuation at ±20 Me - 38 db minimum 

Typical operation utilizing a Dl*211K diode is as follows: 

fp “ 8OOO Me Pp - 50 mw 

fs - 200 Me Ps - 10 Me 

fo - 7800 Me Po - 8.6 Me 

Electrical characteristics of DU211K are: 

Cy-6 “ Pf 

fc-6 " 138 gc 

Bv - 18V 

The lawer Sideband Up Converter was tested at various temperatures to 

determine operational limits. With a few changes made in the output 

filter, the Up Converter operated from -25°F to a ♦llSop with a maxijnum 

power output deviation of 0.78 db, and 1.05 db over a -25°F to -iSoop. 

Klystron Phase Servo Reference Frequency Generator 

The servo system which maintains an exact additive phase relationship 

between the two VA823 klystrons employs a local oscillator and two mixers 

to heterodyne the X-band signal samóles to a 50 Me intermediate frequency 

for amplification and ohase comparison. When the transmission frequency 

ie changed from 7.630 Gc to 8.330 Gc, the local oscillator frequency in 

the phase servo must be changed also. The phase servo reference frequency 

(LO) is derived from the stable clock when the transmitter is operated at 
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8.330 Oo. Figure 3-18 1. a functional diagram of the equipment involved. 

The Xii and XS multiplier (DC-16-3025-1) in described in Section 3.U.I. It 

provides four milliwatts at 20 Me to the X6 Transistor Multiplier - 

Amplifier (DC-16-3025-U). 

^*1 Transistor Multiplier/Amplifier - 00-16-302^-11 

3#5el.l Description 

The X-6 Transistor Frequeney Multiplier accomplishes multiplication in the 

first stag-, to provide the 120 Me output from a 20 Mo input. The 120 Me 

signal is then amplified to an 2.0 watt level by eight stages of transistor 

amplification. The block diagram and schematic diagram for this module are 

shown in Figure 3-19 and 3-20. 

3.U.1.2 Specifications 

The design specifications are listed below: 

Temperature Range: i5oc to ^oc 

Output Power Variation: i.2 db 

120 Me Power Output: 2.0 watts nominal 

20 Me Input Power: 1* niw 

Spurious Response: (In band) 90 db down 

3*5.1.3 Design Considerations 

The method of multiplication and circuit design of the first five stages 

employed is discussed in Section 3.1.3. The sixth and seventh amplifiers 

use 2N2369 transistor in a ground emitter configuration and provide the 

required drive to the final amplifier which employs an RCA 2N2876 operating 

Class C to obtain the required output of 2.0 watts. Class C operation is 

used in this stage to realise high efficiency operation. 
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Figure 3-20. X-6 Translator Multiplier (20/120 Me. ) Schematic Diagram 
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The bandpass characteristics of 

response 10 db down at B'm - 1* 

each amplifier are designed to provide a 

from that obtained at the center frequency 

of 120 Me. Therefore, each tuned tank provides approximately 10 db 

rejection at the frequencies of 100 and UkO Me. The rejection of the 100 

end UO Me spurious frequencies realised in the 120 Me amplifier was 70 db. 

The spurious frequencies Mithin Me of the center frequency -ere suppressed 

more than 90 db. 

3-5-2 — V»ract°r frequency Multiplier (120/160 Me) DC-16.1011,.1 

Fipure 3.21 i. a circuit schematic of this multiplier. Capacitors Cl and 

C2 provide a means of matching the multiplier input impedance to the source 

impedance. Similarly, C7 and C8 permit matching the multiplier output to 

the load impedance. The elements LI, C3 and the bridge net-ork fo™ a 

resonant filter at the 120 Me fundamental frequency. The elements 

L2, L3 and C6 font a bandpass filter which passes the 360 Me third harmonic 

and rejects the fundamental frequency. 

The left and right -and branches of the bridge configuration are identical 

except for the reversal in varactor polarity. As a result of this, any 

second harmonic voltage developed across one branch -ill he of reverse 

phase from that across the other. This mean, that the second and all even 

harmonic voltages taken in sequence in passing around the bridge quadrangle 

■»ill adi m series. This implies that even harmonic currents -ill circulate 

rreel.y around the bridge and through the varactors. Expressed in other 

words, the second hamonic is "idled" in the bridge composed of CRI, CR2, 

■M and 05. TM- circulation of second hamonic through the varactor resulte 

in a mixing of the 
second harmonic with the fundamental and augmentation of 

the third harmonic output. 

t5 



(l
-»

l«
-f

lO
O

)O
IV

 



•2»1 Performance 

Input Pwer at 120 He: SOO mu 

Output Power at 360 Me: 230 mu 

Spurious Outputs: 120 Me <0.1 mu 
21*0 Mc O.U mu 
¿*80 Me 0.1 mu 

3 —3 Varactor Fr«qu»ncy Multiplier (360/6280 Me) DT-^-w,-. 

Thi, module i. substituted for the 7580 Me multloller XCR8, Isoletor E-16, 

end filter FL10 In the OFE trenemltter when the transmission frequency is 

8330 Mo. (Symbol desUnetions refer to O.E. Drawing 0Í8C6O0188.) In the 

original transmitter design, the drive for the 7580 Me multiplier was 

Obtained fro, a separate oscillator-amplifier chsin. This system, which 

supplies s local oscillator reference signal to the klystron phase servo, 

is not altered when the transmitter is ope re ting ,t 7630 Me. When the 

transmitter is operate st 8330 Me, the phase servo 1.0. signal is obtained 

from the frequency standard vi, the transistor multipliers DC-16-3025-1, 

DC-16-3025-1», the XÏ varactor nultlpller DC-16-JOU-l ami this module 

(DC-16-3011). 

The X-23 multiplier as, designed in a hybrid lumped element-co.ki.l- 

waveguid. circuit. This configuration is , natural emsequen-e of the 

choice of input frequence and multiplication ratio. The'input and output 

frequencies are respectively 360 Me and 8280 Me. A varactor diode is 

employed as the non-linear element. 

8 diagram of the multiplier circuit is shown in Figure The lumped 

element circuitry performs the function of etching the input power source 

to the multiplier input. The coaxial structure incorporating the varactor 

diode is positioned .cross the center of the waveguide and servos to 
support 
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the lower frequency components not supported in the waveguide and of 

transitioning to the waveguide. The waveguide portions of the circuit 

perform the functions of output frequency selection, output matching and 

high frequency idler tuning. Output frequency to input circuit isolation 

is achieved by an annular choke and mica bypass capacitor. The input 

frequency and lower harmonics are rejected hy the waveguide circuit. 

