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PROGRAM 777
L IFE TEST REPORT

LOW LEVE L TRAVELING -WAVE TUBE AMPLIFIERS
MODEL 12 00H

1 .0 PURPOSE

The p urpose of this test was to opera te six low leve l developmenta l

t raveling—wave tube amp l i f i ers (TWTA ) for t he st a ted pe riod of time a t

ope ra t ing c onditions specified in the S ta tement  of Work , Program 777 .

The dat a ob ta ined in thi s t e s t  is to be u sed a s a ba sis f or det er m i n i n g

the long term operating performance of each TWTA.

L 2.0  TEST OBJECTIVE

The test objective was to operate each TWTA at  nomina l ambient operat ing

condit ion and environment to determine tha t each would ma in tain speci f ied

operating character is t ics  for the period of the l i fe  test as stated in

the Program 777 Statement of Work For Trave l ing Wave Tube Ampli f ier  ...ife

Testing Continuat ion .

3 .0 TEST ARTICLE

3. 1 The lis t of the units under test is shown in Table I.

TABLE I
LIST OF TEST UNITS

HAC/EDD No. TRW No. Seria l Numbers

B200300— 121 C31054 1—1 12-1 , 12-2. 12-3

B200300—122 C31054 1—2 22-1, 22-2, 22-3

I
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3.2 Figure 1 (b) shows the Low Level Traveling-Wave Tube . Figure 2

shows the Life Test Rack. The Low Leve l TWTA ’s are mounted in the lower

row of the left and center bays . The right bay contains the blower ,

power supp lies, controls and elapsed time and current monitor meters.

4.0 SUMIIARY OF TEST RESULTS

Summarie s of the Life Test Data are shown in tabulations and graphs

inserted at appropriate p laces in the discussion. This data was

abstracted from the reduced recorded data attached as Append ix D.

A total Life Test operating time of 295,142 hours for the six TWTA t s

was recorded .

One Low Level TWTA, Mode l l200ii, S/N 22-2, failed after 6784 high

voltage hours of operation . The mode of failure was loss of emission

from the tube cathode caused by a reaction tha t produced a sintered and

fused coati ng. The source of the reactants  was not clear , but a leak

not detectable  by helium- mass spect rograp hic de tec t ion me thod s or a

virtual leak condition in the tube are most like ly. See Append ix A.

Malfunction Report 2355. for details of this failure .

5.0 TEST FACILITY AND PROCEDURE

5.1 Test Facility

The test facility consisted of a three-bay rack assembly. Two bays

contained twelve TWTAs which inc luded the six Low Leve l units in two

rows mounted on wa ter cooled p lates to maintain a temperature of 90°c

at the base p lates. One bay contained the power supp ly, switches and

indicators to provide the specified operating conditions and elapsed

t ime mete rs.  Test equi pme nt used to make the periodic tests  is l isted

in Tab le II.
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TABLE II

LIST OF TEST EQUIPMENT

Test Equipment Manufacturer Model No.

1. Sweep Oscillator H-P RF Unit
HOl-8694B
Serie s 8690

2. X-y Recorder H-P 70358

3. Frequency Meter H-P 537A

4. 20 dB Direc tiona l Coup ler Narda 3045C-2O

5. Crys tal  De tector A l f r ed 1001

6. PIN Modulator H-P 8734A

7. Inver tor and Leveler Amp lif ier HAC 40l-840LA

8. 10 dB A ttenuator Narda 774—10

9. Dua l Directiona l Coupler Narda 3024

10. Crys tal H-P 423A

11. Rat io Me ter H-P 4168

12. Shor t (female) Narda

13. Power Meter H-P 432A

14. Thermistor Mount H-P 478A

15. 6 dB A ttenuator Weinsche l 530A

16. Low Pass Fil ter 8 GHz Microlab LA-80N

17. Hi gh Power Load Narda 376NM

18. 10 dB D ire c t iona l Coup ler Nard a 3034B- 10

19. 20 dB Direc tiona l Coupler Narda 4016-20

20. Variable A ttenuator PRD ClllO

2]... 10 dB Direc tiona l Coup ler

(Ku Band) H-P P752C

22. Low Leve l Waveguide H-P P91OA

23. Coaxial Hybrid Coup ler Narda 3034
24 . Load Weinsche l 535-MN
25. Signal Generator PRD 1207

26. 20 dB A ttenuator Narda 777c-20
27. DC Power Supp ly Lamda LK343FM
28. Control 5ox HAC 304083

29. Digital Voltme ter Fairchild 7000-OPT- i

30. Oscilloscope Tektronix 531.A

31. Curren t probe Tektronix P6042

32. Dua l X - Y  Recorder H-P 136A

I
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5. 2 Test Procedure

Pe riodic test ing was performed according to 777 TWTA Life Test Plan and

Procedure LTPB200300-400 for  Low Level TWTA5 . See Append ix B. Block

diagrams of the test  con f igu ra t i ons  are shown in A ppend ix B, Life  Test

Plan and Procedure .

Weekl y tests  were perfor med u n t i l  Jul y 1973 . After tha t  date , monthl y
per formance  measurements  were made of the listed parame ters.  A t  tha t

time , regu la r  measurements  of Insert ion Loss , A t t e n u a t o r  Inpu t  and

O u t p u t  Impedances , and cathode Act iv i ty were in i t ia ted .

Four r egu la r ly spaced Bench Tests  were made . These were performed

accord ing to the require ments  of the Low Level Accep tance  Test

Procedures a t tached as Append ix C. This da ta  is lis ted on a separate

sheet and is inserted as the f i r s t  page of da ta  for  each individua l

amp l i f i e r  in Append ix D.

A d d i t i o n a l ly, a f i n a l  Bench Funct iona l Test was pe r fo rmed  in accordance

w i t h  the Life  Test  Plan and procedure at  the end of the extended l i fe

tes t  period . R e s u l t s  of th is  t e s t ing  is included in A ppend ix D.

6 .0  DISCUSSION OF TEST RESULTS

6.1 L i fe  Test Data

A ppendix D contains  the reduced tes t  data  recorded pe r iod ica l ly dur ing the

Life  Test .  I t  is the mos t c u r r e n t , accura te d a t a  a v a i l a b l e ,  recorded in

accordance  w i t h  the l a t e s t  issues of the s p e c i f i c a t i o n s  and test p lans .

The da ta  is organized b y n u m e r i ca l l y seria l ized u n i t .  Fol lowing these

da ta sheets for each u n i t , each pa rame te r  is p lo t t ed  aga ins t  a time scale

so tha t t rends or anomal ies  can be observed and compared aga inst  o ther

parame ters .  The f i r s t  page of each set of da ta  sheets con ta ins  per iodic

tes ts  made per Accep tance  Tes t  Procedure ATPB200300-400. See A ppend ix C

fo r this procedure .

The remaining pages of da ta  were recorded using Life  Test Procedures

LDPB200300-400 for Low Leve l TWTAs. See Append ix B for this procedure.

6 
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6 .2  Data Presentat ion

Figur e 3 presents a summary of the L i f e  Test Da ta l i s t ing the maximum

and mi nimum values recorded during the comp lete test.

Figure 4 presents data  shoving the init ia l value  as a referenc e point and

the percent change from the maximum and minimum values tabulated in Figure 3.

Figure 5 is a subjective tabula t ion  of trends which is an a t temp t to show

the genera l trend of the da ta  over the extended Life Test period and a

general description of the form the data take s during the period of the

tes t .  It also show s the change from s ta r t  to f in i sh , whether the va lues

showed an increase or a decrease; and , in some in stances , a va lue wi th in

which the data varied.

Figure 6 is a grap hic presentat ion of the Cathode Act iv i ty  data for the

Low Level TWTAs . This graph shows the trend of decreasing cathode

activity . Serial Number 22-3 exhibited sharply decreasing ca thode activity

for the first 25,000 hours after which the trend leveled of f. After

45,000 hours, it again dropped sharp ly. It is still within the specified

l imits .  No s ignif icant  change of other measured parameters of this  TWT

has occu rred .

Figures 7 through 18 are condensed data p lo ts  of selected parame ters.

Data points a t  approxima te ly equa l intervals  of t ime are p lotted and

overall trend s for these parameters are shown.

Seria l Number 22-1. has shown a steady rise in Helix curvent telemetry

voltage . This characteristic is not evident in any of the remaining

TWTAS, nor is any effect visible in other measured parame ters.

The orgina l data presents the remaining parameters in a manner which

clearly show s the life trend of their characteristics. See Appendix D.

_ _ _ _ _  
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6.3 Discussion of Data

Figures 3, 4 and 5 are summaries of the data of Append ix D. They show

the maximum and minimum va lues of each parame ter for each serialized

uni t  percent change from initia l value and note s igni f icant  events and

trends.

The most significant event was the failure of Low Level TWTA B200300-122

Se rial  Number 22-2 a f t e r  6784 high voltage hours of operation.  This

f a i l u re is anal yzed in A ppend ix A, Ma l func t ion  Report 2355.

The Low Leve l TWTA f a i lu re  was cathode coating s int er ing and fus ing .

The cause of this f a i l u re was mos t likely a reaction of compone nts  from

a no n-detected leak or v i r t ua l  leak condition in the travel ing—wave tube .

T.0 ow Level TWTA s had th ree instances of Small  Si gnal Ga in dr i f t i ng  out of C

spec i f i ca t i on  l imits , S/N 12-3 d r i f t ed  hi gh , and S/N 22—2 and S/N 12—1

d r i f t e d  low .

Th~ . d r i f t  of the Small Signal Gain did not  appear  to a f f e c t  the operation

or to be ind icative of any ma l func t ion .

He l ix Current Te lemetry Voltage data ind icate s some large variat ions

in this  pa rameter. This data  is p lotted grap h i c a l ly in Figur es 7 , 9,
11, 13, 15 and 17 at approximately equal points along a linear time scale.

Se ria l Number 22-2 changed during its l i fe  befo re f a i lu re . Malfunc t ion

Report 2355 , Page 2 (A ppendix A ) shows an approxima te inverse relationship

be tween He lix Current  and RF Power Outpu t .  No corre lation was made between

this e f f e c t  and the TWTA f a i l u re . Of the othe r TWTA s . on S/N 22- 1 showed

a con t inua l rise in He l ix cu r ren t  te lemetry da ta . This data  has had no

appa rent  e f f e c t  to da te .

I.’
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Figure 5 shows attenuator resistance increasing with time. Unlike the

High Level TWrA ’s, there was no accompanying consistent increase in

small signal gain, and no obserable decrease i-i insertion loss. While

the increase in attenuator resistance may still be related to the as

yet undetectable reduction in insertion loss, (measurements at approx-

imately 100 dB become relative in magnitude) no defenite asser tion can
be made at this time. A possible increase in beam size may signify a

connection between increased attenuator resistance and increased helix

current, as in S/N 22—1. This relationship has not been verified. The

apparent intermittence may be an effect on the measurement technique as

it requires a careful pin to barrel measurement.

Three tubes, S/N 12—1 , 12—3 and 22—1 exhibited phase shifts that were
out of spec. As there is no indication of malfunction, this was not
investigated.

7.0 CONCLUSIONS

The preceding data shows no conclusive correlation between observed

parameters which could indicate incipient failures.

Serial Number 22—1 has shown the most change, and as such, will be
watched closely in the future.

The only consistent trends appear to be decreases in cathode activity,

and increases in attenuator resistance. This is no obvious connection

between the two.

The Cu rent frequency of test measurements is appropriate. Reference

Life Test Plan LTP B200300—400 Section 3.4.2.1. Yearly Bench Functional

tests allow complete evaluation of all parameters at sufficient intervals.

Monthly RF tests permit timely observation of any approaching failure.

25
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It is not recommended to insert new measurements , or revise measurement

techniques at this time. Continuation of the life test process will

allow direct correlation of future data to the data base now available.

r’
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FAILURE REPORT 1200H , SERIAL NUMBER 22-2

1.0 INTRODUCTION

This f a i l ure report  describes a m a l f u n c t i o n  of a 1200H Trave l ing-wave

Tube Amp lifier serial number 22-2 , which occurred during life test

a f t e r  6784 hig h vo l tage  operat ing  hou rs .

2 .0 BACKGROUND INFORMATION

Un it was being subjected to life test in accordance with Hughes A ir-

craf t Company ’s documen t LIP B200300-400. The test was operating

continuously at a basep late temperature of 90°F 
± 

15°F in a laboratory

environment. Weekly the unit was turned off , transferred to a test

station and the following data recorded :

1. All Telemetry

(a) Input Current

(b) Cathode Current

(c) Hea te r  Vol tage
(d) Hel ix  Curren t

(e) Ca thode Voltage

2. Satu ra ted RF power out vers us f req uency

3. Small signal gain versus frequency

Raw d at a is incl uded in A ppend ix A .

3 .0 DESCRIPTION OF TROUBLE

Unit performance was normal for first seven months of life test. Five

a d d i t i onal u n i t s  are on l i f e  tes t  and t rends  are monitored . Fi r s t

indication of trouble was a trend of decreasing cathode current

teleme try voltage accompanied by a trend of decreasing RF power outp ut

at  a l l  f requencies over the hand . I t  should be noted t h a t  the  sh a p 4 ~i

of the swept RF sa tu ra ted  powe r o u t p u t  curves did not change , on l y  t h e

level of output was dropping over the band . These first indications

we re followed w i t h i n  approx ima te ly  seven weeks by a sharp  upward
trend in helix cu r r en t  te lemet ry  vol tage  and an ever inc reas ing  r a t e

4 of RF power and cathode current voltage telemetry

1’
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decreases (see Figure 1). Unit dropped below 27 dbm power output

specifications after 6784 high voltage operating hours. Append ix B

contains samp le sa tura ted power output sweep curves from beg inning

of the life test and every two months until power dropped below

required 27 dbm which constituted a “failure” as de f ined  in the tes t

plan.

4.0 VERIFICAT ION AND ANALYSIS

Preliminary investigations isolated the problem to the traveling-wave

tube (263H , S/ N 42A) .

The traveling-wave tube was disconnected electrically from the power

supp ly by cutting the tube leads. The power supply was connected to

a load simulating the traveling-wave tube and al l  voltages and currents

provided by the power supply were checked against those of the final

power supply ATP. All voltages and currents were the  same as a t  the

time of integration of the power supply and traveling-wave tube .

Traveling-wave tube heater current was normally .250 A. An a t t empt

to reac t iva te  the cathode by opera t ing  the tube for 48 hours at  a
heater current of .280 A was not successful and resulted in a more

rapid degradation of cathode performance. It was then decided to

begin detail teardown analysis of the traveling-wave tube .

4.1 Travel ing-wave Tube Disassembly and Pre l iminary  Ana lys i s

After determining and verifying the degraded cathode performance ,

the t ravel ing-wave tube was s y s t e m a t i c a l l y  disas sembled in an

e f f o r t  to determine the na ture and cause of f a i l u r e . Since the

problem was manifested in the area of cathode performance ,

particular attention was given to checking for vacuum leaks ,

J providing the least vigorous change in cathode environment and

carefully obtaining the cathode assemb ly in tac t for closer

exami nation and analysi s. The fol lowing operat ions were conducted
in di sassembl ing the t ravel ing-wave tube .

— 3—
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4.1. 1 Removal of Gun Cover, Pot t ing ,  Exposu re of Tubulat ion

Leak checking requires exposing the tubu la t ion  for app-

lication of leak check tube . The gun cover and surrounding

potting were removed exposing the tubulation .

4.1. 2 Drilling of Tubulation, Attachment of Leak Check Tube

and Leak Check

The exposed tubu la t ion  having  been cleaned , a hole was

dr illed into it at the planned point of attachment of the

leak check tubing. The ‘vacu um was broken in a dry nitrogen

atmosphere in order to minimize the possibility of any

room ambien t  air  wi th  water  vapor enter ing the t ravel ing -

wave tube and e f f e c t i n g  the cathode coat ing condi t ion .
The leak ch eck tube was the n soldered on and a leak check

was performed with a Veeco helium mass spectrometer leak

detec tor .  I n the case of th is  and suceeding leak checks ,

the t ravel ing-wave tube was then back filled with dry N2
and the leak check tube pinched off resealing the traveling-

wave tube for the next operation. The leak che ck was
nega tive . Helium bagging of the entire traveling-wave

tube showed no ind ica tion of a leak .

4.1. 3 Removal of Packaging and Po t t ing  From Other  Ceramic Seal

Areas

The p a c k a g e  pa r ts and po t t ing  were removed to expose the

gun bottle , the collector and isolator assembly, and the

R . F .  window s. These areas  were thoroughly sandblas ted
c lean and successive leak checks were performed in an
e f f o r t  to isolate  any leaks which mig h t  have appea red .

No leaks we re detected .

•1
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4.1 . 4 Remova l of Magnet  Cover and Basep ia te

The magnet cover and R.F. connec tor suppor t yokes were

nex t removed . The collector heat sink assembl y was

then heated to a sufficiently hig h tempera ture to f l ow

the so lder and remova l of the t r ave l ing-wave  tube

(co l lector )  was accomp l i shed .  Another  leak check was

then performed. Again the results were negative .

4.1.5 Photographs and X-Ray Photos

At this point , the traveling-wave tube was X-ray phot o-

grap hed in two 900 planes in an effort to uncover any

internal abnormalities visible in this type of photo.

Figure  6(a) and 6(h) show the X-ray photos . Figures 2 .

3, 4, and 5 show t h e  t r av e l  l u g - w a v e  CruH in v a r i o u s

stages of disassembly.

4.1.6 Opening of Vacuum Envelope and Removal of Cathode

Re fer to F igure  7 for the  order of d i s a s s e m b l y .  The

tubulation flange was cut circumferential ly and removed .

The get’ er was removed a nd put aside. Next , the heater

leg was c u t  where It attached to the heater ring cross

bar. This series of operations freed the cathode/support

a ssembl y of co n s t r a i n t s  from the back  s i d e .

N e x t , a c i r c u m f e r e n t i a l  c u t  was  made through the anode

suppor t f l a n g e . At t h i s  p o i n t , the  “ b a c k ”  p o r t i o n  of

the gun ottle was removed , containing the cathode and

support assembly, expos ing the f ron t face  of the ca thod e

and r e v e a l i n g  the expanded and poorly a d h e r e n t  c o n d i t i o n
of the c o a t i n g .

.5 -



— At this point , it was noted that the condition of the

coa ting was distinctly abnorma l while no abnormalities

were evident in other adjacent parts of the traveling-

wa ve tube and no de tec tab le  leaks were indicated in a

rat her ex tens ive  series of leak checks .

-6-



FIGURE 2 . LEAK CHECK TUBE SOLDERE D IN PLACE ON TUBULATION .

-
-
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_ _ _ _  ~
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~

FIGURE 3. GUN CERAMICS AND R.F. INPUT WINDOW EXPOSED AND CLEANE D
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FIGURE 4 .  COLLECTOR /HEAT SINK AND COLLECTOR ISOLATOR EXPOSED .

1~~~

FIGURE 5 . PACKAGE AND HEAT SINK REMOVED .
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TWO VIEWS OF TWT GUN AREA - 90° ROTATION

I

FIGURES 6(a) and 6(b). X-RAY PHOTOS OF TWT WITH MAGNET STACK
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Remove Cathode

- 
—5- Assembl y.

~~~~
.._— 4. C i r cumfe rne t i a l

- Cut and Remove (b). -

~~ 
,~~~~

._.-3. Cut Heater Leg. i
Cut and Remove
Getter. -

FIGURE 7 . OPENING OF VACUUM ENVELOPE AND REMOVAL OF CATHODE ASSEMBLY -
~~
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4 . 2  M a t e r i a l  A n a l y s i s

4 . 2 . 1 M ethod and Analys is  Data

The d i sa s sembly  of the  tube exposed the c o a t i n g  on the

ca thode  for  e x a m i n a t i o n . Macroscop ic e x a m i n a t i o n  of

the  ceramic  suppor t  r ings  and the focus  electrode ,

Figure  8 , did not disclose any foreign m a t e r i a l , di a-

co lora t ion , or unusua l  condi t ions . E x a m i n a t i o n  of the

ca thode  c o a t i n g  ind ica ted  it had grow n to an e x t e n t

t h a t  i t  was in c o n t a c t  w i th  the focus e lec t rode  and had
• buckled and cracked in one area , F igure  9 .

To provide a s t a n d a r d  for  comparison , the  ca thode  f rom

263H , S/N 51 tube was ana l yzed along w i t h  the  S/N 42A

cathode . The S/N  51 tube had e x h i b i t e d  s a t i s f a c t o r y

cathode  c h a r act e r i s t i c s , and the ca thode had been coated

close to the same time as the S/N 42A. Prior to opening

the tube , i t  was s u b j e c t e d  to the  same ca thode  over-

tempera ture  cycle  t h a t  had been used in the a t t e m p t  to

r e a c t i v a t e  the S/N 42A tube .

The coa ti ng on the  S/ N  51 c a t h o d e  did not exh ib it any
i n d i c a t i o n  of growth , F i g u r e  10. The t e x t u r e  of the

c o a t i n g  su r face  appeared s imi l a r  and normal  fo r  both

cathodes . Some smal l  copper c h i ps were observed on

the  s u r f a c e  of the  c o a t i n g  from S/N 42A;  a p p a r e n t l y

drawn in to  the  tube when a hole was d r i l l e d  in the

copper p i n c h - o f f  to l e t  t h e  tube down to n i t r o g e n .

A sharp  po in ted  s t a i n l e s s  s tee l  probe was used to  check

[ the adherence of the  ca thode  c o a t i n g  and to remove s u f f i c i e n t

c o a t i n g  to check the  c o n c e n t r i c i t y  of the  ca thode  to the

focus electrode of the S/N 42A. The c o a t i n g  was found

to be extremely b r i t t l e  i n d i c a t i n g  a s i n t e r e d  c o n d i t i o n ,

Figure  11.

— U —
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A f t e r the cathodes were removed from the focus electrodes ,

they were examined microscopica l ly .  A comparison of

the coa t ings , Fi gures 12 , 13 , and 14 , did not reveal

any si g n i f i c a n t  d i f ference except for the crack in the

S/N 42A. The e x t e n t  of the growth of the c o a t i n g  on

the S/N 42A ca thode  is show n in Figure 15.

To check the adherence of the c o a t i n g  on S/N 51 , a

scratch test using the same pointed probe was perfor med .

Th e coa ting exh ib ited a typ ical good adhere nt , no nbri tt le ,

pasty type coating, Figure 16 .

Af ter microscop ic examination , a sma ll samp le of the

coating was removed from the cathode surface , Figure 17 ,

for  X- ray  d i f f r a c t i o n  and emission spec t rog raph i c

anal ys is . The samp les of the coating were contained in

cellulose nitrate for handling dur ing  anal ys is . The

X-ray diffra ction and spectrographic analysis data are

l is ted in Table I and 11 respec tivel y.  During the

samp le collection period , the coating on the S/N 42A

cathode curled up and lifted from the nickle surface

of the cathode , F igure 18 . The absorption of moisture

most p robably  caused t h i s , but  the r ig i ty  of the  coa t ing

ind i ca t e s  the h i gh degree of sintering that had occurred

to the  c o a t i n g .

An e l ec t ron  beam microprobe a n a l y s i s  of the  c o a t i n g

s u r f a c e  was a t t e m p t e d ;  howeve r , the  poorl y a d h e a r i n g

c o a t i n g  on the  S/N 42A c a t h o d e  d is lod ged and was lost

d u r i n g  the  p r e p a r a t i o n  to i n s t a l l  it in the anal yzer .

B a r i u m  and s tr o n t i u m  were indica ted  in small  r emnan t s

of the  c o a t i n g  but  a more q u a n t i t a t i v e  anal ys i s  was

not f e a s i b l e .

-12-
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To permit examina t ion  and comparison ana lys i s  of the

nickel  subs t ra tes , the  oxide coa t ing  was removed from

the S/N 51 ca thode .  The coa t ing  s t i l l  had the typ ica l

pa s ty cons ist a ncy , a nd i t was d i f f i c u l t  to remove

i n d i c a t i n g  good adherance . E l e c t r L cl beam microprohe

a na lys is  was performe d on the surface of the n i cke l  to

which  the coa t ing  had been ap p lied on both the S /N  42A

and S/ N 51 cathodes. A manual spectral scan for all

elemen ts from atomic number 12 and up for  a leve l in

excess of 0. 1% was run on both  samples .  The only
difference be tween the two surfaces was indicated by

an unidentified line at 4.75°A on the S/N 42A cathode

wi th the amount present being very mir .or. The closest

correla tion would be a ‘..al pha line of chlorin e h u t  a

v a r i a t i on  in valence s t a t e  would he required . Ana l y s i s

for spec i f ic  e lements  are shown in Table I I I .

Microscopic examinat ion  of the meta l  su r faces  under the

co a t i n g s , Figure 19 , did not reveal any s i g n i f i c a n t

dif ference in the c h a r a c t e r i s t i c s  of the nicke l s u r f a c e .

Samp les of the  nickel  base from each cathode were

analyzed b y emission spectrographic  ana lys i s .  The da t a

are reported in Table IV.

4.2.2 Disc ussion

The grow th condition observed in the coating on the cathode

from S/N 42A is a condition which has been observed in

the past but the incident s have been very ra re .  ?~ecause
r of the ext reme r a r i t y  of the cond i t ion  very l i t t l e

in fo rma t ion  e x i s t e d  on the  growth cause. I t  had a lways
bee n pos tu la ted  to be caused by a leak . C o n s e q u e n t l y ,
i t  was dete rmined t h a t  the only way to o b t a i n  a
me a ni ng fu l  ana lysis would be to perform the ana lyses

— 13—



on both a “good” or s tandard ca thode  and the f a i l ed

cathode . Any d i f f e r e n c e  would then be examined as the

poss ib le  cause  of the  growth and s i n t e r in g .

Some mechan i sms  have been pos tu la t ed  to exp l a in  the

growth . A normal  cathode should exper ience a s l igh t

shrinkage during and after activation. If the coat were

a sol id , con t n uous cr ystal , shr inkag e may occur . Of

course , this is not the case since the coating is very

poro us . Cons equen tly ,  little if any dimensional change

would be observed on the scale of a mu or more .

At the time of activation , the very small  crys tals  of

bar ium-strontium oxide grow at an extremely rap id ra te

so that crystals of 200°A or even 2000°A siz e grow to

i0~~ cm in size in a matter of a minute or so. This

rap id grow th occurs a t tempera tures h igher than 800°C.

A homogeneous solid solution of (Ba-SrO) is formed in

30 minutes at 800°C . Only at 1,000°C is a single X-ray

line of the mixed crystal obtained, tip to this temperature

l ines of Ba O , SrO and the mixed crystal are obtained .

During normal cathode life , the coating would remain at

a fixed dimension. This is confirm ed by E isens tein

[JAPL 17, 434-442 (1946)].

The l a t t i c e  paramete rs  change d r a s t i c a l l y  and rap idly

at  a c t i v a t i o n .  The fol lowing t a b u l a t i o n  disp lays the

va lues :

11
-f
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I
I

Bef ore A c t i v a t i o n  A f t e r  A c t i v a t i o n

$ ~~ 03 SrCO3 BaO SRO

Rhombohedral Rhombohedral Cubic Cubic

I 
a = 5.29 a = 5.13 ~ a h-c-5 .5 a b-c=5 .l0 A

b=8 .88~~ b=8 .42 A

c = 6.41 A c = 6 .10 A

D e n s i t y  = 4.42 = 3.70 = 5.72 = 4.7

I
Coefficien t Expansion

$ Nicke l = 13.5 x i O -~
B aO ( A f t e r  A c t i v a t i o n )  = 17 .8 x l0~

6

SrO (A f t e r  A c t i v a t i o n  32 x io-~
- (BaS r )O Mixed C r y s t a l  

6
~A ft er  A c t i v a t i o n )  2 6 . 6  x 10

The p a r t i c u l a r  problem of exp l a in ing  the anomalo us

coa t ing  growth mus t  inc lude  such mechanisms  as:

1. Carbona te  r e f o r m a t i o n  by a b s o r p t i o n  of CO 2 from air

~not very l i k e l y  a t  the temperature involved and

pressure exp erie nc ed by the tube).

2 . Oxide formation from the barium metal generated.

This may be feasible jr-i a leaky tube or in one in

wh ich a virtual oxygen leak is present due to

contaminant. Air leakage over a long period of rime

I wou ld :
(a) Decrease emission slowly from the cathode by

-. 
ox idation of the “free” barium .

(h) Force an expansion in the coating du e to the

“new” compounds with high expansion or bulky

crystal .

F
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3. Coating expansion due to formation of anomalous

“new” compounds with high expansion or bulky crys tal.

If one ass umes a two dime nsional expansion , the coa t ing

expanded about 2%, i .e., volume of coa t in it ia l l y (.090”

d iameter x 1.5 mu thick) .

.0000094 in3

volume of coat after (.092” diameter x 1.5 mil thick)

.0000096 in
3

If one postulates that the expansion was three dimensiona l ,

then the volume increase is:

Initiall y .0000094 in 3 (.090” diameter x .0015” thick)

Final .0000164 in3 (.092” diameter x .0025” thick)

or a gain of 175%

Such a large increase in volume would require the

formation of very bulky molecules such as hydrates or

compou nds more bulk y than BaZrO 3.

During operation at 600°C , the “normal” coa ti ng w ill

expand 1.7 mils while the nickel will expand 0.7 mils .

Of cour se , upon cooling, the coa ting will contract.

At 800°C , the coa ting would expand 2 .3 mils which would

then contact the focus electrode. If , at that temperature ,

the coa ting were “set” by having a new phase formed ,

the contraction upon cooling may not necessarily retur n

the coa t to its original size . The n on opening the tube ,

the coating would seem to be larger than originall y made.

-16-
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Assuming that the coating expanded to touch the focus

electrode , the confinement force would be sufficient

to cause r u p t u r e  of the weak mechanical bond at the

points of most intense force application , i.e., at the

edges. Once the edge coated-substrate bond had been

broken , the emission would drop quickly to some fraction

of the orig ina l amount. Examination of the cathode

shortly after opening showed abou t 25% of the surface

appeared to be “lifted” from the substrate around the

outer edge.

One mechanism of degradation assumes that the coat

retains electrical but not thermal contac t with the base.

This could be achieved by rupture of the substrate bond

but retention of coating particle to particle Contact.

Th en 257~ of the coating would be reduced in temperature

by perhaps 507., essentially reducing the total emission

by 10 to 157,.

Now , if one assumes that both thermal and electrical

contact is broken in 30% of the total area , the total

emission of the cathode could drop by 30 to 507,. This

reduction imp lies that the 25% “lifted” area and 20

to 25% of the remaining periphery of the coat is inactive .

The drop in cathode emission could have the following

pattern:

I. Slow Decrease of Emission

Oxidation ‘by a leak) drops the emission slowl y and

causes the coat to expand abnormally, contacting

the focus electrode.

—1.7—
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2. “Rap id” Drop in Emission

Once the coat has contacted the focus electrode ,

the bo nd to the subs tra te is brok en in several we ak

loca tions . Thermal contact is lost on 10 to 25%

of the coat , resulting in some drop of to tal emi ssio n ,

perhaps less than 107,.

3. Abrupt Decrease in Emission

The coating continues to “grow” due perhaps to a

more r ap id evolution of Ba from the remaining

thermally contacted (now “overhea ted”) area , fol lowed

by subsequent oxidation. There may, then , be a point

where more coa ti ng breaks free of the substrate , not

complete , but partiall y, and a large unassessable

drop in emission would occur . At this point , the

“normal” mode of “curi ng a s ick cathode ” by increasing

the heater outpu t would simp ly lead to more BaC

production and a resultant decrease in emission.

A rev iew of ca thode li tera ture from o ther organ iza tions
indicated two known causes for growth have been identified

in the carbonate type cathode coating. Both

causes are associated with a sintering and fusion of the

oxide coating . The sintering and fusion decreases

poros ity and causes varing degrees of poor coat ing

adher en~e to the base metal - related to brittleness -
because a greater cohesion for itself occurs than

adh es ion to the base me tal . The leve l of em iss ion is

reduced in a sintered oxide coating beca use of decr eas ed

poros ity and an increase in the size of the crystallite

la ttice. The conductivity of such a fused coating is

decreased as the effect of the electron pore gas type 1

-18’-



of elec tron transfer is diminished . The increased bu lk

electrical resistance lowers the level of emission by

caus ing a decrease in the cathode to anode voltage .

• The two mechanisms involve the formation of low melting

phases. Th~ f i r s t  is the f o r m a t i o n  of a 2B aCO3 :lBaO

eutectic composition with a melting point of 1027°C.

This eu tectic can be formed during the thermochemical

decor~posi tion of the carbonates to oxides, The de-

composi tion is a two step process defined by the follbwing

equa t ion:

3Ba CO 3~~~ 2BaCO 3 : lBaO + CO2f~~~
3BaO + 2C02 

~

If a nonequlibrium state caused by rap id heating or peor

pumping condi tion occurs during the decomposition. the

par tial pressure of carbon dioxide can accelerate a

melt si tuation caused by the forma t ion of an excess of

the 2B aCO 3:lBaO eutecic phase in the first step - resulting

in large crystallite growth and fusion effects.

The second mechanism is the formation of Ba iO~-1) ,, with

a melting point of 395°C or of Ba(O’1)2 ’Sr (O!’r 2 eutecic

composition with a melting point of 360°C . Whe n the

cathode coating is in the oxide form , it is vulner able

to the poisoning action of gases and water vapor  t h a t

w i l l  tend to c h a n g e  i t  h a c k  to t h e  hy d r o x i d e  or c a rb o n a t e

as follows :

BaO+H 2 0—.-Ii a( OH ’) 2

The formation of the low melti ng compounds can induct ’

excessive sintering and fusion of the coating.

II



The macroscopic examination of the S/N 42A cathode

coa ti ng revealed tha t the coa t ing was in in tima te contac t

wi th the focus electrode. The crack in the buid ged

reg ion alo ng the ed ge indica tes tha t grow th con tinued

after contac t was made with the electrode and it forced

the coating to buckle away from the nicke l substrate.

The coating exhibited the characteristics of a hig h degree

of sintering or fusion .

The de tec tion by X-ray d i f f r a c tion anal ysis of Ba(OH)2
in the S/N 42A coating but not in the S/N 51 coating

indicates this low melting phase could have contributed

to the sintering and fusion of the coating . Upon

exposure of BaO to wa ter vapor and car bon d iox ide in

the a i r , the following reactions can be expected to occur:

BaO + CO2 — -BaCO3

Since BaO was not detected in the S/N 42A cathode coating

and the Ba(OH)2 would be expected to convert to a

carbona te on exposure to air , the forma tion of Ba (OH ) 2
and Sr(OH)2 in the coating prior to opening the tube to

air  is sugges ted . These compounds form a eutectic which

would induce sintering and fusion. The normal reac t ions

associated with the exposure to air could be inhibited

beca use of the h igher dens ity of the fused coating.

The detec tion of BaO and BaC O3 bu t not Ba(OH)., in the

S/N 51 coa ting is in agreement w ith the d irec t convers ion
of the oxide to the carbonate on exposure to air.

The em iss ion sp ec trograp hic analysis of the coatings

are semiquantitative and the sensitivity limits on the

S/N 42A sample is significantly less than the S/N 51

beca use th e samp le size was much smaller. Also , the

percen tages reported are based on the combined weight of

-20-
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the coa t ing  and a cellulos e n i t ra te  carrier  used to

con ta in  the samp-les . The h ig h coppe r in the S/N 42A

is a t t r ibu ted  to the copper chips from the d r i l l i n g

of the pi nch -o f f  tha t  were observed on the coa t ing

$ sur face .  The absence of barium in the anal ysis is

asc ribed to its low melting point. Barium also possesses

an inh erent low sensitivity of detection and high vapor

pressure that results in it boiling off very early

in the emission burn. The high sil icon indicated in

bo th  coat ings  is mos t likely related tc con tamina t ion

p i ck -up  du r ing  the ana ly s i s  process.  Al l  other  e lements

found in the S/N 42A coating are norma l trace elements

and the othe r trace elements  indica ted  in the S/N 51
coa ting are associated with the increased sensitivity

for de tection related to the larger samp le size . The

significance of the data is that no elemental contamination

was fo und in the S/N 42A coa ti ng tha t could h e ass oci a ted

with the poor emission or sintered condition of the

coating.

The microprobe and spectrograp hic analysis of the nicke l

base alloy did not reveal any abnorma l conditions.

4.2.3 Conclusion

The loss of emission from the cathode of the S/N •‘+ 2 A

tube  was caused b y a r e a c t i o n  t h a t  produced a s i n t e r ~ d

and fused  c o a t i n g .  The source of the reactants is nor

clear but a leak not detectable by helium-mass specrro-

grap hic detection method s or a virtual leak cond ition

— in the tube are most likely. The growth of the coating

to the ex t en t  of c o n t a c t  w i t h  the focus e lectrode caused
cooling of the coating to further reduce emission.
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Likewise , the buckled , non-adherent , coating would

experience a drop in temperature and further reduce

emission.
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FIGUR E 8 , VIEW OF CATHODE (CENTER) FOCUS ELECTRODE ,
AND CERAMIC SUPPORT RINGS OF THE GUN

ASSEMBLY AFTER REMOVAL FROM THE TUBE .
MAC . 5X
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FIGURE 9. VIEW OF CATHODE COATING IN CON TACT WITH THE FOCUS ELECTRODE

WITH CRAC K IN A Bu LGED REGION ON THE RIGHT SIDE . MAG.1 5X

V

FIGURE 10. VIEW OF CATHODE COATING FROM S/N 51. NOTE : COATTNG TS

NOT TOUCHING FOCUS ELECTRODE BUT ‘lAS A TEXTURE SI M I TAR

TO FIGURE 9 COATING . MAC. l5X
-24-
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FIGURE 11. FRAC TURE D COATING AT THREE POINTS PROBED WITH

STAINLESS STEEL POINT INDICATING THE FUSED AND
BRITTLE CONDITION OF THE COATING . MAC . 15X

(
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(A)

(B)

FIGURE 12 . CATHODES (A) S/N 42A ; (B) S/N 51 AFTER REMOVAL FROM FOCUS

ELECTRODE IN THE GUN ASSEMBLY . THE COATING ON THE REGION

OF EXPOSED NICKEL AT THE EDGE IN (A) FLAKED OFF DURING THE

REMOVAL OF THE CATHODE FROM THE FOCUS ELECTRODE . MAC . 50X

‘S
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FIGURE 13. (SAME AS FIGURE 12 EXCEPT AT HIGHER MAGNIFICATION.) MAX . lOOX
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FIGUR E 14, (SAME AS FTC IJRE 13 EXCEPT HIGHER MAGNTFTCATTON .~ MAG . 200X .
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FIGURE 15 , AREA OF COATING AT THE EDGE OF S/N 42A CATHODE THAT DID NOT

FLAKE OFF DURING THE REMOVAL FROM THE FOCUS ELECTRODE AND

ILLUSTRATING THE DEGREE OF GROWTH IN THE COATING BEYOND THE

NICKEL SUBSTRATE. MAC. b O X

SCRATCH IN
-- - 