Selection of the 23rd haraonic is accomplished by a two post capacity 

tuned filter. Output matching is provided by a two post capacitive screw 

tuner. Idler adjustment is afforded by a two post tuner preceding the 

filter. The diode case capacity and the average junction capacity at the 

output frequency is parallel resonated hy the adjustable short circuit. 

The coaxial adjustment extension is used to tune out the effects of the 

waveguide-coaxial bottom gap. The tuning of these various elements 

are interdependent so that the functions delineated are to be considered 

as first order effects. 
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3.6 700 Me Offset Frequency Generator 

One of the reonir«»„te of the Modiflction Program «a to provide „.ana 

by «hieb the Terminal transmission frequency could be shifted from 7.630 Oc 

to 8.330 Oc. The ability to operate at 7.630 Oc uas not to be impaired by 

the changes. The requirement uas met by supplying a kit of interchangeable 

components} one set for each frequency. The exciter frequency shift is 

acccmpliahed by adding an upper sideband up converter (mixer) in the signal 

peth fro. the original exciter. A 700 Me offset frequency derived from the 

stable clock is mixed with the 7630 Me output of the original exciter to 

obtain 8330 Me having the stability of the station clock. 

In this way IK modulation of the 7630 Me wavefona is preserved in the 8330 Me 

output. When the 7630 Me carrier is unmodulated, the 8330 Me output becomes 

the carrier input to the single sideband modulator. Figure 3-23 shows the 

equipment used to shift the exciter frequency. 

3*6.1 100 Me Amplifier - DC-16-3025-3 

This unit supolies 100 milliwatt, at a frequency of 100 Me to the X-7 

varactor multiplier. It is described in Section 3.1*.2. 

3*6*2 jr? Varactor Frequency Multiplier - DC-16- 

Figure 3.¾ is a schematic diagram of this unit. It resembles the X-5 

ractor multiplier DC-16-301U-2 and the X-3 varactor multiplier DC-16-3011*-1. 

In the X-7 multipliar, idler circuits are provided to permit free circulation 

of 3rd and 5th hamonic currents. The tapped coil in the input network acts 

as an impedance transformer to match to the relatively low input impedance 

of the varactor bridge. This circuit is superior to the series resonant 

input network in that variations in the average varactor capacitance do 

not. affect it so seriously. 
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Figure 3-23. 700 Me Offset. Frequency venerator 
Block Diagram 
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Upper Sideband Up Converter - DC-16-3005 

Upper Sideband Up Converter ia implemented in «veguide and translates 

an input frequency of 700 Me to an output frequency of 8330 Me. This 

requires a translator frequency of 7630 Me. When the terminal is operated 

on fW, this is the modulated carrier. A functional diagram is shown in 

Figure 3-25. 

The Upper Sideband Up Converter consists of an input filter, a translator, 

and an output filter. A diagram of the waveguide components is shown in 

Figure 3-26. The input filter is a three stage inductive iris coupled 

bandpass filter used to pass the pump signal frequency with minimum loss 

and to reject the translated frequencies. Electrical characteristics of 

the input filter are as follows: 

Insertion loss at 7630 - 0.55 db 

3 db bandwidth _ 88 Me 

Attenuation at ±100 Me - db minimum 

The translator incorporates a varactor iiode that functions as a mister and 

i? positioned across the center of the waveguide. The 700 Me signal 

frequency is coupled to the diode through a coaxial bias tee with the bias 

am teminated in 10 ohms. An RF quarter wave choke and mica bypass capaci¬ 

tor combination presents a low impedance to the pump and translated signals 

resulting in isolation of the high frequencies from the 700 Me input. The 

input frequency is not propa^ted by the waveguide circuitry and is, there¬ 

fore, filtered out. A pair of capacitive tuning screws, one located on 

each side of the varactor, is used to match the diode to the waveguide 

circuitry. The distance from the diode to the input and output flange is 

made unsymmetrical to obtain the proper impedance match to the filters 

at their respective frequencies. 
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!***) 7A30 MC 
^ ¢330 MC (OUTPUT) 

700 MC 
SIGNAL INPUT 

Figure 3-25. Upper Sideband Upconverter (7630/8330 Mc) 
Functional Diagram 

Figure 3-26. Upper Sideband Upconverter (7630/8330 Me) 
Structural Diagram 
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The cutout filter is . three stage inductive iris coupled filter thnt is 

tuned to the output frequency of 8330 Me. Its function is to pass the 

output frequency with minimum loss and reject the pump and louer sideband. 

The electricsIcharacteristics of the bandpass filter are as follows: 

Insertion loss at 8330 Me - 0.1*5 db 

3 db bandwidth _ 85 H5C 

Attenuation at ±100 Me - 27 db minimum 

Typical operation utilizing a DU211K diode is as followsr 

Fp - 7630 Me Pp - 50 mw 

Fs - 700 Me Ps > 10 mw 

Fo - 8330 Me p0 - 3.7 n%l 

Diode characteristics of Dl*211K: 

C-6 - .80 pf 

Fc-6 " gc 

Bv - 18V 

OPERATOR'S CHECK LIST 

Operation of Transmitter at 7630 Me 

A. The upper sideband up converter (DC-16-300S-1) must be removed and 

the waveguide piece (DC-16-3003-12) inserted in its place. 

B. Tne 7630 Me antenna feed assembly (DC-16-3015-7) must be installed. 

The rod support wires (struts) must be at U5° to the vertical. 

C. The diplexer waveguide coupler (DC-16-3003-1.) and the waveguide section 

(DC-16-3003-8) must be removed and stored. The ends of the unused 

guides should he covered with plastic caps or taped, to keep out 

dirt and insects. 
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D. Transmission line waveguide section (DC-16-3003-1U) must be installed 

to bypass the diplexer. 

*. the X-band receiver cannot be used when the transmitter is operated 

at 7630 If It is present, the parametric amplifier should be 

discon acted from the waveguide system. 

r. The traveling wave tube amplifier must be turned on. After about 

three minutes, adjust the cathode current to a level between 10 and 

16 ma. The final setting will depend upon the drive required by the 

VA823 klystrons. 

0. The 0.903172 Me synthesiser must be turned on. If the clock power has 

been interrupted, it may be necessary to press the guarded red reset 

button on the clock panel to restart the internal frequency divider. 

Operation of Transmitter at 8330 Me 

*. The waveguide section (DC-16-3003-12) must be removed and the upper 

sideband up converter (X-16-3005-1/DC-16-8002-1,) substituted for it. 

B. The 8330 Me antenna feed assembly (DC-16-3015-8) must he installed. 

The rod support struts should be oriented at a 1*5° angle to the 

vertical. 

C. The waveguide section (DC-16-3003-1Í,) must be removed from the antenna 

equipment box and stored. 

D. Th. diplexer coupler (DC-16-3003-U) must be put in place between 

(DC-16-3003-5) and the diplexer. 