~~~ COATING

~~~~~

‘~
•‘i’- - a j . I’ .L 

-

FIGURE 16 . SURFACE OF S/N 51 CATHODE AFTER SCRATC H TEST . NOTE GOOD

ADHERANCE AND ABSENCE OF CRACKING OR FLAKING . MAG. 50X
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(B)
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FIGURE 17 . CATHODES (A) S/N 42A AND (B) S/N 51 AFTER SAMPLE HAD BEEN
TAKE N FOR X-RAY DIFFRACTION AND SPECTROGRAPHIC ANALYSIS.

NOTE: COATING ON (A) HAS CURLED lIP FROM THE NICKEL SUB-

STRATE AND HAS FRACTURED EDGES INDICATING A HIGHLY SINTERED

AND BRITTLE CONDITION . COATING (B) ILLUSTRATES PASTY , GOOD
-S

ADHERANC E CONDITION . MAC . 50X
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FIGURE 18 . VIEW OF CATHODE , S/N 42A , ILLUSTRATING THE EXTENT THA T

THE SINTERED COATING HAD LIFTER FROM THE NICKEL BASE OF
THE CATHODE DURING THE SAMPLING PROCESS .

t
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(A)

(B)

FIGURE 19 , CATHODE S (A) , S/N 42A AND (B), S/N 51 , AFTER OXIDE COATING

HAD BEEN REMOVE D . DISCOLORED REGION ON (A) IS FROM THE

VAPOR DEPOSITED ALUMINUM APPLIED TO THE SURFACE FOR CONDUCTIVITY

REQUIRED FOR MICROPROBE ANALYSIS JUST PRIOR TO LOSS OF THE

COATING . SCRATCH MARKS ON (B) ARE FROM SCRAPING OFF THE

ADHERENT OXIDE COATING. MAC. 50X.
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I TABLE I

X-RAY DIFFRACTION ANALYSIS

OF

CATHODE OXII ) E COATINGS

COMPOUNDS S / N  42A S/N 51
DETECTED COATING COATIN G

Ba CO
3 

X X

Sr CO~ X X

Sr (OH)., X X

I Ba (OH).~ 
X ND~

Ba O ND~ X

* ND - NOT DETECTED

I

I

I

I 
• -

I



TABLE II

EMISSION SPECTROGRAPHIC ANALYSIS

OF

CATHODE OXIDE COATINGS

ELEMENTS PERCENT IN S/N 42A PERCENT IN S /N 51
COATING* COATING*

Si 23.0 20.0

Fe 0 . 7  NO

Eu 5 . 3  0.037

Al NO 2 7 . 0

Ca 6 .4  0 .92

Mg 4 .0 0 .69
&

Mn NO 0 .17

Sn NO 2 . 2

Ag NO 0 .27

Sr 12 .0 0.23

1
* WEIGHT PERCENT IS BASED ON OXIDE PLUS CELLULOSE NITRATE

BINDER . BECAUSE OF THE SMALL SAMPLE SIZE , THE S / N  42A

DATA HAS ONLY A 5O~/, LIMIT OF DETECTION SENSITIVITY

COMPARED TO 5T. FOR S/N 51.

I
I ,
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- TABLE I I I

ELECTRON BEAM MICROPROBE ANALYSIS

OF

NICKEL SURFACE UNDER CATHODE OXIDE COATING

T 
ELEMENT PERCENT FOR S/N 42A PERCENT FOR S/N 51

CATHODE CATHODE

Tungsten 1.3 0.7

- Zirconium 0.1 0.1

Silicon 0.2 0.3

Copper 0.0 0.0

I

I 
• 
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TABLE IV

EMISSION SPECTROGRAPHIC ANALYSIS

OF -

NICKEL ALLOY BASE OF CATHODES

ELEMENT PERCENT IN S / N  42A PERCENT IN S/N 51 .

2.8 2.3

Zr 0.11 0 .07 5

Mn 0.031 0.018

Fe 0.062 0.035

Mg 0 .012 0.0058

S i 0 .040 0 .022 -•

Al 0.023 0.012

Cu 0.0074 0.0056

Co 0.051 0.047

Ni Balance Balance

Others Nil Nil

‘36-
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LIFE TEST PLAN FOR

777 TRA VELING -WAVE TUBE AMPLIFIER S

1.0 SCOPE

1.1 Genera l

This life test plan establishes the requirements for the life teSt
of the Traveling-wave Tube Amp lifiers.

2 .0 APPLIC&BLE DOCUMENTS

2.1 The following documents, of the latest issue in effec t , unless other-
wise specified , form a part of this test plan to the extent  specified
herein:

Specification

TRW

0 777-778 Statement of Work, Low Level Traveling-wave
Tube Amp lifier, Project 777.

EC-EQ4-663 Detailed Specification , Low Level Traveling-wave
Tube Amplifier (LL TWTA) for Project 777.

PAR 700-45-D-2 Subcontractor Product Integrity Requirements,
Project 777.

777-Sl-2831 Life Test Negotiations (amends 777-778).
7O-2376-RV-616

777-G31-8Q~ Statemen t of Work, Traveling-wave Tube Amplifier
Life Test 1~xtension , Program 777, 3 July 1973

HUG}t~~ /EDD

B200300-121 TW~ & Assemb ly , Model 120011-1
B200300— 122 TWEA4 Assembly, Model 120011-2
B2 00429-100 Life Tes t Assembly
ATPB2 00300—400 Acceptance Test Procedure TWTh ,

Low Level

— 
SIZE CODE IDENT NO
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3.0 REQUIR~~ENTS

3.1 Purpos e

The life test described herein is for  the purpose of determining the
conformance of the TWIA to life test requirements in accordance with

C 777—778.

3.2 Items Tested

The life teats described herein are to be conducted on six law level
1’WTA ’s, three each of two frequency bands. The assigned identification
for the units are:

Descrip tion Part No . ~~~ Frequency Band

LL Life Test Unit 8200300-121 12—1 K
LL Life Test Unit 3200300—121 12-2 K
LL Life Tea t Unit 8200300—121 12-3 K
LL Life Tea t Unit 3200300-122 22—1 L
LL Life Teat Unit B200300-l22 22-2 L
LL Life Test Unit B200300-122 22-3 L

3.3 Teat Equipment

3.3.1 Life Tea t Set

The TW’LA life test shall consist of special test equipmen t - 
4.’

and commercial equipmen t as defined in Hughes/EDD Drawing
8200429, Life Test Assemb ly.

34 Genera l Requirements

3.4.1 Tea t Environment
1~

The test environment will be nomina l operating laboratory
conditions .

3.4.1.1 Room Tempera ture

The TWTA shall be exposed ~o an ambient
room tempera ture of 75 

± 5 F.

3.4.1.2 Cold Plate Temperature

The TWIA cold pla~e temperature shall be main-
r ta m ed a t 90 ± 15 F. Preconvection , forced air,

or water cooling will be used to maintain the
cold pla te temperature .

— I SJZE CODE IDENT NO
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3.4.1.3 Re lative Humidity

The relative humidi ty wi ll  be 907. or less.

3.4.1.4 Barometric Pressure

The ba rometric pressure will  be the prevailing
laboratory pressure.

3.4.2 Performance

During the life test, the functional operation and performance
of the TWTA wil l  be recorded . If the value of any measured
parameter is not within tolerance, a test di’screpancy shall be
recorded and an appropriate failure classification and resulting
failure action shall be determined in aj~cordance with 3.6. The
test discrepancy shall be recorded on the form shown in Figure 7.

3.4.2.1 Monthly Performance Measurements

Once every month the TWTP~’s will be subjected to the
following performance tests and shall meet the
appropriate requirements of EC-EQ4-663 (see paragraphs
4 , 2 and 4 .3) .

a. All telemetry parameters
b . Small signal gain
c. RF power output at saturation
d. TWT attenuator insertion loss
e. TWT attenuator input and output dc resistance

9 *3.4.2.2 Bench Functional Tes ts

Each TWTA will be tested per paragraph 4.0 of the
Acceptance Test Procedure 1~Th , Low Level , ATP
B200300-400. Each WTA wi l l  undergo bench func t iona l
tea t a t  20,000 

± 
500 hours and at termination of i ts

extended life test. (See paragraph 4.4)

3.4.2.3 Cathode Activj~y Tests

Cathode activity teSts shall be run the first month of
high v6.ltage operation , at the end of each three month
interval , and the last month of the life test. The
measurements shall be made in July and October 1973 and
January , April and July 1974.

3.4.3 Assemb ly Calibration

3.4.3. 1 Life Tes t Set

Al l  critica l measuremen t equipmen t shall  have been
calibrated . The Hughes/EDD system of calibration
for tea t and measuremen t equipment comp li es with
the requirements of MIL-C-45662A .

S I Z E  CODE IDENTNO
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I
3.5 Completion of Life Test

The extended l ife teat for each TWTA will be terminated 31 July 1974.

f 3.6 Failures

3.6.1 Test Discrepancies

At any time during the life testing of the 1W LA ’a tha t a dia-
crepancy is noted , the tes t shall be stopped on tha t unit and

$ the responsible Reliability Projec t Engineer is to be notified.
At this time additional testing may be performed to ascertain
the nature of the discrepancy and establish the necessary
actions to be taken .

3.6.2 Failure Definition

Failure is defined as the inability of the TWIA to meet the
performance requirements of tea ts specified in paragra ph 3.4.2.

3.6.3 Failure Action

In the eveit of the TWTA malfunction , that unit will be removed
from the life tes t station and a malfunction notification will
be submitted by NX to TRW within 48 hours of the occurrence.
Life testing will be continued on the remaining units . Failure
anal ysis will be performed to determine the cause of the failure ;
however, permission to perform the tear-dawn which would be

4 required for failure ana lysis will be obtained from TRW. A 4-
failure ana lysis repor t will be issued within seven days after
the failure cause has been determined . Repair action , disposition
and additiona l testing of the failed WTA are not within the
scope of thi s life test.

3.7 Test Records

Test results of the life testing of the TWTA shall be recorded and
maintained consistent with the requirements specified herein.

3.7.1 Test Log

The tes t data resulting from the life tes ts shall be recorded
on reproducible copies of tes t da ta sheets . All entries made
during the life tes t mus t be in ink. Deletions and/or cor-
rections to the da ta sheets shall be made by ruling out the
appropriate portions of the test data and inserting the
corrections . Ru led out data mus t remain legible and be signed
and dated by the person making the correction. Comp leted data

T 
sheets shall be signed by the Reliability Project Engineer.

SI Z E CODE IDENT NO
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3.7.2 Variation

Any variation from these procedure shall be recorded in detail
on the variations page of the tes t log . The form shown in
Figure 8 shall be used as the variations page.

3. ‘.3 Test Reports

Summary s t a tus  reports shall be submi t t ed  q u a r i e r ly as p ar t  of
quarterly life test review. A final life t~” t  repo r t
wil l  be submitted to TRW within 45 days after comp let ion of
the li fe test .

3.7.4 Data Review

Quarterly review meetings wil l  be held between TRW and 1-LAC

to discuss l i fe  teBt s ta tus , performance and data trends .

3.8 Plug Savers

Plug savers shall be used on the RF connectors and power connector
at  a l l  times during l i f e  tes t ing of the TWTA , except where cr i t ical
tes t measurements are af fec ted . (Does not app ly to cathode activi ty
connectors.)

3.9 Frequency Des ignations

The frequencies of test , relative to band limi ts , are designated
9 as follows :

3 .9.1 K—b and (—1 )

f 3 Low End Usefu l Band 7127 MHz
Low End Operat ing Band 7250 MHz

f 0 
Center Operating Band 7350 MHz

f 2 High End Operat ing Band 7450 MHz
f 4 High End Useful  Band 7 500 MHz

3.9 .2 L-Band (-2)

f 3 Low End Usefu l  Band 7305 MHz
f 1 Low End Operating Band 7490 MHz
f 0 Center Operating Band 762 0 MHz
f 2 High End Operating Band 7750 MHz
f 4 High End Useful  Band 7860 MHz

_______________________ T S z t  C 3()-~ DIN ’ ~~~~~~~~
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4,0 TEST PROCEDURE

• 4.1 Tea t Setup for Extended Life Tea

Th. teat letup shall be maintain
completion of the f irst  phase of

4.1.1 Connect the 1W~~ as outi
shown in B2 00429-800.

4.1.2 Apply inpu t voltage (28
start switch.

S

4.1.3 Apply nomina l RP inpu t ci

4.1.4 Apply the conmiand signa l
on and RP output power si
outputs .

4.1.5 Remove the cotnma nd signa

4.1.6 Remove the power meter ,
D.V.M. Connec t the IWEA

4.1.7 Repea t steps 4.1.1 throu~
on the test console.r 4.2 Telemetry Measurements - Monthly

Jr. Once every month , measure the te
below; and record the data on th

Telemetry Outpu t

Heater Voltage Telemetry Voltage
Cathode Current telemetry Voltag
Ca thod e Voltage Telemetry Voltag
Helix Current Telemetry Voltage
Inpu t Curren t Telemetry Voltage

* Per Calibration Curves from 1

In addition to recording the tel
test , input voltage and the ela pi

4.3 RI Measurew~nts - Monthly

Once every month , perform the fo~recording the test results , the
time for each uni t  mus t also be
in Figure 5 shall be used for da

F
— 

SIZE
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[ DATE OF ISSUE



4.3.1 Small Signa l Gain

4.3.1.1 Connec t the ‘IWTA as outlined in Figures 1 and 2.
Set the sweep oscillator to f . Insert a 10 dB
attenuator in the RF input le~.

4.3.1.2 App ly nominal input voltage and command signal to
the TWIA. Adjust the RF inpu t drive level to
produce a power output at least 10 dB below satura-
tion . Using the input and output power calculate
the gain at f • Gain shall be in the range of 35
dB to 39.5 dB~ Record.

4.3.1.3 Vary the frequency over the band f1 to f4 
and adjus t

the gain of the X-Y recorder to obtain a scale which
will contain the small signal gain versus frequency
curve . Plot calibration lines at .2 dB intervals.

4.3.1.4 Plot small signal gain versus frequency over the band
of f

3 
to f

4 
indicating the f

1
, f

2
, f

3 
and f

4 
points .

4.3.1.5 Repea t paragraph 4.3.1.1 through 4.3.1.4 at an input
voltage of 23 ± .5 Vdc and 33 ± .5 Vdc . Attach
graphs to data sheet.

4.3.2 Saturated Power Outpu t

4.3.2.1 Connect the TWTA as outlined in Figures 1 and 2.
Apply nomina l DC input voltage (28 ± 0.5 Vdc) and
command signal (5 ± 0.25 Vdc) to the TWTA . 4

4.3.2.2 Set the sweep oscillator at f and adjust the RF
input power level for saturated power out.

4.3.2.3 Record telemetry voltages.

4.3.2.4 Vary frequency over the band f1 
to f9. Ad just the

gain of X-Y recorder to obtain a scale which will
contain the saturated power outpu t versus frequency.

4.3.2.5 Plot calibration lines on the graph paper at 0.2 dB
intervals beginning at 27 dBni . indicating the
and f

2 
poin ts.

4.3.2.6 Plot saturated power output versus irequency over
the band . The minimum power outpu t at saturation
shall be 27 dBm over the range of f1 

to f2. A ttach
gra ph to data sheet. Check.

4.3.3 IWT Attenuator Insertion Loss

4.3.3.1 Connec t the TWTtt as outlined in Figure 3A.

4.3.3. 2 A d j u s t  the two waveguide a t t enua to r s  each to I dB.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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I
4.3.3,3 Set the generator to f and adjust the RI input power

level unt i l  the Networ~ Analyzer Reference Qiannel
Level Meter is approximately mid-scale. Zero the
amplitude meter using the test channel gain and amplitude
zero controls .

4,3.3.4 Adjust  the two waveguide attenuators each to their
maximum setting .

4.3,3.5 Replace the unit under test (out) by a direct
shorting coupler .

4.3.3.6 Adjust the waveguide attenuators until the network
Ana lyzer Amplitude Meter reading is zero . Note:
Do not readjust any other controls .

4.3.3.7 Subtract 2 dB from the sum of the two waveguide
attenuators and record the difference.

I

4.3.4 TWT Attenua tor DC Resistance

4.3.4.1 Connec t the resistance bridge (Equipment List
I tem 26) leads together after warm-up and read
the shorted lead resistance. Record this value.

4.3.4. 2 Connec t the resistance bridge leads between the
TWVk input RI connector center pin and case. Measure
the resistance and record RAj  minus the lead resistance
recorded in 4.3.4.1.

• 4.3.4.3 Connect the Resistance Bridge leads between t1~ TWIA
output RI connector center pin and case. Measure the
resistance and record RA minus the lead resistance
recorded in 4.3.4.1. °

4 .4 Bench Functional Tests

Test each 1WM per paragraph 4.0 of the Acceptance Test Procedure,
ATP B200300-400. Bench tests shall be performed after  20 ,000 ± 500
extended hours of operation and upon completion of life test.

4.5 Cathode Activity Tes ts - Three month intervals

T Cathode activity tests shall be run at the time indicated in
paragra ph 3.4.2.3. In addition to recording the tes t results , the
date of the tes t and the elapsed time for each uni t  mus t be recorded .
Th. data sheets shown in Figure 6 shall be used for recording this
data.

—

~
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4.5.1 Cathode Ac t ivity

4.5.1.1 Connect the TWTA as outlined in Figure 1.
Apply nomina l voltage (28 ± 0.5 Vdc) and the
command signa l (5 ± 0.25 Vdc). Allow at
least three minutes for s tabilization .

4.5.1.2 Remove heater voltage. Plot cathode and helix
current versus time using the telemetry outputs .

4.5.1.3 Using the graph of cathode current versus time,
draw two lines , one tangent to the operating
point, the other tangent to the slope. The
point of intersection of these two lines shall
be greater than six (6) seconds. (See Figure 5).
Check. Attach curve to da ta sheets .

H
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S

U TEST MEASUR EME NT S BLOC K DIACR M~S

LIST OF EQUIPM ENT

EQuipment . Make (or Epuiv.) Model (or Equiv.)

1. Sweep Oscillator H-P RI Unit
ROl-8694B
Series 8690

2~. X-Y Recorder }1P 7035B

3. Frequency Me te r H-P 537A

.~.. 20 db Directiona l Coup ler Narda 3045C-20

5. Crystal Detector Alfred 1001

6. PIN Modulator H-P 8734A
7. Invertor and Leveler Amplifier HAC

8. 10 db Attenuator Narda 774-10
0

0 

9. Dual Directiona l Coup ler Na r da 3024

10. Crysta l Alfred 1001 Opti

1’ 11. Ratio Meter H-P 416B

12. Short (female) Narda

13. Powe r Meter H-P 432A

14. Thermistor Mount H-P 478A

15. 6 db Attenuator Narda 757C-6

16. Low Pass Filter Microlab 1A-80N

17. 10 db Directional Coupler Narda 3034B-10

18. 20 db Attenuator Nar da 777C -20
19. DC Power Supply Lamda LK343FM

20. Control Box HAC
21. Digital Voltmete r Fairchi ld  7000 01’T l
22. Oscilloscope Tektronix 531A
23. Current Probe TektronIx P6042

24. Dua l X-Y Recorder H-I’ 136A

f . 
— — Isiz~ CODE WENT I~o1 - — -

~ UG~ S FLECT11OtJ flVIJA t~ ICS nsvisioti 4 j 73293 j~ .TI1 P 2 O0~~)0-4O0
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LIST OF EQUIPMENT (CONTINUED)

Equipment Make (or Equiv.) Model (or Equiv.,)

25. Resistance Bridge Fluke 853A 0

26. Microwave Amplif ier  H-P 493A

27. RI Generator Polarad 1207

28. Converter H-P 8411

29. Network Analyzer H-P 841QA

30. Network Ana lyzer Plug-in Unit H-P 84l3A

31. Adapter, Waveguide to Coax H-P 281A

32. Waveguide Attenuator H-P H382A

33. 30 dB attenuator Narda 777C-30

34. Cable Set HAC/EDD 0-1-2-3-4 RG 214/U

-0

• 0
I

— 
ISIZE CODE IDENT NO
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FIGURE S
(SHEET 1 OF 1#~)

HUGHES I ELECTRON DYNAMICS DIVISION DATA SHEET NO DSB200300-400

, , .~~~ 3 1 0 0  W. L O U / T A  BL V D .  T O R R A N C E .  C A L / P O R N / A  9 0 5 0 9  PRODUCT TWTA
B200300-12 1

MODEL B’OO300 “i

ACCEPTANCE TEST DATA SHEET PART NO. _ _ _ _ _ _ _ _ _ _ _

CODE IDENT . 73293
TEST NAME Low Level L i fe  Te4tSPEc. No. ~~~fTEST P05. NO. SERIA l .  NO.

Plan and Procedure LTP 8200300-400
REV. AUTHORITY DATE APPROVAL REV. AUTHORITY DATE APPROVAL REV. AUTHORITY DATE APPROVAL

A L
QUALITY DATE OF ISSUE EFFECT IVITY

J. J. Haupt 29 Sept . 1970 
— ______ 

PAGE OF
SPEC. TESTITEM 

PAR. NO. DESIGNATION TEST CONDITION / DESCRIPTION R/C MIN. DATA MAX. UNITS

Model No. 
—

Band of Operation 
________________

4.2 & Monthly Measure following parameters :
4.3 Measurement i

Nomina l input voltage P
o(sat)

Freq . f
0

Inpu t Current

Teleme try Voltage

Cathode Current

Telemetry Vol tage

Healer Vo l tage

Telemetry Vo l tage

Helix Curren t -

~~

Telemetry Vol tage

Cathode Voltage

Telemetry Voltage

Nomina l  i n p u t  voltage Freq
p
o(sat)

G
OS

I n s e r tion  Loss , IL

A t t e n u a t or R e s i s t an c e

Meter  Leads,  
___________

I n p u t  Res i s tance .  RAi
O u t p u t  Res i s t ance  RAQ

I

I
SHEET 18 ‘~~

tOD- 5 04$.273

0 
-- -

~~~~ 
- - - - -  - ~ 0 0 - - - — -. - ~ — - - - 
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FIGURE 5
(SHEET 2 OF 16)

HUGHES~ ELECTRON DYNAMICS DIVISION ~~TA SHEET NO. _ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~~~ 3100 W. LONITA aLvo . TO.~ R A N C E ,  C A L I P O s ~ NIA 9 0 5 0 0  PROOUCT

ACCEPTANCE TEST DATA SHEET ~~~ _ _ _ _ _ _ _ _ _ _ _ _

coot IDENT. 73293
TEST NAME SPEC. No. TEST POS. NO. SERIAL NO.

REV. AUTHORITY DATE J APPROVAl. J REV. AUTHORITY DATE APPROVAL J REV. AUTHORITY DATE APPROVAL

QUA$J,Y DATE OP ISSUE EFFECTIVITY

PAGE 01

Il 
PAS NO DESIGNATION TEST CONDITION I DESCRIPTION ~~~ MIN. DATA MAX . UNITS

Data covering life test duration
recorded on attached pages.

• Calculate and record the total
accumu lated life test hours at the
time each measurement is made .

0 Plot P versus freq. and G
versus0~~L~ as specified in
procedure.

1~

SHEET 19 CW 17
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1.0 IN’IRODUCTlON

1.1 Scope

The purpose of this document is to delineate the individua l
acceptance tests to be performed on each traveling wave tube
amplifier (TWTA) to demonstrate compliance with TRW specifica-
tion EC-EQ4-663.

Acceptance tests shall be conducted at Hughes Aircraft Company or
other test facilities as specifically approved by TRW . Prior to
the start of acceptance test the cognizant  r ep re sen t a t i ve  of EDD
Quality Assurance department, the cognizant TRW represen ta tive and
the cognizant Government representative shall be notified and may
be present.

1.2 Test Requirements

Engineering models shall be tested in accordance with Part I of
this document. Flight and life models shall be tested in accord-
ance with Part II of this document.

2.0 SPECIFICATIONS

2.1 Applicable Specifications

-
~~~~ 

The following specifications fo rm a part of th i s  document to the
extent specified herein .

TRW Systems Group
EC-EQ4—6633 Detail Specification for Low Leve l

Traveling Wave Tube Amplifier

8V2-23B Environmental Specification for
Electrical and Mechanical Equipment
for Project  777

Drawings , HAC-EDD

B200300-500 Insta l la t ion and Cont ro l  Drawing
Low Level Traveling Wave Tube
A m p l i f i e r

8200300-lOX Low Level Traveling Wave Tube
B200300-11X Amplifier  Assemb ly
B200300-l2X

HAC-EDD Documents

CMP-777 Configuration Management Plan

1
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3.0 ~

3.1 Z E.!z
Any failure experienced during acceptance test (except a test
equipment failure) shall require a malfunction report. Form
EDD 1146 . Performance degradation dur ing, or as a result of ,
tests or environmental exposures will not necessarily constitute
a failure . However, any perf ormance degradation beyond the
limits specified herein will constitute a failure .

3.2 Customer Test Data Sheets

The results of acceptance tests shall be recorded on customer
test data sheets which are controlled by this procedure and
revisions hereto.

All entries made during acceptance testing must be in ink .
Deletions and/or corrections to the data sheets shall be made by
ruling out the appropriate portions of the test data and insert-
ing the corrections. Ruled—out data must remain legible and be
signed and dated by the person making the correction.

Completed data sheets shall be signed or stamped by the cognizant
EDD Quality Assurance representative.

-, 312.1 Preparation of Da ta

One copy of the following data will be submitted with
each delivered TWTA and shall become part of the
Twr.A lag Book .

A. TWL& Acceptance Test Data (Customer Test Data Sheets)
$ B. TWT Acceptance Test Data (Customer Test Data Sheet8)

C. Power Supply Acceptance Test Data (Customer Test

I Data Sheets) including telemetry calibration curves

D. Operating Time Log

I E. Malfunction Reports

F. “As Delivered Parts List” per CMP-777

I 3.3 Calibra tion

The Hughes EDD system of calibration for test and measurement
equipment complies with the requirements of NIL-C-45662A .

I
I —
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1~~~~~

3.4 Part Numbering and Frequency Designation

TWTA part numbers are as follows :

Engr. Models Life and Qual. Models Flight Models

B200300-l0l —121 -121
B200300-lO2 -122 -122

The operating frequency range shall be designated by ti-te last numeral
(1 for “K” band and 2 for “L” band) of the part dash number. Fre-
quencies of tes t, rela tive to band limits, are designated as follows:

f3 
Low End Useful Band

f1 Low End Operating Band

Center Operating Band 
*

High End Op.rating Band

f
4 High End Useful Band

3.5 Sta ndard Test Conditions
Amb ient test conditions for conducting TWTA performance tests prior
to or a f t e r environmental exposures shall be as indicated below
unless otherwise specif ied .

A.  Tempera ture , 50°F to 95°F
B. Rela t ive  H u m i d i t y ,  907. RH or less

4 C~ Ba r ometric Pressure , Prevailing Laborato ry Pressure 
*

3.6 Environmental Test Tolerances

A Vibra t ion  Ampl i tude  (grrn s)  ± 101/.

B.  Vibration Frequency ± 27,

C. Random Vibrat ion RMS g level ± 107.

Power Spectral Density (using
fil ters with a 50 cpa bandwidth
or less) ± 3d b

D. P r e s su re -A l t i t ude  ± 57. ~ 200,000 ft .

—Vac uum Equa l to Ir l ess  than  the
spec i f i ed  v a l u e

E. Temperature ~ 5°F

F. Test Time Duration ± 107.

3.6.1 Vacuum Measurements
Vacuum measurements shall be made using an instrument which
is conductively connected to the same vacuum environment as j
the test unit.

I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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I
3.7 Test Sequence

f The order of test paragraphs as listed d.~a not- represent the required
isquence of tests. Functional and environmental teats may be performed
in any sequence. To - facilitate testing, steps from ~ne Functional Test

I paragraph may be performed in conjunction with steps fron any other
I Functional Test paragraph at the eption of Hughes EDD.

3.8 Vibration Fixture

The test f ixture shall be designed to support the TWtA at its

I normal moun t ing points. Transmissibility between test item
1 mounting points shall not exceed a factor of ± 3 db between 5

and 500 Hz; between 500 and 2000 Hz a factor of ± 6 db is
allowed prov ided the total cumu lative bandwidth which exceeds

1 ±3db does not exceed 300 Hz. Cross-talk shall not exceed the
input by greater than 3 db. A fixture evaluation will be per-
formed in accordance with Paragraph 3.8.1.

• 3.8.1 Fixture Evaluation

The transmissibility and cross—talk of the test fixture
- shall be determined by sweeping a sinusoidal signal

through the frequency range of 5 to 2000 Hz at a rate of
2 octaves/minute. The test amplitude shall be one g peak

1 in each of the three (3) mutually perpendicular areas.
The low—frequency input shall be limited to 0.5 inches
double amplitude. This evaluation shall be performed once
and results shall be on file at Hughes EDD.

3.9 Rejection and Retest

If a failure, malfunction, or out-of-tolerance performance
degradation occurs during or after a test, as appropriate, the
tests shall be discontinued, the deficiency (including any
defect) corrected, and the pertinent test procedure repeated
until completed successfully. If the corrective action sub-
stantially affects the significance of results of previously
completed tests, such tests shall also be repeated .

3.10 Plug Savers

- Plug savers shall be used on the RF connectors and power connector
at all times during handling of the TWTA, except where critical
teat measurements are affected - (Does Not Apply To Cathode Activity Connectori ~~.

3.11 Burn-In
Prior to the start of acceptance test each TWTA shall have
accunulated 1500 hours burn-m t Burn-in shall be performed at a

— SI ZE COOEIDENT P4O
ELEC TRON DYNAMICS DIVISION 4 73293 ATfl200300-1.OO

2 September 1970
DATE OF ISSUE 

-~~~ IREV H - JSHEET 5 O F .~~
EDD-,047C/EDD/8-67 REV

-I-—- - — - ~~~~~ 1 - - — ~~~~~~~—



3.11 Burn-In (Cont’d)

constant elevated temperature of 125 -4- 15°F with nomina l volthges appliad.
Engineering, life test, and first three f l ight  models (one —121 and two
-122) shall have accumulated burn-in time in accordance with the f o l l o w in g
schedule :
Engr. Models
Traveling Wave Tube 

- ~~~~~~~ bra
Power Supply - 16~ bra

Life Test
Traveling Wave Tube (TWT) - 500 bra
Power Supply - 168 hrs
Traveling Wave Tube Amplifier (TWIA) No Requirement

First Three Plight Models
Traveling Wave Tube (TWT) - 500 hrs

- Power Supply - 168 bra
*Traveling Wave Tube Amplifier (TWTA ) - 100 bra

*Note All op.rating time during Qualification and/or acceptance testing
shall apply toward the TWTA Burn-In time requirements.

3.12 Preparation for Dslivery
Units shall be packaged, packed and mailed for shipment as specified herein.

3.12.1 Connectors

Plug savers shall be employed to protect all connectors until the
unit is delivered to TRW and is delivered “In Place” with the
equipment.

4 
3.12.2 Mounting Pads 

*
The machined surfaces and mounting holes shall be protected.

3.12.3 Unit Packaging

The unit shall be bagged and sealed in a polyethylene bag. Ti
thickness of the polyethylene bag shall be at least 0.003 inche~~.,

3.12.4 Cushion Material

The unit shall be cushioned by using polystyrene foam or equivale~ t
mater ial.

3.12.5 Marking

The shipping container shall be durably and legibly marked to
provide the following information.

A. Item Name *

B. Manufacturer
C. Manufacturer ’s Serial Number
D. TRW ?urchase Order Number
E. Date of Manufacture
F. “Project 777 Spacecraft !.~~terial - Handle With Care” j
C. Part Number

* 
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3.11 3urn-I~ (Coa’d) - - - -

3.12.6 Docu.emtation -- - - - - - - - . . -

One copy of teat  data in accordince with Paragra ph 3.2.1
shall be shipped with each unit.

- 

. 
- ACCEPTA.NCE TEST - PART I (ENGI1SERING 1~EDEL)

4 0  FUNCT IONA L T~~T

The cathode activity test of Paragra ph 4.1 shall be performed during the
Final P~~ictiona 1 Tes ts of Para graph 11.0.

Nominal DC input voltage as referenced herein is defined as 28 ± .5 Vdc.

The co~~~nd signal is defined as 5 ± 0.25 Vdc . The absence of a cos~~and
signa l is defined as ~ ± .25 Vdc.

4.1 Ca thode Activ ity

Step 1: Connect the TWTA as outlined in Figure 1. Apply nomina l
v.ltage and the command signa l. Allow a t least three
minutes for stabilization.

Step 2: Remove heater voltage. Plot cathode and helix current
versus time us ing the telemetry outputs .

Step 3: Using the graph of cathode curren t versus time, draw two lines , one
tangent to the ~s1ope cf the portion prior to the knee and one tangent
to the slope of the portion af ter  the knee. The point of intersection fof these two lines shall be greater th*n six (6) seconds .
(See Figure 18). Check . Attach curve to da ta sheets.

4.2 Co’.eand Signa l

Step 1: Connect the TWTA as outlined in Figures 1 and 2 . Adju st
input voltage to 23 ± .5 Vdc. Apply nominal RI input drive.

Step 2: Apply comesnd signal. The unit shall turn on and RI power
shall be present. Check