E. Waveguide section (DC-16-3003-8) must be installed. 
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Changing the Transmitter Polarization 

Waveguide aectiona DC-16-3003-6 and DC-16-3003-5, each have tec alternate 

positions. To operate with horizontal polarization, insert DC-16-3003-5 

in the upper waveguide branoh fro™ the dual mode transduoer batwwn sections 

DC-16-3003-2 and DC-16-3003-1,. Insert DC-16-3003-6 in the lower waveguide 

branch between DC-16-3003-3 and 0=-16-3003-7 (switch coupler). To operate 

with vertical polarization, rotate each section 180« about an axis parallel 

to it, length so that DC-16-3003-5 now connects DC-16-3003-1, and DC-16-3003-3, 

and DC-16-3003-6 now connects DC-16-3003-7 and DC-16-3003-2. 

97 



APPENDIX I 

Antenna Fe»d System Development 

Two bMic adaptations ware raquirsd of the X-hand antenna feed. These 

were to provide for both vertical and horizontal polarizations stau'ta- 

neousiy and to pennit transnlssion at the new transmitter frequency of 

8330 Me. Because the new feed would be used for both transmission and 

reception it would have to be well matched and produce a satisfactory 

radiation pattern at both the transmit and receive frequencies. 

The change in transmitter frequency from 7630 Me to 6330 Me would, when 

effected, be pennanent. Thefeed design problem was simplified by the 

decision to provide two separate feed element., one for each transmission 

frequency. 

Figure 1-1 is a photograph of the original X-b.nd feed assembly, it 

consist, of a disc-on-rod or »cigar» type of slow wave structure sup¬ 

ported in the mouth of a short rectangular horn by means of a transverse 

metal vane. The geometry of this horn and the presence of the transverse 

vane limit this feed assembly to a single linear polarization even though 

the disc-on-rod slow wave structure will support waves polarized at any 

angle about the azis of the rod. Two perpendicular polarizations can be 

launched from horns having axial symmetry such as square or circular 

horns. A square section wave launcher was considered but was discarded 

a, being more difficult to-¡fabricate and a, a result of constructional 

iifficulties also more likely to produce cross coupling between the two 

orthogonal modes than would a horn of circular cross-section. Directly 

related to the feed horn problem is the problem of launching two sepa¬ 

rate orthogonally polarized waves into the horn from separate drive ports. 
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ThU «quir.. « th», port junction or «du.1 .od. tmuiducr". B.c«ua. 

th. perpendicular nodes in the cannon e» ere not coupled, the junction 

betoTee much the .ene ., . four port derice. The design of s junction 

«f thi. for. which would rensln netched oser the required frequency band 

is . prow.« in itself, fortunately devices of this kind find application 

in FUraday rotation circulator, and several designs have been produced 

by specialists in this field for their own use. * ferretee Inc. model 

«T-120 was selected .. being suitable for the TPSC Terminal feed. This 

unit he. two input, i» WR112 waveguide and . circular output guide having 

en inside dleneter of 1.01,7 inch. Isolation between the input pnrts when 

the output i. properly ten.in.tod ia greater then 1,0 db. The vendor's 

inspection test data for the node transducer used in the TPSC terminal 

antanna feed ara tabulatad below* 

Dual Mode Tranadueer 

Ferrotec Inc., 

Frequency 

7500 

7600 

7800 

8100 

8300 

8500 

Model DMT 120, Serial No. 2. Data from vendor's tag. 

Isolatlcn VSWR Port 1 V5WR port 3 

U».S 1.06 1..01, 

^ + 1.01 

^ * 1.08 1.02 

^ + 1.02 1.06 

w* * 1.10 1.07 

**1 * 1.11 1.09 

Selection of the Ferrotie Bfr-120 dual male transducer defined the dimeter 

and shape of the guide connecting it to the feed horn. 

At this point the feed horn design problem was defined to the extent that 

it was knewn that it was to be driven fr« a 1.01,7 inch I.D. circular wave¬ 

guide propagating the TEn mode, was to have a circular cross-section and 
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should produce the Same redietion pettern ee the originel feed system. One 

way of looking et the operation of surface wave antennas of this type is to 

regard the overall radiation pettern as resulting from the superposition of 

the radiation directly from the feed horn operature end the radiation from 

the slow wave structure. In the TPSC terminal feed modification it was 

desired to preserve the original radiation pattern, so the area of the 

circular horn operature was set equal to the area of the original rectan¬ 

gular operature, (without the transverse vane., The length of the tapered 

section was made about three guide wavelengths. This horn together with 

the dual mode transducer described above but without the disc-on-rod slow 

wave structure produced the following standing wave ratios: 

Freq. 

VSWR 

7630 

1.18 

7730 

1.06 

7750 

1.035 

8330 

1.17 

8350 

1.11 

To check the effect of the disc-on-rod element upon the ratch, the element 

was supported in the appropriate position with a piece of low density poly¬ 

styrene foam. The effective dielectric constant of this material is so 

close to one that it produces virtually no reflections when placed in or 

m-front-of the hore. A VSWR of 1.05:1 or less could be achieved with 

this horn and a replica of the original disc-on-rod element supported in 

a polystyrene fern block. experälnent Jljst described _ encouraging 

but there still remained the question of how to obtain a solid support for 

the slow wave structure in the horn without créatif a mismatch. 

* Change in the dielectric constant of the medium filling a waveguide will 

not produce any net reflected components if the dielectric loaded portion 

CT the guide is some integer m Itiple of one ialf of the euide Mvelength 

in the loading medium. This approach was employed to provide a support for 

the rod. The rod was threaded into the center of a teflon cylinder one 
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guide wavelength long machined to provide an interference fit in the mouth 

of the horn. By positioning the rod axially it was possible to obtain a 

VSWR of less than 1.02:1 at the design cen-er frequency. Radiation pattern 

measurements were performed on this assembly. The patterns obtained were 

almost identical to those for the original feed assembly. As this design 

appeared satisfactory on a low power basis, it was decided to test it at 

full power. The feed assembly and mode transducer were connected to the 

transmitter at the TPSC terminal and were allowed to radiate 13 Kw Cw 

vertically (without any reflectors) for about 20 minutes. At the end of 

this time the teflon support had become seriously deformed through the 

combined effects of thermal expansion and the constraint of the horn. 

Not being able to expand radially, the teflon expanded axially instead. 

Upon cooling it shrank both radially and axially to the extent that what 

had previously been a tight press fit became a very loose fit with perhaps 

0.030" clearance. As the thermo-mechanical behavior of teflon was unsatis¬ 

factory a fused quartz support plate one guide wavelength long was made. 