Step 3: R~~~ve comeand signa l. Unit shall turn off. Readjus t
input voltage to 

~~~~ 
.5 Vdc and app ly comeand signal.

The unit shall turn on and RI power outpu t shall be
present. Check.

Step 4: Remove co~~and signa l. Unit shall turn off .

I
I
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4.3 Inrush Current Characteristics

Step 1:’ Connect the TWIA as out l ined in Figures l and 2. Ins ta l l
a 0 .1 to 0 .2  oha resistor in the TWTA poai$ive (+) inpu t and
ad jus t  the input  voltage to 33 ± .5 Vdc .

Step 2: Apply the command signal. Monitor the inrush current with an
oscilloscope and photograph inrush current waveform .

Step 3: The inrush cu r r en t  charac ter i s t ics  shall conform to the
following criteria ; calculate from the photograph of
Step 2:

(a) The time integra l of current in excess of the steady-
state current (1ss) shall not exceed 0.0037 ampere-
seconds in any 3 mi l l i seconds  time period Record.

(b) Current shall not exceed ~~~ + 1.8 amps a t  any t ime .
Recard.

(c) The current shall remain within ± 37. of ~ ss any t ime
a f t e r  150 second s from turn on.  Check.

Step 4: Repeat Step 2 as required to determine the inrush
characteristics. *

9 4 .4  Input and Output Reflection Coefficient

Connect the TWIA as outlined in Figures 1 and 2 except connect
the dua l d i rec t iona l coup ler to a short instead of the TWIA RF
i n p u t .

Step 1: Set the sweep osc i l l a tor  to the f 0 frequency p o s i t i o n
(ver ify with a frequency meter).

Step 2: Place the match graph on X—Y plotter and set the ratio
meter range switch to l00~~.

Step 3 : Adjus t  the reference control to ob ta in a read ing  of 10(i
on the percent reflection scale . Adjust the X-Y plotter
gain to the 1007. line on the match graph and mark the
f 0 point .

Step 4: DIsconnect the ref lec ted  input to the ratio meter and
ad just the zero percent line on the graph.

Step 5: Reconnect the reflected input to the ratio meter and
readjust the reference of Step 3, if necessary.

— 
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4.4 Input and Output Reflection Coefficient (Cont ’d)

Step 6: Sweep the frequency from f3 to f4 and plot the
curve.

Step 7: Ver ify that the f0 point falls on the 100% line of the
match graph as outlined in Steps 1 through 3. Repeat
Steps 1 through 5, if necessary.

Step 8: Remove the short and connect the lvii RI output to the
dual. directional coupler, apply noi~~na1 input voltage
and the coemand signal. With range switch set to 30% and
using a new match graph data sheet, plot the curve of the
RI output reflection over the frequency range of

to f4 and indicate f1 and f2 points.

* Step 9: From the data obtained in Step 8, record the maximum
TWT& output reflection in the range of f 1 to f 2 . Output
reflection shall be a maximum of 117.. (1.25:1) Convert
ref 1~ -~~ n coefficient to VSWR and record.

Step 10: Turn off command signal and repeat Step 8. This gives a
plot of the cold output reflection coefficient of the
TWTA. Record the maximum cold output reflection in the
range of f1 to f2. Cold output reflection shall be a
maximum of 117.. (1.25:1) Convert reflection coefficient
to VS%~. and record .

Step 11: Repeat Steps 1 through 7 on a new match graph.

Step 12: With the command signal off, repeat Steps 8 and 9 in the
input end of the TWT& connecting the dual directional
coupler to the TWM RI input. Cold input reflection

• coefficient shall be a maximum of 11%. (1.25:1) Convert
reflection coefficient to V~~~ and record .

— 
Step 13: Apply command signal and repeat Step 12; hot input

reflection coefficient shall be a maximum of 117.. (1.25:1)
Convert reflection coefficient to VS~~ and record .

Step 14: Attach graphs to data sheets.

4.5 Saturated Power Output

J Connect the TWTA as outlined in Figures 1 and 2. Apply nominal
DC input voltage and command signal to the TWTA.

Step 1: Set the sweep oscillator at f0 and adjust the RI input
power level for saturated power out .

Step 2: Record Telemetry Voltages.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4.5 Satu rated Power Output (Cont ’d)

Step 3: Vary frequency over the band f1 to f2. Adjust the gain of
X-Y recorder to obtain a scale which will contain t h e
sa tura ted power ou tpu t  versus f requency.

Step 4: Plot ca l ibra t ion  lines on the graph paper at 0.2 db inter-
vals beginning at 27 dbm, indicating the fi  and f 2 p o i n t s .

Step 5: Plot sa tura ted power ou tpu t  versus frequency over the band .
The minimum power output at saturation shall he 27 dbm over
the range of f1 to f2. Attach graph to data sheet. Check.

4.6 Saturated Power Output and Input Power Versus Input Voltage

Step 1: Repeat Paragraph 4.5, (except Step 2) with the input voltage
adjusted to 2 3 ± .5 Vdc . Record DC input current .

Step 2: Calculate the DC input power and record.  The DC input
power shall not exceed 6.3 watts.

Step 3: Repeat Step 1 except adjust the input voltage to 33 ± .5 Vdc .

Step 4: Calculate the DC input power and record . The DC input
power shall not exceed 6 .4  w a t t s .  *

Step 5: Attach graphs to data sheets.

4 .7  Small Signa l Gain

Step 1: Connect the TWTA as ou t l ir e d in Figures 1 and 2 .  Set the
sweep oscil lator to f 0 . Insert  a 10 db a t tenuator  in the
RF input leg.

Step 2 : App ly nominal input voltage and command signal to the TWTA .
Adjust  the SF input drive level to produce a power o u t p u t
at least 10 db below saturation . Using the input and
output power calculate  the gain at  f 0 . Gai n shall be in
the range of 35 db to 39.5 db. Record .

Step 3: Vary the frequency over the band of f3 to f4 and ad ju s t
the gain of the X—Y recorder to obtain a scale which
wil l  contain the small signal gain versus f requency
curve.  Plot ca l ibra t ion lines at 0 . 2  db intervals .

Step 4: Plot small signa l gain versus frequency over the
band of f 3 to f4, indicating the f 1, ~2, f 3 and f4 p o i n t s .

Step 5: Repeat Steps I through 4 at an input voltage of 23 ± .5 Vdc
and 33 ± .5 Vdc . Attach graphs to data sheet.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4.7.1 Gain Slope

Step 1: Fr om the graphs of Paragraph 4.1 calculate the gain
slope over the band of fj to f2. Gain slope for
each graph shall not exceed 0.015 db/141z. Record
worst case gain slope.

Step 2: From the graphs of Paragraph 4.7 calculate the gain
slope over the band of f1 to f3 and f2 to £4. Gain
slope for each graph shall not exceed 0.030 db/)1i.
Record worst case gain slope.

4.7.2 Gain Flatness

Step 1: From the graphs of Paragraph 4.7 calculate the
gain variation over the range of fl to 

~~ 
The

gain var iation for each graph shall not exceed
±0.2 db. (See Figure A). Record worst case gain
variation.

Step 2: Prom the graphs of Paragraph 4.7, calculate the
gain variation over the range of f1 to £3 and
f2 to f4. Gain variation for each graph shall not
exceed the limits of Figure A. Check.

4.8 Noise Figure

Step 1: Connect the TWTA as outlinedin Figures 1 and 4. Apply
1 9 nominal input voltage and the command signa l to the TWTA .

Step 2: Set sweep oscillator to f0. Adjust noise generator
current to 175 ma.

Step 3: Ca libra te noise f i gure indicator for noise source used .

Step 4: Depress button marked “Auto ” and read noise figure .
Noise figure shall not exceed 25 db. Record .

I 4.9 Intermodulation Distortion

• Step 1: Connect the TWIA as outlined in Figures 1 and 5. Apply
I nominal input voltage and the command signal. AdjustI signal generator #1 to f~.

• Step 2: Adjust vaveguids attenUator #1 to 3 db. Using the spectr~~I analyzer , saturate the NTA using coax . attenuator #1. Do
I not distur b coax . attenuator #1 setting.

Step 3: Adjust waveguid. attenuator #1 to 23 db. Inser t signal
I generator #2 and adjust coax. attenuator #2 such that both

signal levels are equal on the spec tr um analy ser .
ltsp 4: Adjia t frequancy separation for 2 MHz. Check for equal

I signal levels. Adjust co ic. attenuator #2 if necessary.

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4.9 ~n~erinodulation Distortion (Con ’d)

Step 5: Re-adjus t input waveguide attenuator #1 to obtain 2
s ignal sa tu ra t ion  and re-adjust coax . attenuator #2 for
equal levels.

Step 6: Set waveguide attenuator #2 to 3 db. Adjus t frequency
of signal generator #3 1 MHz abov e f .

Step 7: Adjus t output leve l of signal generator #3 ( in jec ted
signal)  u n t i l  its level is equal to tha t of the 2
carriers .

Step 8: Check sa tura tion of the 2 carrier  s ignal level as fo l lows :

a) Increase drive to the TW TA by adjusting wavegu ide
attenuator #1 in 1 d b  s teps.

b) Adjus t waveguide a t t enua tor  #2 to match l eve l s .  N ote
direction of waveguide attenuator #2 reading .

c) If the read ing of waveguide attenuator qb2 decreases ,the
TW TA is not s a tu ra t ed .

If the reading of waveguide attenuator #2 increases . the
TWTA is over saturated.

d) Saturation occurs when waveguide attenuator #2 does not

9 
change for a given increase in input  dr ive  by wavegulde
attenuator #1.

e) It may be necessary to plot several points to determine
saturation.

Step 9: Increase attenuation of waveguide attenuator #2 setting by -~
6 db. Note th is  se t t ing .

Step 10: A d j u s t  waveguide a t tenuator  #1 u n t i l  the 2 car r ie r  power
ou tpu t  level is equal to the injected level .

Step 11: Increase IF gain of spectrum ana lyze r  u n t i l  the third
order IN products  are at a convenien t readab le  level .

Step 12: Adjus t waveguide attenuator #2 u n t i l  the in jec ted s ignal
level is the same as the third TM level. Note waveguide
a t t enua to r  #2 reading.

Step 13: Subtrac t reading in Step 9 f rom reading in Step 12.
Thi s level sha l l  be a minimum of 28 db. record .

I
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4.10 ~jme Delay Distortion (Test equipment per Figure 6)

Step 1: Check the test set up for proper operation as follows:

(a) Connect HF input and output arms together.

(b) Adjust test oscillator frequency to 1.388 MHz ± 10 KHz.

(c) Observe on an oscilloscope with adequate bandwidth
the wave form of Channel “B” of Vector Voltmeter.
Adjust bias battery if necessary for undistorted
sine wave.

(d) Set signa l generator to f * Adjust Channel “A” and
Channel “B” (on Vector Voltmeter) amplitude levels
so tha t the two signals are within 10 db of each other.

(d) Check to make sure signal level is great enough to
cause the Vector Voltmeter to phase lock.

Step 2: Adjiut vertical channel of recorder for 2 nanoseconds per inch
and adjust horizontal channel of recorder for a sweep range
of f3 to f4.

Step 3: Reconnect the input and output RF arms to the TWT& (Ref. Fig .6
Apply nominal input voltage and command signal.

• Step 4: Adjust input level such that the HF output power level
is in the linear region below saturation apd Vector
Voltmeter is phase locked.

Step 5: Sweep the TWTh from £3 to £4 and record change in time delayon the graph paper.

Step 6: The time delay over the range of f 1 to f 2 shall be a maximum
of 0.10 na/MHz at any 10 MHz interva l over the linear
portion of the curve and 0.01 ns/MHz2 over the parabolic
portion. Check. Attach graph to data sheets.

I
I

* 
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4.11 Phase Shift

Step I: Connect the TWTA as outlined in Figures 1 and 7. Appl y
nominal voltage and command signal to the TWIA.

Step 2: Adjust signal generator to f0.

Step 3: Adjust RF input for an RF output power of 23 dbin . 
F

Step 4: Adjust network analyzer to 00 phase shif t.

Step 5: Adjust X-Y recorder X axis for sw..p width and Y axis for a
convenient scale .

St ep 6: Plot graph from +23 dbm output power ot +14 dbm output power
by increasing input attenuation. The change of phase of the
output signa l as a f unction of the input drive level shall be
l.ss than 2.0 deg/db from +23 dbm to +21.75 dbm output power *

less than 1.5 deg/db from +21.75 dbm to +17 dbm output power
and less than 1.0 de$/db from +17 dbm to +14 dbm output power.
Record. Attach graphs to data sheets.

4.12 Stability (Mismatch)

Step 1: Connect the TWTA as outlined in Figures 1 and 8. Apply
nominal operating voltages. Set power meter to the
lowest range . Set spectrtln analyzer to a convient range.

Step 2: With the load connected to the TWIlL output and the short
and line stretcher to the input, vary the line stretcher.
There shall be no power output indicated other than
inherent noise .

Step 3: Repea t Step 2 with the short removed from- the line
st retcher .

Step 4: Repea t Steps 2 and 3 with the load, lin, stretcher and
short connected as in Figure 8. There sh a l l  be no power
output indicated other than inherent noise . Check .

4.13 ~p~urious Output (Coherent Components)

Step 1: Connect the TWIlL as outlined in Figures 1 end 9. Appl}
nominal voltage and comsand signal to the TWIlL.

Step 2: With Box 2 (Ref Figure 3) connected to the TWIlL output,
adjus t  the signal generator to f 0 and adjust the RF *

input drive to produce an 11 output power of 23 dbm.

Step 3: Remov, command signal. Disconnect Box 2 and connect the HF J
harmonic measuring arm; apply conmiand signal.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4.13 Spurious Output (Conherent Components) (Cont ’d)

Step 4: Note the harmonic output power. The harmonic output
power shall be a minimum of 13 db below the fundamental
output power noted in Step 2. Reoord .

4.13.1 Incoherent Componeats

Step 1: Connect the TWIII as outlined in Figures 3. and 10.
Apply nominal voltage and command signa l to the
TWrA .

Step 2: Set sweep oscillator to f0 and adjust HF input
drive level to produce an RI output power of
23 dbm.

Step 3: Turn off TWIlL and .—t e Box 2, connect p.r Figure 10.

Step 4: Turn on TWIlL and set spectrum analyzer input
power for 0 dbm .

Step 5: Set spectrum analyzer vertical display to log,
IF bandwidth to 10 RHa, spectrum width to 1 MHz
and input attenuator to 10 db.

Step 6: Using IF attenuator set input to spectrum
analyzer to the 0 db graticule.

Step 7: Tune spectrum analyzer through the frequency
range of 7.25 G}Iz to 8.4 GHz. There shall be no
non-harmonic component appearing above the -60 db
graticule . Check .

4.13.2 Spurious Output (AM)

Step 1: To calibrate equipment for AM measurement, set
up equipment as shown in Figure 11.

Step 2: Set signal generator frequency to and adjust
input to spectrum analyzer to 0 dbtn .

Step 3: Set spectrum analyzer IF bandwidth to 1 KHz,
spectrum width to 100 KHz/cin.

Step 4: Set signal generator to external amplitude
modulation .

f Step 5: Set audio oscillator frequency to appro~.imately
100 KHz and adjust modulation signal until level of
side bands is 30 db below the carrier level.
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4.13.2 Spurious Output (AM) (Cont ’d) *

Step 6: Increase audio-oscillator a t t enua t ion  b y 10 db.
Side band levels should drop 10 db on s p e c tr u m  

*

ana lyzer . Insert 10 db more attenuation . Side
band level should now be 50 db below carr ier
level.

Step 7: Disconnec t spectrum analyzer and connect H.P. 3lOA
wave analyzer .

Step 8: Tune wave analyzer to modula t ion signa l (approxi-
mately 100 KHz. )  Set mode switch to normal;
bandwidth at 1000 Hz; peak wave analyzer to
maximum meter reading. Note this reading (which
is the maximum allowable for de t e rmin ing  *

compliance).

Step 9: Disconnec t modulation input to s i gia l generator .
Turn inodulatton sw i tch  to C l .

Step 10: Conduc t spur ious search of signal generator from 1OOH~~ *

to 1.0 MHz. Note level and frequency of any
spurious detected .

Step 11: Set up equipment and connect TWTA as shown j~ -~

Figure 12. Appl y nominal input voltage and the
command signal.

-, II
Step 12: Saturate the TWIlL at f0. Adjust input to wave

ana lyzer to 0 dbm .

Step 13: Using H . P .  302A wave analyzer , conduct  spur ious
search of TWIlL output from 100Hz to 20 1Hz (mode
switch to normal) .

Step 14: Switch to H .P .  3lOA wave analyzer and conduct
spurious search from 20 KHz to 1.0 MHz . Thc ’re
shall be no spurious signa l which exceeds t he
level noted in Step 8, discounting any  spuri us
noted in Step 10. Check.

I
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4.13.3 Spurious Output (PM)

Step 1: To calibrate equipment for PM measurement, set
up equipment as shown in Figure 13.

Step 2: Set signal genera tor frequency to f
~ 

and adjust
input to spectrum analyzer to 0 dbin .

Step 3: Set spectrum analyzer IF bandwidth and spectrum
width for convenient display.

Step 4: Set signal generator to external FM modulation.
Set test oscillator to approximately 100 1Hz and
adjust modulation signal until side band level
is 26 db below carrier level.

Step 5: Increase test oscillator atte~iuation by 10 db.
Side band -level should drop 10 db on spectrum
ana lyzer. Insert 10 db more attenuation. Side
band level should now be 46 db below carrier
level. Set side band level to 52 db below carrier level,
this equals a separation of 10 milliradians.

Step 6: Disconnect spectrum ana lyzer and connect signal
generator to H.P.  3lOA through discriminator .

Step 7: With mode switch to norma l and bandw idth set to

9 1.0 1Hz, tune wave analyzer to modulat ion frequen-
cy (approximately 100 1Hz ) and peak frequency to
maximum meter reading. Peak discriminator
frequency for maximum meter reading. Note this
reading (which is the maximum allowable for
determining compliance).

Step 8: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

signal generator .

Step 9: Using H.P. 302A wave analyzer, conduct a sp~~ious
search of the signal generator spectrum from
100 Hz to 20 1Hz. Note level and frequency of
any spurious detected.

Step 10: Using H.P. 3lOA wave analyzer, conduct a spurious
search of the signal generator spectrum from
20 1Hz to 1.0 MHz. Note level and frequency of
any spurious detected .

Step 11: Set up equipment and connect the TWIlL as shown in Figure 14.
Appl y nominal voltage and the comma nd signal.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4.13.3 Spurtou~ Output (PM) (Cont ’d)

Step 12: Saturate TWIlL at f~ and ad jus t  input to wave
ana lyzer to 0 dbm.

Step 13: Reapply 100 1Hz modulation to signa l generator .
Peak discriminator—detector and wave ana lyzer
frequency for maximum meter reading. Disconnect
modulation. Turn modulation switch to CW.

Step 14: Using H .P .  302A conduc t spurious search of TWTA
output  from 100 Hz to 20 KHz . Note level and
frequency of any spurious signal. There shall be
none which exceeds the level noted in Step 7.
Discount spurious signals noted in Step 9. Check.

Step 15: Using H.P.  310A conduc t spurious search of TWTA
output from 20 1Hz to 1.0 MHz. Note level and
frequency of any spurious signal. There shall be
none which exceeds the level noted in Step 10.
Check .

Step 16: Deleted

9 -~
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5.0 VI~~~flOI TEST

During thi, test the TWIlL shall be operating; DC input currents and
1.1 output shall be monitored . Vibration shall be applied in each of
three orthogonal axes.

5] .  Test lava]..

Random Spectrum 20 — 300 cps; Increase at 3 db/oct to
0.25 g2/cps

300 - 1200 cps; Constant 0.25 g2/cps
1200 - 2000 cps; Decrease at 6 db/oct

(Overall Level — 19.5 grms)

Test Duration -- 3 minutes/axis

5.2 Procedure

A bare fixture random equalization will be performed prior to
mounting the NIL. An on-line scanner -output plot from the
4nt~~~ tic analyzer/squglizer will be -made~.dur ing each axis ot test

4 sad att .ched to the data sheets. This plot w$I1 be used to verify
q*for~~nce -with ~ha vibrat ion -critaç -ia. The- filter’bendvidth
of the analytir/equa lizer will be 50, - flz o~ L*.s, Applying the
rand~~ spectrum in pepsEate parts by bre ak ing up the specified
spec tr um into aarr~~ bands ii not acceptable.

Pr ior to performance of any vibration test the vibration fixture
shall have been evaluated in accordance with Paragraph 3.8.

Step 1.: The TWIlL shall be attached to the vibration fixture at
its normal mounting points . The vibration fixture shall
then be mounted to the shaker head so tha t vibration is
perpendicular to the TWTA mounting base (ref.  Figure 16) .
The control accelerometer shall be mounted on the vibra-
tion f ixtur e as close as possible to the TWIA point(s)
of attachment .

Step 2: Connec t the TWIlL as outlined in Figure 15. App ly nomina l
input voltage and apply the co~~~nd signa l to the TWTA .
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5.2 Procedure (Cont’d)

Step 3: Adjust the signal generator to f0 and adjust the RF
input power to produce saturated outpu t power . Record
the RF output power and the telemetry volta ges.

Step 4: Record DC input current; calculate DC input power .

Step 5: Vibrate the TWIlL at the levels and for the time duration
specified in Paragraph 5.1. During vibration the RF
power output and DC input current shall be monitored for
any abnormali t ies .

Step 6: Repeat Step 5 with the TWTA operating, except change the
TWIlL axis of vibration to the major hor izon ta l  ax is
(ref. Figure l6).

Step 7: Repeat Step 5 with the TWIlL operat ing,  except change the
TWIlL axis of vibration to the minor horizonta l axis (ref.
Figure ie.

Step 8: Repeat Steps 3 and 4.

Step 9: Remove the TWIlL from the vibration fixture and inspect
for any evidence of mechanical damage .

-0 -

-4
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4.0 T~~~W&L VACUUM TEST

~~l.sa otherwise sp.cified, RI data taken at the start of and during
thermal vacuum testing will be used as a reference only. Delta changes
will be used to determine compliance to specificat ion limit..

Prior to the start of testing the signal generator and power meter s
shall hays b s n  in operation a minimum of 24 hour..

lotsi

I. Tomperature stabilization is defined as the ther mal ba se plat. remaining
within the specified temperature ± 5°F for 30 minutes.

2. Changes from on. temperature condition ~o another shall be
~~cemplished at a ra te not to exceed 10 P/minute .

3. The change in small signal gain shall not exceed 0.13 db/15°7.

4. The following method shall be used to determin, compliance to
specification limits. Results shall be recorded on the data sheets.

A. Determine the maximum delta decreas. in RI power output that
may occur from the reference data recorded in Step 2. Subtract
this value from the RI power output determined during the pre-
.nviroznen tal functional test. The corrected RI pave r output
shall be a minimum of 27 dbm.

-~~ 1. Determine the maximum delta change s in small signal gain that
may occur from the re ference da ta recorded in Step 2. These
values shall be added or subtracted as appl icabl , to th. gain
values determined furing the pre—euviromaental functional test.
Th. corrected gem shall meet the requirements of Paragrap h 4.7.

C. X-T plots of power output, gain flatness and gain slops
psrtcmred at temperature extreme s shall be compared to the
refere nce data of Step 2. Any delta change shall not exceed the
app licable specified limits.

Step 1: Attach the TWIlL to a thermal baa. plate and install in the
- vac~~~~ chu ê u. Connec t the TWIlL as outlined in Figure 16.

Step 2: Apply nominal input voltage and coommnd signal. Perform the following
tests at ambient temperatur e and pressure :

• (a) Paragraph 4.3, Inrush Characteristic s
(b) Para graph 4.6, Saturated Power Output and Input Power Versus

Inpu t Vol tags
(c) Paragr aph 4.5, Saturated Power Output and Gain (Note 4)
(d) Parag raph 4.7, Small Signal Gain and Gain Flatness (Note 4)

— 
- 
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6.0 Thermal Vacuum Test (Cont’d)

Step 3: With the TWTA operating at f0 and at small signal (input drive
10db below that required for saturation) lower the chamber
pressure to 1 I 10 ~~ tnm}Lg or less. During evacuati -~n the RF power
output and DC input current  shall be monitored for any abnorma l-
i t ies.  Temperature of the thermal base p late may be 50 ± 15°F
during this period .

Step 4: When evacuation of the chamber is comp leted and the therma l base
plate stabilized at +50°F, record the small signal ga in at f 0 .
(Note 3)

Step 5: Increase the thermal base plate  temperature to + 65°F and
stabilize.  After stabilization record the small signa l gain a t
f 0 (Note 3 ) .

Step 6: Increase the thermal plate to +80°F and s t ab i l i ze . A f t e r
stabilization record the small signal gain at f.~, (Note 3 ) .

Step 7: Repeat Step 6 at 15° intervals to + 125°F (Note 3).

Step 8: With the TWTA still operating, increase the therma l base p late
temperature to +130°F and maintain for six (6) hours.  Dur ing
this period , a f t e r  approximately four (4) hours repeat the tests
of Step 2.

9 Step 9: Lower the therma l base plate temperature to +50°F (stabilization
not required) at +50°F remove the conmand signal.

Step 10: With the command signal still removed lower the therma l base
plate to - 10°F (s tabi l izat ion not required) . At -10°F
apply the command signal and simulataniously raise the temper-
ature to + 50°F. The TWIlL shall turn on normally.

Step 11: With the TWTA operating, maintain +50°F for six (6) hours .  Dur ing
this period, after approximately four (4) hours repeat the  t e s t s
of Step 2.

Step 12 : With the TWTA operating, increase the therma l base pla te
temperature to + 130°F. During the temperature increase, at
105°F (stabilization not required), remove commarxl signal
and then reapply, TWIlL shall turn on normally. With the TWIlL
operating, maintain +l$S°P for six (6) hours. During this period,
after approximately four (4) hours repea t the tests of Step 2,
except items (a) and (b); Item (d) shall be performed at nominal
input voltage .