Because of the difficulty in machining such a hard material it was not 

feasible to form a threaded center hole. In lieu of this a thin-walled 

metal sleeve was inserted and retained by press fitted collars. The quartz 

cylinder was h*ld in the horn by shrinking the horn onto the quartz. The 

"cold" interference on diameters was approximately 0.002". This assembly 

matched out satisfactorily and suffered no ill effects under the high Cw 

power level. However, when it was thermally cycled the quartz cracked at 

-30°F. This was due to the very large compressive stress developed because 

of the differing coefficients of thermal expansion of the quartz and the 

brass horn. In the assembly tested, the horn wall surrounding the quartz 

cylinder was 0.062" thick. It is believed that were the wall made thinner 

or if a metal having a smaller thermal expansion coefficient were used for 
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the horn, this fracture problem would be overcome. The fused quartz 

supports were not pursued further because of the time and expense required 

to obtain new sample pieces and because a simpler support was developed. 

Metal supporting members may be used to hold the slow wave structure in the 

launching horn if they do not disturb the axial symmetry of the hom and 

if they do not create large reflections. Thin metal struts or vanes perpen 

dicular to the electric field will not seriously perturb the guide, however 

where crossed fields are to be transmitted simultaneously such supports 

would always be parallel to one of the fields. Four radial struts 90° 

apart and each inclined at hS° to the direction of the electric field will 

appear the same to each of two perpendicular fields and will not produce 

any unbalanced orthogonal reflections which could couple one mode to the 

other. The final design of the feed assembly employs two in-line-sets of 

four radial wires each 0.030" in diameter to support a thin-walled inter¬ 

nally threaded bushing into which the disc-on-rod element is screwed. The 

axial spacing between the two sets of wires is chosen so that the shunt 

suscepUnce introduced by one set is largely cancelled by the second set; 

i.e. by its susceptance transformed through a suitable length of line. 

Trimming adjustment to obtain VSWR's under 1.05:1 is achieved by axial 

positioning of the disc-on-rod element and where needed by altering the 

length of the rod locking nuts. The assembly of the support structure 

requires careful attention to spacing and centering of the parts. In 

order to facilitate assanbly the supporting structure is built into a 

separate collar which is later brazed to the tapered horn. Initial tests 

and adjustments were conducted on both the 8330 Me and the 7630 Me 

assemblies before the collars were brazed in place. The brazing had 

little effect on the 7630 Me unit but did alter the 6330 unit somewhat. 

Pattern plots for the two final assemblies are shown in Figures 1-8 and 

1-9. Figures 1-10 and 1-11 are the corresponding VSWR plots. Figure 1-7 is 

a photograph of the completed feed assembly. 
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APPENDIX II 

SSP-DSB Modulator Theory of Operation 

The exciter portion of the TFSC Teminel trensmitter employe a chain of 

varactor frequency multipliera to derive the X-band carrier from a crystal 

controlled low frequency standard. These multipliers will not pass 

amplitude modulated waves without introducing a large amount of distortion. 

Because of this it was decided to perform the double sideband suppressed 

carrier and single sideband modulation functions by operating on the X-band 

carrier directly. A phase discrimination type of modulator was selected. 

Figure II-l is a functional representation of this configuration. If the 

two balanced modulators are identical, 

Vi - f» F cos öS. cos (3 

?2 * f.F sinot sin & 

using trigonometric identities 

Vi - ¥ cos (<*-(?) + cos ¢31+0) 

V2 - ¥ cos - COS (O(_+0) 

If vx and V2 are summed 

vout " vi ♦ V2 - /.F [cos (Oi-ß)J 

Or the difference can be taken as 

^out “ ^1 ~ V2 * f'F £cos (o^+0)J 

This phase discrimination system is implemented in the TPSC terminal 

modification in the manner shown in Figure 2-5. 
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Figure II-1. Phase Discriminator SSB Modulator 
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Har« the 3 db sidewall hybrid provides the necessary carrier power split 

and the 90 phase separation between outputs. Summing of the balanced 

modulator outputs occurs in the magic tee. 

If the audio phase shift is removed, the balanced modulator output voltages 

become: Vj. ■ f# F cos OL cos Q 

" fi coact 8^n @ 

\ ■ ^ co® (11¾ -Ö) ♦ cos ft +P)J 

v2 “ F®ln - sin ¢1-0) 

V1 ^ V2 " ^ 008 fc*-*) ♦ cos Clf+0) ♦ X^F 8in (0(^) . sin 

■ [j^0® (^-^) - Sin ¢(-0) ♦ cos (0(+0) ♦ sin^T) ♦ ßfj 

•¥ [ cos (^-0) ♦ ej ♦ I^H^cos (i(*^) ♦ 0 J 

Both sidebands are present, and the carrier is missing. Double sideband 

suppressed carrier operation is achieved by removing the quadrature phase 

relationship between the two audio drive signals to the balanced modulators. 

The degree to which the carrier and unwanted sidebands can be suppressed 

in a modulator of this kind depends upon the balance of the crystals in 

the individual balanced modulators and the similarity of the two balanced 

modulators. The modulator assembly used in the TPSC Terminal equipment is 

a commercial unit. Tuning screws have been added to the crystal mounts to 

psmit balancing of stray reactive components of diode impedance. 
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APPENDIX HI 

Operation and Maintenance Notes - Test Data 

Spectral Composition of Microwave Associates 
X-126 Frequency Multiplier (Original Equipment) 

Conditions î 

Input signal to exciter was supplied from the FE100QA frequency standard 

and the 0.90317231*8 Me synthesizer. 

Figure-111.1. 

Test Data; 

Frequency (gc) 

7.5UO 

7.575 

7.600 

7.635 

7.61*0 

7.660 

7.720 

7.780 

7.81*0 

7.875 

7.900 

7.960 

8.01*0 

8.1*00 

8.61*8 

Total RF power ou‘out, primarily at 1 

Equipment was set up as shown in 

Power Level (dbm) 

-38 

-37 

-27 

'♦6 

♦1 

♦6 

-16 

-18.5 

-28 

-31.5 

-11.0 

-30 

-30 

-23 

-20.5 

.630 gc was 60 mw. 
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Initial attempts at adjustment of the multiplier chain following installation 

in the equipment van disclosed a considerable interaction between the tuning 

adjustments of the three multipliers. To circumvent this difficulty the — 

transistors in the 6th and 7th stages of the X-6 transistor multiplier 

(DC-16-302S-M, were changed from type Will's to 2N2369's. This change 

increased the power output to 2.0 watts permitting the insertion of a 3 db 

pad (Microlab M-03U) between the X-6 transistor multiplier CDC-16-3025-1,) 

and the X-3 varactor multiplier (DC-16-3011,-1) for isolation of these two 

units. With the addition of the 3 db pad, the adjustments of these units 

became independent of one another. In the original installation the X-3 

varactor multiplier was located in the auxilliary rack #18 whereas the 

X-23 varactor multiplier which is driven by it, is located in the right 

hand bay of the transmitter cabinet. The X-3 multiplier was removed from 

rack 18 and mounted on a bracket to the X-23 multiplier. This change allows 

for ease of tuning of both multipliers and removes the effects of the long 

connecting cable. 

location of the 1 x 1* x 5 transistor multiplier (DC-16-3025-1) was 

Changed to facilitate the replacement or checking of a fuse located on the 

front panel of the *28v DC power supply (DC-16-3019-1). In the original 

installation, the 1 x i. x 5 transistor multiplier was located in front of 

the *28v power supply in rack 18, drawer U. This 1 x 1, X 5 transistor 

multiplier was moved to the left side of the r28v power supply i„ the 

same drawer. 