Step 13: Repeat the sequence of Steps 9 throu h 12 twice, except test of
items (a) and (b); Item (d) shall be performed at nominal input
voltage.
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6.0 Thex 1 Vacut~ Test (Cont’d)
Step 14: Repeat the sequence of Steps 9 through 11 once, except test of

items (a) and (b) ; Item (d) shall be performed at nominal input
vol tage.

Step 15: Return the IIITA to room anbi. nt conditions .

7.0 7~~AL FU~CTIO!IlLL TEST
Repeat Paragraphs 4 • 1 through 4 • 13.

7.1 Final )(achanical and Visual Inspection

N.chanical and visual inspection shall be performed to determine
comp liance to 3200300—500 .

ACCEP’rANCE TEST - PART II (LIFE, & FLIGHT NODELS)
8.0 BaN-IN (FLIGHT MODELS EXCEPT FIRST T~~E)~~

Burn-in shall be in accordanc. with Paragraph 3.11 and func t ional tests
performed as follows :

Functional Test Sequence Test Paragraph (Note 1)

Start of burn-in 8.1

At 250 hours 8.1
At 750 hours 8.1,4.1
At 1250 hour s 8.1

At 1500 hours 4.2 through 4.13

‘ 
Note I: Tests indicated shall be performed at about ilO~ of the time

interval specified.

8.1 Functional Tests (Burn—In)
The following parameters shall be recorded at the specified time
interval. Deta shall be reviewed for any abnormalities.

a. Input current
b. Telemetry voltages
c. Saturated power output at 7.5 GHz ± 100 MHz

9.0 VIBRATION TEST
During the test the TWIlL shall be operating; DC input currents and RI output
shall be monitored. Vibration shall be applied in each of three orthogonal
axes.

9.1 Test Levels

Random Spectrum 20-300 Hz ; increase at23 db/oc tave
to 0.0625 g 1Hz

300—1200 Hz; constant 0.0625 g2/Hz

{ 1200-2000 Hz; decrease at 6 db/octave
t (overall level — 9.8g RI(S)

Test Duration -l minute/axis

I
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9.0 VIBRATION TEST (Cont d)

9.2 Procedure

Teat procedur. p.r paragraph 5.2 , except change steps as follows :

Btep 3: delet , in its entirety and replace with the following:
Adjust the signal generator to f0 and adjust the RF input
power to produce a power output at least 10db below
saturaticn, record th. small signal gain. Readjust the
RI input power to produce saturated power output, record
power output and telemetry voltages.

Step 7: delete in its entirety and replace with the following:

Repea t step 5 except with the TWIlL operating at small signa l
and change the TWIlL axis of vibration to the minor horizontal
axis (ref. Figure 17).

10 0 TH~Z11kL VACUUM TUT
Unless otherwise specified, IF data taken during therma l vacuum testing
will be used as a reference only. Delta changes will be used to determine
compliance to specification limits.
Prior to the start of testing the signal generator and power meters shall
have b . n  in operation a minimum of 24 hours.

Notes

1, Temperature stabilization is defiued0as the thermal base pla te remaining
within the specified temperature ± 5 F for 30 minutes.

2. Changes fran one temperatu~e condition to another shall be accomplished
at a rate not to exceed 10 F/minute.

3. The change in small signal gain shall not exceed 0.15 db/15°F,

4. The following method shall be used to determine compliance to specification
limits. Results shall be recorded on the data sheets.
A. Determine the ma.xiimnn delta decreas. in RI power that may occur

from the data recorded in Step 2. Subtrac t this value from the
RI power output determined during the pre—environmental functional
test. The corrected RI power output shall be a minimum of 27 dbm .

B. Determine the max imum delta change s in small signal gain tha t may occur
from the data recorded in Step 2 .  These values shall be added or
subtracted as applicable to th. gain values determined during the
pre—environ manta l f unc t ional test. The corrected gain shall meet the
requirements of Parag raph 4.7.

C. X-Y plots of power output, gain flatn ess and gain slope shall be
compared to the da ta of Step 2 .  Any delta change shall not exceed
the applicable specified limits.

Step 1: Attach the TWIlL to a thermal base plate and install in the vacuum
chamber. Connect the TWIlL as outlined in Figure 16.

Step 2: Apply nominal input voltage and command signal. Perform th, tests of
paragraphs 4.5 , 4.6 and 4.7 at ambient temperature and presaure .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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100 TR~~M~L VA~~WM TKST (Cont ‘dJ - - - - - - ~~~~~~~~~~~~~~~~~~~~~~ - - - - -

Step 3: With the TWr6. non-operating Uvsouate chamber to .1. z 10 Hg or less
m d  adjus t ba.e. plate tempera ture.. to: 450°F.. . .. - - -

Af ter stabiliza tion has been taiched, turn TWTA on and maintain for
-cix (6) hours -isinju,-- - Duri ng this - period perform the following tes ts :

a~ Paragraph 4.3 Inrush Characteristics -
b. Paragraph 4.5 Sa tura ted Power Output (Note~4)
e. Para graph 4.6 Sa tura ted Power Output and Input Power versu s Input -

- Vol tage.
d. Pa ragra ph 4.7 Small Signa l Cain, Cain Slope end Cain Fla tness (Note 4)

Record the small signa l gain at f0 at nomina l inpu t voltage .

Step 4: Deleted 
-

Step 5: Increase the therma l base plate tempera ture to +90°F and stabilize. Af ter
stabilitation record the small signal gain at fo with nomina l inpu t voltage
applied. (Note 3)

From the da ta of Step 3, calculate change in gain as follows :

Io’rl _ c T 0 1 -

40 x 15— db/l5°1 and where T1 — 50°F and T0 — 90°F

Step 6: With th~ TW’rA still opera ting, incr ease the therma l base p late tempera ture
to +130 F and maintain for a minimum of six (6) hours . During this period,
after stabilization repea t the tests of Step 3 and the following paragra phs : ~~
Pars 4,9 Intermodulation Distortion
Pa rs 4.13. 1 Spurious Output (Incoheren t Components)
Pars 4. l3.~2 Spurious Output (AM)
Pars 6.13.3 Spurious Output (PM)

Record the small signal gain a t  f
~ 

at nominal input voltage (Note 3)

From the data of Step 5, calculate change in ga in as follows :

40 X 15 — db/ 15°y wher e T2 — 130°F and T — 90°F0

Step 7: With the TWTA st i l l  operating, lower the therma l base p late tempera ture to
+4001. After stabilization perform the following tests:
a . Para graph 4.3 Inrush Characteristics
b. Para gra ph 4.5 Saturated Power Output, Steps 1 and 2 only
c. With the TWTA operating at f , inpu t voltage adjusted to 23 ± .5 Vdc ,

and IF input power adjusted ~or saturated outpu t power, record the
DC input current and calculate the DC input power. Repeat above at
inpu t voltage of 33 ± .5 Vdc,

d . Para gra ph 4.7 Small Si gna l Gain , Cain Slope and Cain Fla tness.

Tests under Step 7 are for engineering da ta only and specified limi ts do
not appl y.
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11 ,0 FIN&L-$UNCTIOMAL. TEST-

Perform Pa ra grap hs 4, 1. throug h 4. 13,

11 , 1 Fina l Mechanical -and Visi~a l - I ~nspec-tiea

Mechanical *nd viaua l inspection shall be performed to determine comp 1ian~-’e
to B200300-500. —

1-
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V

RF TEST MEASUREMENTS BLOCK DIAGRAMS

LIST OF EQUIPMENT

Equipment Make (or Eguiv .~ Model (or Equiv .~)

1. Sweep Oscillator H-P RF Unit 
-.

HO l—8694B
Series 8690

2. X-Y Recorder H-P 703513

3. Frequency Meter H-P 537A

4. 20 db Directiona l Coupler Narda 3045C-20

5 Crystal Detector Alfred 1001 -•

6. PIN Modulator 
- 

H-P 8734A
7. Invertor and Leveler Amp lifier MAC

8. 10 db Attenuator Narda 774—10 
- 

-

9. Dual Directional Coupler Narda 3024

10. Crystal Alfred 1001 Opti

11. Ratio Meter H—P 416B

12. Shor t (female) Narda

13. Power Meter H-P 432A

14. Thermistor Mount H-P 478A

15. 6 db Attenuator  Narda 757C-6

16 . Low Pass Filter Microlab LA—80N

17. High Power Load Narda 376NM

18. 10 db Directional Coupler Narda 3034B-lO

19. 20 db Directiona l Coupler Narda 4016—20

20. Variable Attenuator WD ClilO

21. 10 db Directiona l Coupler
(Ku B~i nd) H-P P752C

22.  Low level Waveguide H-P P91OA

23. Coaxial Hybr id Coup ler Narda 3034

24. Load Weinschel 535-1~fl~l

25. Signa l Generator PRD 1207

1-
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• U TEST MEAS~REMENTS BLOCK DLAGRAME - LIST OF EQUIPMENT (Cont ‘d)

Make (or Eguiv.) Model (or Eguiv.)

• 26. Precision Var iable Attenua tor H-P H382A

27. Sp.ctrUS Analyzer H-P 85511

28. Harmonic Conver~ er H-P 84llA
29. Network Analyzer - H-P 8410A
30. Thermistor Mount H-P P486A

31. Noise Generator (v/internal
load) A.I .L.  07051

32. 20 db Attenuator Nerds 777C-20

33. Mixer-Prsmeplitier A.I.L. • 13507
34. Noise Pigure Indicator A.I.1.. 75

35. Preamplifier Power Supply A.I.L. 136
36. Del.ted

37. 1 db Nodulat ton Box MAC
- 38. Vector Voltmeter H-P 8405A

39 • DC $lock 1fl/l~tcro1ab ~~--521I

40. Dtr*ctional Coupler, 20db lards 3044-20

41. Bias Box
42. Test Oscillator H-P 651.A

43. Signal Generator H-P 618B

44. Wave Analyzer H-P 3021.
45. Wave Analyzer - H-P 310A

46. Discrini jna tor/ fletector

47-. Line Stretcher Genera l Radio

1 48. DC Power Suppl y linda LK343FM
I 49. Control Box MAC

50. Digita l Voltmeter Fairchild 7000-OPT -i

1 51. Oscilloscope Tektronix 5311.

52. Current Probe Tektronix P6042

1 53. Dual I—V Recorder H-P 136A

54. Variable Attenuator H—P 355D

1 ss. Circulator E & N Laboratory X12T20
— - - 56. 3 db Attenuator Nard a 777C-3

1~ —

- 
~ijlHSS 

- 
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V

iF )4EASUIEMENTS BLOCK DIM~ AM
FOR VIBRATION TEST

P1G~RE 15 -

List of E.uipment Make (or Eguiv.) 
_____

1. Signal Generator Polarad 1207

2. Prequancy Mater Hewlett-Packard H532A

3. 10 db Direc t ional Coupler Narda 30443-10

4. Thermistor Mount (2) . Hewlett—Packard 4781.

5. Power Mater (2) Hewlett-Packard 432 1.

6. 6 db Attenuator Nerds 777C

7. 20 db Directional Coupler Narda - 22580

8. Load - Narda 376NM

9. 10 db Attenuator - Narda 777C

10. Low Pass Filter Narda L&-80N

11. 3 db Attenuator Narda 7776

12. DC P~~~r Suppl y Lamda 1X343A

13. Digital Voltmeter Fairchild 7000-OPT-l

ii
ii

f

- 
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RI NEASIRS~~ 1TS BLOCK DIAGRAM
FOR Th~~~I1.L V*CUVM TEST

FI(~JRE 16

List of Equipment Ma ke (or Equiv.) Model

1. Sweep Oscillator Hewlett—Packard 8690B

2. 10 db Directiona l Coupler (2) Nard a 3044B-1O

3. Modulator Hewlett-Packard 8734A

4. Leveler Amplifier Hewlett—Packard 84011.

5. Thermistor Mount (3) Hewlett—Pack ard 478A

6. Power Meter Hewlett-Packard 43lB

7. Frequenc y Mater Hewlett-Packard 532A
8. Variab le Attenuator - Sanders 1

9. Bolometer Hewlett-Packard 477B

10. Power Mater Hewlett-Packard 430C

11. 20 db Coupler (2) - Nard s 
- 

3045 -20

12. 40W Terminat ion (2) Micro lab TD-5NM

13. 10 db Attenuator Narda 777C- lO f
14. 6 db Attenuator Narda 777C-6

15. Low Pass Filter (2) Micro lab/F XR LA-80N
16. Power Mater (2) Hewlet t-Packard 432A
17. I-! Recorder Hewlett-Packard 70353

r
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Z Axis ~ Major Horizonta l
I’ Axis Minor Horizonta l
2 Axis Ver tica l
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IU - :N (; II 1-tINC TIO N A I, TEST DATA

I l E V EL L 1I1~ msI- t’IAN AM ) PIW :EI)I’I~I~ —
SPEC: LTPB 200300—400 

-
S ER I AL  NO. I~~ 

— I
— rAcE 1 of 3

i~E C.
‘ 

______________ — i i- :si DES 1C1~A-I- ION 
- SI ’F( L~ M I i ’~ ~~~_~~~~~~

- I)ATA

MEN I F-RIM MAXIMUM ~~0 2~~~~ $8193 HOUR~
4.1 CATIIODI-: A C T I V I t Y  , SECONDS 6.0 ~~~~~~~ 11.3 8~3

I., 4/
2 COMI’1AND s u;NAL

- 3 I N R u S h  CIIRRI N C I
a) TIME IN’I ECI:AI. > Iss , i=3insoc , AMP—SEC .0037 O.oo1~ c?.o~~~ ~.ooItI)) linax AMPS 1.8 ~~~~ ,.6? O.~~c
c) I W l ’ I I l j N  13/, Iss AT 150 SECONDS I

.4 INPUT A rID flIfi E’UT RI-: Fhi-;CT ION , VSWR

a) OIITI’UT (III I- h )  I . 25 : 1 I. 1~ 1.10 1.02
b) OLrJ I’IIT ( Clii i)) 1. 25 : 1 I-IC ~.og I. 02
c) INPUT (C )I I)) I 1.25: 1 I.!, g.15 I. i3
d)  INPLr I ( i R r i ) 1.25:1 ,g i.ic ’ ,.,3

5 SAl L I R A i’E I) P OWER 0(11 (‘Di
a) TELEfIEi i~Y VnI~PACES

1) IMP)Fi CI1I:REI4T ~~~~ 2.o9’l 7_O,z 2. 0S3
2) ; ,\ru 4!4i CIIRRI- ; r r i  I I ~i v 3.S~~ ~.r3C I. 16I

-3) i l l - A l EI-~ VOIJTA(i. ‘ii ,M v I 3 1o’l ~~~~ 3.o9~’4) I U-~ ( 1 1R REMI TI ri V I.o417 i.e~~ g.
5) cA l l  l ( J f ) I-  voi;rAcI-; IRM V I 2.63~? 7.~ Sb ~~~~~

b) I’ (SM .) , dBm 27 21.~ 21.,f2~~2~
4 6 S~V l l ’ c ~V I l - : l - ’ I’( ~- I - ~I~ O l T I q i l  AND I NI’iJT

i’4 ) t~ I-~R \ :: . INPIr I  \‘ lI l,\ (:(; I
V i i i  i~ I . ‘ v i’ : I
1) I’ (:~~L) , dBm 27 21~~ ,.,,r 

2’225
2) liii , AMPS 

I .t~ 3 .263 e.2k(3) P i n  I~I) i~ ) , WATTS 
6.oV~ ~.oii9 5~III

1)  V i i i  ~- 3 . 5\’ I) C
1) J’ (SA l . ‘~ , dBin 27 21.Q ~~~~~ a9.2f

Pin D—3 .ItS~ .IIV c~~VI

4 i C.,c,~ ~ Ø7~ 5~~IP3

— — —-- - - ——--- I— ~~~~~~~~~~~ —



_____________ - -— I’ay~ 2 nI 3

________________ 
I I )I- S ICNA I I ON Sl’I-CIIrli - rS DATA 

— —

MININI IIl T i- lAX i ;- iL I i i O __ 4.Zooc’? SJ*!3 ~~~
6.7 SMALl, S R;NAL C A I N  -

a) Gss AT 1’ lOdR BElOW 1’ (SAT.) , dB 35 1 
~~~~~~~~~ 3~~3 3c.~- 