The schematic representation of the X-23 varactor multiplier is incorrect 

as shown on sheet 1 of DC-16-9001. The corrected schematic is shown in 

Figure 3-2?. 
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The X-23 Multiplier requires an external biasing voltage replacing the 

self biasing network. This voltage is derived from the +28v regulated DC 

power supply (DC-16-3019-1) located in the Time Base and Control Rack via 

an adjustable voltage divider. The voltage divider shown schematically 

in Figure III-2 is enclosed in a small metal »mini»' box attached just to the 

right of the rear door of the right hand bay of the transmitter cabinet. 

In order to accommodate the additional wires needed for the varactor bias, 

J6(W105P1) shown on DC-16-9003 and DC-I6-9OOI1 have been changed from a 

Winchester PM6SLRN and PM6PLS, to an Amphenol H53102A-18-1S and H53106A-18-1P 

respectively. The new pin connections and wiring changes are shown in 

Figure III-3. 

Following the changes just described and after retuning the multiplier 

chain, an output of 250^*was obtained from the X-23 varactor multiplier. 

The'spectral composition of this signal is shown in Figure III-4a. 

The power output and frequency of each unit is listed as follows: 

Unit 

1 X U X !> Mult. (DC-16-3025-1) 

X-6 Mult. (DC-16-3025-U) 

3 db Pad 

X-3 Mult. (DC-16-301J4-I) 

X-23 Mult. (DC-16-3011) 

Power 
Output 

U mw 

1.6 w 

0.9 w 

3li0 mw 

250 L|»v 

Freq, 

20 Me 

120 Me 

120 Me 

36O Me 

8.280 gc 

Test of 700 Me Offset Frequency Generator and Upper Sideband Up Converter 

After installation of this multiplier chain and up converter was completed, 

it was found that insufficient power output from the 100 Me amplifier 

(DC-16-3025-3) was available to drive the X-7 varactor multiplier (DC-I6- 

301ii-3), and that a high level of spurious signals was present. These 
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Figure in-2. Bias Circuit for X-23 Multiplier 
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difficulties were resolved by replacing a defective by-pass capacitor; 

providing an additional B+ RF bypass capacitor and retuning of the circuitry. 

Difficulty in obtaining the necessary power output of the X-7 varactor 

multiplier at 700 Me resulted in the following changes to the circuitry. 

The two PS1 diodes, CR1 and CR2 (PC-^ii's) were replaced with PC-llrl's. 

The series resonant circuit was replaced with a step down transformer to 

provide a better match into the diodes; and the elimination of two variable 

capacitors. The revised schematic of the X-7 varactor multiplier is shown 

in Figure 3-24. With minor adjustments made in the Upper Sideband Up Converter 

(DC-16-3005) a power output of h mw was obtained at 8.330 gc. The spectral 

composition of this signal is shown in Figure IHJ* and c. Figure III-4c shows the 

signal with 18 db of attenuation removed. 

The power output and frequency of each unit is listed as follows: 

Power Output Frequency 
1 X U X 5 Mult. (DC-16-3025-1) 12 », iqq Me 

100 Me Ampl. (DC-16-3025-3) 9h mw 100 Me 

X-7 Mult. (DC-16-3014-3) 6 mw 700 Me 

U.S.U.C. (DC-16-3005) li mw 0.33Q gc 

Test of X-Band Receiver Local Oscillator Synthesiser 

Initial attempts at obtaining the necessary power output of the multiplier 

string tested in the equipment van, disclosed that the low power output of 

the Lower Sideband Up Converter (DC-16-3005-4) was a result of difficulty 

In the S-band multiplier (DC-16-3017). Investigation of this unit resulted 

in the removal of the original biasing resistor and replacing with a 

variable potentiometer. The S-band multiplier was retuned and operated 

satisfactory with approximately 3K ohms. A fixed 2.7K resistor was installed 

with no degradation in performance. The multiplier string was completed and 
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with minor adjustments made to the C- and X-band multipliers; the necessary 

power output of 2 mw was obtained at the output of the Lower Sideband Up- 

Converter. 

The power output and frequency of each unit is listed as follows» 

Unit Power Output Frequency 

X-5 Mult. (DC-16-301L-2) 3.6 watts 500 Me 

X-2 Mult. (ÛC-16-3010) 96O mw 1.000 gc 

X-2 Mult. (DC-16-3017) 360 mw 2.000 gc 

X-2 Mult. (DC-16-3012) 120 mw U.000 gc 

X-2 Mult. (DC-16-3013) LO mw 8.000 gc 

L.W.U.C. (DC-16-3005-ij) 2 mw 7.800 gc 

Mechanical changes were made in the modulator waveguide to accomodate the 

addition of power-set attenuators. These changes are shown in Figure III-5 

and represent corrections to Drawing DC-16-3003. 

115 



OC-lé-JOM-lt 

i 

Figure III-5. Modulator Waveguide Change 

lié 



APPENDIX IV 

DESIGN OF A TE10 TO TE01 MODE TRANSDUCER 

-nii. appendix describe, the design of • replacement mode transducer 

for the Transportable Passive Satellite Communications Terminal. The replace, 

ment transducer was to be designed to operate at 8.330 Gc with a baaiwidth be¬ 

tween 6 and 10 percent, and a maximum insertion loss of 0.0¾ db. It must mate 

with 3.000 inch diameter circular waveguide and WR137 rectangular waveguide. 

The TE10 mode is the dominant mode in rectangular waveguide. The 

problems of design when using this mode are, therefore, limited to achieving 

a usable impedance match. The TEqi mode, on the other hand, is the third H 

mode in circular waveguide. Further, the TE01 and the TMU modes have the 

same phase velocity, allowing coupling between them. Further yet, the TMn 

mode is the second E mode in circular waveguide. Therefore, there are a 

minimum of five modes (TEn , TMqi , TE21 , TEqi , and Wn ) that can propagate 

in any waveguide which will support the TEqi mode. The problems of design when 

using the TEqi mode are twofold; to obtain low VSWR and good mode purity. In 

the usual single mode system, a discontinuity will produce a reflected wave 

and/or higher order mode patterns in the vicinity of tie discontinuity, the 

latter being necessary to satisfy the boundary conditions. These higher order 

modes cannot propagate in the guide and hence exist only near the disturbance 

in symmetry. In a multimode system other modes thus created may or may not be 

beyond cut off. 

There are several methods of transitioning from the TE10 mrxle to 

the TEqi ’’»ode. Most of these are modifications or combinations of two basic 
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approaches# coupling and gr.du.1 transition free, rectangular to circular wave¬ 

guide. The former approach did not seem to offer the bandwidth which the 

design required. The latter approach seemed to offer more than sufficient 

bandwidth. 

Th« staplest design employing the gradual transition approach is 

thst which gradually transformo . single rectangular waveguide into a circular 

sector waveguide and then Into a circular waveguide. However, this is a rather 

long transducer. A .edification which yield, a much more compact design employs 

a series folded tes. This Is the approeeh which was used. 

The series folded tee le used es s two port device, the E arm being 

one port Mid the folded copUnsr anas being the other. The coplanar arms 

were made up of half height waveguide In order to achieve a good impedance 

match without employing an appreciable amount of reactive matching, the presence 

of which would have limited the bandwidth of th. tee. Except for the presence 

of th. middle tall, th. output of th. folded coplanar arms, taken together, is 

the TE20 mode. For this reason, the output of this oort Is labeled the 

pseudo-TE^O nods. It must be remembered when considering this "mode" that 

esc" half is a separate TBio wave which may be attenuated or given an arbi¬ 

trary ph... shift relative to the other half. Such separate action would 

partially destroy It. mod. properties and be a source of reflection and/or 

mod. impurity for the transducer. In theory, from the start of the coplanar 

arm. until nesrly th. end of the transducer, the two wave, are acted upon 

identically, but separately. 

î i 
i 
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The next section of the transducer is a transition from dcwble 

rectangular to double sector waveguide. Each sector waveguide is removed 

from the other by l80® and is joined to the other at its apex (Figure'IV-1). In 

designing this section of the transducer an attempt was made to maintain a 

constant impedance. This attempt resulted from an intuitive feeling that the 

shift from the sinusoidal E field distribution of rectangular waveguide 

(sin -) (Figure iV-2) to the Bessel distribution of sector waveguide

(3.83 L) (Figure IV-5), if accon?«nled by an appreciable int>edai)ee change, 

would give rise to excessive coupling to unwanted modes. It was felt that 

since the sinusoidal distribution and the Bessel distribution were so close 

in shape, that a reasonable first approximation to constant impedance mi^t 

be obtained by maintaining the cross sectional area of this section of the 

trans-ition as a constant. This was tried with good results although the 

impedance eq’oations calculated much later show the assumption to be only 

TArtially valid (see Table 9). The cross-section of this part of the trans

ducer (Figure IV-U) was designed as a constant area, truncated sector of a 

circle of decreasing radius and linearly increasing apex angle. The truncated 

sec‘crs are located by the arc which passes throu^ the outer comers of the 

originating rectangle projected parallel to the waveguide longitudinal axis.

The sector is truncated by the longitudinal continuation of the center wall 

seoarating the two rectangular waveguides. The center wall was also linearly 

reduced in thickness and removed in this section.

The final section of the transducer is an impedance transforming 

section. The sector waveguides are linearly opened to semi-circles which 

together form the circular waveguide. Also, at the beginning of this



Figure IV. \ 

Typical Dual Sector Waveguide Croas Section 

Figure IV-2 

Rectangular Waveguide "E" Field Distribution 



Sector Waveguide "E» Field Distribution 

Figure IVJ* 

Typical Transitional Cross Section 

Between Rectángula r and Sector Waveguide 
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section the radius of the sectors is linearly 

circular waveguide. The last two sections 

a casting. 

increased to the radius of the 

transducer were produced as 

The VSWR of the transducer described is shown in Table la. Since the 

tee is reasonably well matched over this range (Tables lb and 2), the cast 

transition VSWR (Table 1c) ia rather marginal. This would seem to indicate 

that the casting was designed too short. Fortunately it was possible to 

compensate for the mismatch with an inductive iris . Tao.e ■) placed between 

the tee and the casting. However, it must be realized that the mismatch, if 

in the sector portion (final section) of the casting, probably contributed 

to the mode impurity. 

Once the VSWR conditions for "the transducer had been met, it was 

necessary to determine the TEqi m<*ie purity. A qualitative technique used 

was to probe the radial electric fields to determine change with rotational 

position. This measurement unmistakably displayed the presence of the TEn 

mode. Probe measurements of the maximum circumferential E field strength and 

the maximum radial E field strength indicated tlmt the maximum radial field 

strength lay 16-18 db below the maximum circinferential field strength. Still, 

the question of tolerable limits existed. Two transducers were placed on 

either end of a short section of circular waveguide (Figure 5) «rd rotated, 

on. relative to the other. The VSWR versus relative rotational position was 

unsatisfactory (Table 1,). It therefor, «cam. necessary to achieve . higher 

degree of mode purity. 
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Reactive mode filtering using eight radial metal plates was tried to 

filter out and suppress the unwanted TE2i mode. The plates did not have a 

noticeable effect on the transmission of the TE2i mode (or the TE01 ). it 

is theorized that the waveguide diameter may have been too large to prevent 

the passage of this unwanted mode with the number of plates employed. Fabri¬ 

cation problems with more plates caused the idea to be abandoned. 

TE2I mode inhibition by the use of circumferentially placed wires 

alcv,g the arc of the sector cross section proved very promising. The wires, 

which are placed one next to another and which are DC insulated from one 

another (coil wire) inhibit the flow of longitudinal wall currents. These 

currents are necessary to support apy mode except for the circularly sym¬ 

metrical TEon modes. Low power tests with transducers modified in this fashion 

were quite an improvement (Table 5). However, under high power, arcs developed 

across large numbers of the wires in the longitudinal direction and circum¬ 

ferential TE01 burns were evident on bunches of wires causing individual wires 

to be freed from the adhesive holding them in place and causing arcs. This 

technique also had to be abandoned. 

Selective mode attenuation using slots cut circumferentially through 

the sector arc wall and filled with a lossy epoxy mixture also looked quite 

promising (Table 6). However, the power thus absorbed heated the castings to 

rather high temperatures. It was apparent that this power loss would make the 

system line loss excessive. These slots, being in the transducer, may have 

caused regeneration of the TE21 mode. Some tests were made on slots placed 

in circular waveguide. Initial tests on circumferential slots one third of 
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circumference long failed to show either the previously experienced heating 

or effective mode attenuation. Tests on full circumference slots cut into a 

circular waveguide wall were impossible due to lack of time. 

Because the attempts to prohibit unwanted modes were unsuccessful 

it was decided to try another transition design between the tee and the circular 

waveguide. The most hopeful approach seemed to be reduction of the unwanted 

mode by lengthening and somewhat modifying the original shape. Due to the 

cost Of trial pieces having a smoothly changing inner surface, it was decided 

to try a quarter wave stepped inner contour accepting the risk of poor mode 

performance due to the presence of small finite discontinuities. It was also 

decided to make the characteristic impedances of the steps follow a binomial 

theorem distribution so as to yield a good bandwidth. The first trial tran- 

sition contained 13 steps (Table 7a). As previously, probe measurements of 

maximum field strengths were made. The field strengths were separated by a 

very discouraging 6 db. Field strength separation was improved to 20-22 db 

by the addition of 21 additional steps taving a characteristic impedance equal 

to the geometric mean of the steps on either side. The additions were made in 

three separate modifications (Tables 7b, c, and d) until the largest single 

impedance jump was 11.2* of the average value of the two stips involved. This 

final version of the stepped transition with the tee has a VSWR of 1.07:1.0 at 

the design frequency of 8.330 Oc. The mode purity of this design while better 

than that employing the casting is still not good enough for use with a 

rotary joint unless other restrictions are placed upon it. 
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The finei arrangement used in the TPSCT contract was a transducer 

employing a stepped transition on one side of the rotary Joint and a trans¬ 

ducer employing a cast transition on the other side. This combination dis¬ 

played y»ry nearly the same results as when two stepped transducers were used 

on either side of the rotary Joint. In order to get satisfactory rotary Joint 

performance it was necessary to carefully adjust the phase length between 

transducers in order to obtain proper phaeing of the unwanted mode. Measure¬ 

ments of "WW" were made with a set of spacers which allowed the separation 

to be varied by 0.05 lg (TEqi at 8.33 Gc) steps (Table 8). The widest areas 

of satisfactory perfowance (VSVH^* 1.30,1) versus transducer spacing allowed 

a variation of approximately 0.15 » g in spacing. Satisfactory perfomance 

versus frequency with the spacing set at the middle of a 0.10 Ag wide region 

was.found to be 80 Me wide. These figures when compared with the bandwidth 

of the transducers isnediately show the necessity of a very high degree of 

mode purity for wideband use with s rotary Joint. Of course, transducers such 

as are dUcuased here can be used over a wide bandwidth by readjusting the 

transducer separation, it being the lack of proper phasing of the mode 

impurity which degrades the operation of the transducer pair. 

Recently, some further information has become available on the design 

of this type of transducer. Shln-ichi liguchi (« has shown that a transducer 

consisting of a single smooth transition from rectangular to sector to circular 

waveguide will contain mode impurities at or above a calculated minimal value, 

no matter how well it is designed. The TEU mode, for which liguchi predicts 

a power suppression of 15 db in his' transducer, was not detected at all in 

the dual waveguide system discussed above. It may be theorised that the high 
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suppression of the TEn mode resulted either from the lack of necessity to 

open the dual sectors to more than 180 each; or from presenting two component 

parts of the TE01 mode, one of which does not exist in the TE1;l mode, which 

inhibit the TEn mode from forming in any strength. The latter theory may be 

further supported by noting that both of the component parts presented, exist 

in and support the TE21 mode. Either theory, but particularly the latter, 

argue for the use of four quadrant inputs, thus possibly inhibiting the TE2i 

mode. Also, if the TE21 mode can be successfully suppressed, the next 

troublesome mode is the TE^l for which the waveguide may be designed to be 

beyond cut off. Another possible improvement would be the use of the cruci¬ 

form (2) rather than sector waveguide. One immediate advantage of the 

cruciform, even if no other exists, is greatly reduced cost of fabrication. 

Thus far it has not been possible to arrive at any objective figure 

for mode purity due to a lack of a consistent measurement scheme. The 

technique discussed by Klinger O) bears consideration for this purpose. 

One transducer employing a stepped transition and one transducer 

employing a cast transition were installed on the TPSCT elevation roUry 

joint. The first optimum spacing of the transducers was 2.30 Ag (TEqi at 

8.33 Gc) in excess of the rotaiy Joint length, which displayed a maximum 

VSWR of 1.21:1 through 360°. 
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TABLE 1 

TRANSDUCER USINO CAST TRANSITION AND NO INDUCTIVE IRIS 

Frequency 

7.9 Oc 

8.00 

8.10 

8.20 

8.30 

8.U0 

8.50 

8.60 

la 

Tranaducer VSWR 

1.33*1 

1.33 

1.29 

1.25 

1.23 

1.25 

1.38 

1.95 

lb 

Tee VSWR 

1.15*1 

1.11 

1.08 

l.Oli 

l.OU 

1.07 

l.lii 

1.2k 

1c 
Casting VSWK 

1.17:1 

1.19 

1.19 

1.21 

1.18 

1.18 

1.22 

1.51* 

TABLE 2 

REPRESENTATIVE VSWR OF SERIES FOLDED TEE 

Frequency 

7.63 Gc 

7.90 

8.00 

8.10 

8.20 

8.30 

8.1*0 

8.50 

8.60 

12« 

VSWR 

1.23*1 

1.16 

1.13 

1.10 

1.07 

1.01* 

1.03 

1.08 

1.19 



TABLE 3 

transducer using cast transition and inductive iris 

Frequency 

7.63 Gc 

7.90 

8.00 

8.10 

8.20 

8.30 

8.U0 

8.50 

8.60 

VSWR 

1.07:1 

1.15 

1.12 

1.09 

1.06 

1.03 

1.07 

1.13 

1.25 

12* 



TABLE 4 

TWO TRANSDUCERS SEPARATED BY 6" CIRCUI/R WAVEGUIDE SPACER AT 8.33 Oc 

H»l.tlve Rotational Position* VSWR 

0° lt26 

50° 1.12 

ss° 1.U8 

«° 1.06 

7S° 1.70 

90° 1.06 

105° 1.70 

US0 1.06 

125° 1.50 

11.0° 1.13 

180° 1.27 

215° 1.11 

230° 1.U7 

21*0° 1.06 

255° 1.57 

270e 1.06 

280° 1.90 

285° 1.07 

300° 1.53 

310° 1.11( 

380° 1.26 

*OegrM readings are apsroxlaate. 
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TABLE 5 

TWO TRANSDUCERS WITH CIRCUMFERENTIAL WIRE LINING 

SEPARATED BY ó» CIRCULAR WAVEGUIDE SPACER AT 8.33 Qc 

Relative Rotational Position* VSWR 

0° 1.22 

1*5° 1.37 

90° 1.0U 

135° 1.37 

180° 1.21 

225° 1.37 

270° i.ou 

315° l.Ul 

TABLE 6 

TWO TRANSDUCERS, ONE WITH LOSS! SLOTS, 

SEPARATED BY ó" CIRCULAR WAVEGUIDE SPACER AT 8.33 Oc 

Relative Rotational Position* VSWR 

o° 1.15 

1.06 

80° 1.15 

90° i.n, 

105° 1.03 

120° 1.03 

335° 1.07 

180° 1.16 

*Defree read Inga are approximate. 
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TABLE 7 

MTOUICl OF STEPS II QUARTER 

(•) 
3t«p N°. Iupgdanc» 

1 200 one 

2 200 

3 201 

k 

5 

6 

7 

8 

9 

10 

11 

12 

13 

208 

228 

280 

39U 

611* 

957 

13U9 

1660 

1821* 

1882 

HAVE STEPPED TRANSITION 

(b) 
3t«p No. 

1 

2 

3 

1* 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U* 

15 

16 

17 

18 

19 

20 

21 

22 

Iwpedance 

200 oms 

200 

201 

208 

218 

228 

253 

260 

332 

391* 

1*92 

611* 

767 

957 

1136 

131*9 

11*96 

1660 

171*0 

1821* 

1853 

1882 

132 



TABLE 7 - (Cont'd.) 

IMPEDANCE OF STEPS IN QUARTER WAVE STEPPED TRANSITION 

(c) 
Step No. 

1 

2 

3 

h 

5 

6 

7 

e 
9 

10 

11 

12 

13 

Hi 

15 

Impedance 

200 OttC 

200 

201 

208 

218 

228 

253 

280 

305 

332 

362 

39U 

UliO 

U92 

550 

(c) 
Step No. 

16 

17 

18 

19 

20 

21 

22 

23 

2U 

25 

26 

27 

28 

29 

30 

Impedance 

6lii 

686 

767 

857 

957 

101*3 

1136 

1238 

13U9 

11*96 

1660 

171*0 

1821* 

1853 

1882 
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SA®“ 7 - (Cont'd.) 

IMFSDAlfCE OF STEPS IN QUARTER WAVE STEPPED TRANSITION 

(*) 
Step No. 

1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Hi 

15 

16 

17 

Impedance 

200 OfttS 

200 

201 

208 

218 

228 

2li0 

253 

266 

280 

305 

332 

362 

39li 

UliO 

U92 

550 

(d) 
Step No. 

18 

19 

20 

21 

22 

23 

2U 

25 

26 

27 

28 

29 

30 

31 

32 

33 

3U 

Impedance 

6Uk OHMS 

686 

767 

857 

957 

10l*3 

1136 

1238 

13U9 

ll|21 

Hi96 

1576 

1660 

17U0 

I82li 

1853 

1882 
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TABLE 8 

Separation 

None 

0.60 

0.70 

0.90 

1.00 

1.05 

1.30 

1.50 

1.6o 

1.65 

1.70 

1.75 

1.90 

1.95 

2.0"» 

2.05 

2.10 

2.20 

2.30 

2.35 

2.hO 

2.50 

2.55 

MAXIMUM V5WR WITH ROTATION OF TRANSDUCER 

WITH STEPPED TRANSITION AND TRANSDUCER 

WITH CAST TRANSITION VERSUS SEPARATION AT 8.33 Gc 

VSWR 

1.6ii 

1.57 

2.1 

2.2 

Separation 

2.60 

2.65 

2.70 

2.75 

VSWR 

2.1 

5.9 

3.6 

l.Ult 

Separation 

3.85 

3.90 

3.95 

U.00 
1.3U 

1.35 

8.3 

1.28 

1.92 

2.5 

2.3 

6.8 

1.27 

1.33 

1.62 

2.7 

2.7 

U.O 

1.2U 

1.19 

1.30 

1.25 

U.l 

2.80 

2.90 

2.95’ 

3.00 

3.05 

3.10 

3.15 

3.20 

3.30 

3.35 

3.U0 

3.1*5 

3.50 

3.55 

3.60 

3.65 

3.70 

3.75 

3.80 

1.30 

1.28 

1.20 

1.21* 

2.2 

8.3 

1*.6 

1.1*6 

1.33 

1.35 

1.1*5 

1.21* 

1.60 

3.1* 

2.6 

8.5 

1.76 

1.39 

1.27 

1*.05 

U.10 

I*.l5 

1*.20 

1*.25 

1*.30 

U.35 

l*.l*o 

1*.1*5 

l*.5o 

1*.55 

l*.6o 

U.65 

1*.70 

1*.75 

l*.8o 

U.85 

U.95 

5.00 

VSWR 

1.15 

1.80 

1.1*7 

1*.2 

U.5 

1.92 

1.58 

1.37 

1.29 

1.27 

1.31 

1.51* 

1.50 

5.1* 

3.1 

1.71 

1.53 

1.35 

1.32 

1.31* 

1.78 

1*.8 

6.8 
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TABLE 9 

RECTANGULAR waveguide equations for the te10 mode 

1. E « 0 

2. 

E 
y 

Ez 

E sin (^0eJwt~ *z 

27 

c 

2a 

■ 2% 

*°-ß 377 ohms 

K » Jk¿ * í¿ ' . ’i 
T a 

0*0 

w.. âfe e2 i£¿r 

HX = -E Æo ^ 

Hy ■ 0 

Hz * -E¿o costae-1“1* ^ 

3. ¿ 
W Z - .4- - 2b?o 

CIRCULAR WAVEGUIDE EQUATIONS FOR THE TE KODE 
01 

4. E 

E 

E Jx (-^ r)8^-^ 

0 

H * -E ~~~ 
T .jW)’ 

He - 0 

H z -E K 

Ji(-r 

u. 
J (-± r)eJwt-^ O o 
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TABLE 9 . (Coot'd) 

- 3.832 

J X 

v-è 
c 

c = 2na 
c u 

/T7 21 

U/P. 

1 

20 ?o 

377 ohmS 

,/?T^ 1 r* - -i 
a 

2 2 
K-2 - oüV* 

o o 

5. W. ira 
j/íu.) E 2Á -v2' 

a . 2100 
o. l 2 !-71 

W* /1 ^ 

7. 

8. 

SECTOR WAVEGUIDE EQUATIONS FOR THE TE 
01 

Same as 4 Above 

2 

Wt * 0 4 J- K ) E o2«*!' '2 ^ 

P 

VI 

9. Z - I.309 
0?o 

h 
■77 

MODE 
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