b) sii~~s 4 AND S (SEE AlP ) .

6 .7 . 1  C A I U  : 1 o i E , dB /Mhz
a) V ii i  23 - I - . 5V DC

1) / ( : - ; - ~ 
— 

1
~ 

to  
~2 

0.0 i S O.ooI4’fO.~~ 1 o.oo3
2 )  , (;s I III f 0. 1) 30 0. ~~i~J 0. ~~~ 0.0019)3)i Cs~ ~2 to 0.030 I0 00eF4~o, o.oo.~I

b) Vin 23 !.5v 1)C
1) ~~~~ to  12 0.015 ~~~~~~~~~~ o.00( 0.~~~3
2). I to 0.030 0. ~j lf o.~~I •. 00~~~? 

j3 ) .  (~~ 1 7 10 1
4 0 . 0 3 (3  0.0~~ 7’~~.~~~f ~~~~~~

c) V in 33 i .5v i)C
1)7 css i

i t ’  0 .015 &ool~ ~~~~~~~~ 0.0o3 ,
2) / Cs 1

1 
to 0.030 •.oWY o.oo, e. ~o~?3) ACss 

~~2 
( o  0 .030 

~~~~~~ ~~~~~ ~~~~ (
4 - 7. 2 ;A I N F I .A I Nl - .S N

a)  Vi i i  — 2 13 . ‘;v oc
1) ~

;
~~j :~ \‘A CLA t I O N  II) 1 7 , dB 0 . 2  0.09 ~~~~ :o.g3

b) V iii — .‘ _ 
I~ \f 1) 1

1) cAl: ; \AR LA l IO ~~l I~ t u  I
? , dB I D .  2 D.o9 -~ O.I 

to.13

c) Vi n 33 _ i~~ S\’ in; 
-1) CA I N VA ~ I A t  I IN ~ ° 2 dB -1-0 . 2 

~.oi Zu.! to. 13
.8 I N E i-

1) 11.1- . , dB 2 i  21.7 V.3 ~~~~

6.9 1 N I C I ~~iO I ) I ’ l . A l I O N  i ) I N l ( l i - I IO N

a) I . ~I . D l  N i l  I - :  U I  1 IN , dE 23 I 
~~~~~~~~~ ~~~~~~~~~~ 

2~~~~
. 3 I

—‘i . 11) 
~ I~~ 3 ;  i~l l \  IlI: ; lIiI ~ i i I l ~~

a) 1 .1) . I~~ ‘ a  I , 0 . 10 O,o~l 0.0! 0.01
AN\ i ( l t i i l ~ I I  ~: i : A I ;  I N I  i- ;I;vAi . , ns/Mhz

b) V • I) I c ~ 1 , 0 .01 
~~~~~~ 0.00, 0 001

P A R A D D I .  1’: t ’ORl ION ( ‘ I -  cu R V E  , nslMhz2 -

• D-4 I
- ~~ - — - - - - —--- .~~~~~~~~ -y.U - - — -- - - —.- ~~~~~~~~~~~~~~~~~ __________



S/N_________________ I’ag~ 3 oL 3

~~ 
EtA # 11:51 I)I 3 IGF.iVI’ I ON SPEC I.) tIlTS 

_______________ 
— 

DATA 
—

HtNrIIIIIN r IA:~u;uF.I p ~o0d7 ~t$?3 lOUIS

1 11 PHASE 311 ’ Fl , FREQ . 
~~~+I4dIIrn : i’~, +23dBni ,

a) +21. 75d turn -
, 

P() +23dIIin 2.0 
,•~~~ 1.1 o.’?33

b) +lldBni - P0 421. l5dBm 1.5 ~~. ~ e.i~ I.~°
c) +l4cIft:i P0 +I7d Brn 1.0 0.9$ O.~~ o.tZ

- 12 STAll [LilY (MiSMATCh ) 
1/ ~~~~— NO 1’ I- El  3-I 1 NPU I A NI) 01 ‘-n’trr

(YIIIEI~ TIIA N I NIIERENT NOISE

1 13 S PiE 10113 01 lT p( Jf  -

- 
COIIERI-INI CUN1’ONENTS

a) P (hARMONIC ) , dB 13 l~~c Iq.o it.3

13. 1 SlL ’I~ 1(3 1 3  l ) I I T I ’ I I T

Irlct)III;IWNI- C0’IPONEN1S

a) P0 (NON—IIAI:hioNlC) 60d B BELOW FI1NDAI- II~NTAL 
l~~ ~“ ~~

I ~13.2 SI’(!J~ l()IIS f)IlfI ’(I [ (At-I )

~/ ~~~~~~~13.3 SI’uR 10113 1 flIlI’lII’ ( I ’M)

I 
.~

1~ 1

_ _  

-



A

— — ~~~~~~~ — — — a — — — — — — .- — — —

0 0 ‘0
• I ~~ . ~~ 

,. ~ ‘4,
• a.. .~

—
o 0 0 sa — .3
• ~~ • .0 0 ‘ 0

t ‘4 4.’ .‘ ~‘ — “a ~
-4 

- 4.~ a.,

S
C e  a— 

~
_ •• _

~

•

— 
~~ 0 ‘4~

—
~~~~~~~~~~~ —

,~~~~~~
a- g ~ ~ ,

e w~ — e 0 ‘0 .3

I • ~ ~~ a.~ •~I -. 4.-I •~. ‘4~• 5 .-I ‘4 a.)

~. 
g 

~ ~, ~, ‘0• 0 ~~ ‘O 0 ‘4) -~ 0
C ‘4~ — 0 ‘0 W

~~ ~ — —
,

— ,— ,-. 0. 4.1 ‘4)
-— 0 — ‘0 ‘0 CI ‘0 ‘0

~~~~~~~ ~ 
.-~ 0.0 

-
-~ 

4.. a.) a.) .4 4.1 ‘ SI

I ~~~!~ ii I] :
t;~• ~~~~~- -- - - - - - -

I S

1~~

~~~~ I~~
— — — — — — —  —

- l
I

:~
-
~~~~ ~~

- -  
~~~~~~~~~~~~~~~~ 

- - - — -  —

- ~ -~ .~

I t h u  I’
~~~~~

~ ~~~~~~~~ I I  ~~

H L M1~1!!I!!h!UI !1O — 

i



S/N 
- 

-— I’;i~~’ 3 ol 3

S I’EC
EtA ri- :S- i- I)ES iGr~A I  I UN SPEC 1.1 tilTS 

_______________ 
DATA 

—

M [NFM (It-I I~h A X L ( ; U M  
~ ~oo~~~ 5*113 lOUiS

I II Ph ASE ShIF T , FREQ . t
~
,

+I4 dhlrn  . P +23dBni O ,
,~~~

a) +21. lSdBrn - F1) I-2 3d11,ii 2 .0  1.o 1.1 0.933

b) +I7dBt n - p — + 2 1 .  75di~in 1.5 0 )‘ 
~~~ /~~~~~°

c) + 16dft~i l’0 - 4-1 7d Bin 
- 

1.0 0.1$ 0.8 0. ‘.2

fi . 12 S1AiI JL13 y (MiSt-lATCh ) 
‘,, v’ —‘~NI) P I - Ri 3-I I NP U I ANt ) () t rFl ’IIf

OTIIE11 TIIAN I NIIERENT NOISE

- 13 SP1 !. l o I N ;  (MITPUT -

COIIERE i-.r cuMI 1oNE NiS

. 1)  1’~ (ILARNON IC) , dB 13 ~ ~
ç ‘q.o ,‘..3

— 13. 1 S ruiR i (ill3 I )IJ’I .I31i
1NCOIII-;i-Ii-;N -l- CONPONLN1S

-i) P~ ( N O N —  IIAIUIONIC) 60d B BEL OW t tINDAl- ll~NTA LI 4 /- I
13 .2 S I’(IR ~(3IS OIrJ puj-[ (At-I)

a _ 13 .J SE ’IN-t 1( 1 1 1 %  I I I ICI ’LI I  (I’M)

I I .-
I I

I

D-5

______________________________________________________________ ________________ 

I 
_________________________- - - - - ~~~~~~~~-~~~~~~ _-  -- - --- - - ~~~~~~ ,~~ 

I



— — a.,
• 0 SI 0S

SI 4.1 — 4.4 a-
5 a -  4.-a— — — — — — —— SI a- 01 a.) I- —o • ‘0 0 - SI e4.4 0 0 5) 0 ‘0 a- ‘0

~ 
,. a. - a.~ p 1)

5 ’ .  
4.4 1.1

5.4 a- a. — a-)
‘0 0 ~ a- ~ 0 ~4 SI SI0 ~ C~ ~~ 0~2 ~~~ ‘a a-i ~) — a.’ a-

5 1 0  4.4 1

4 —
~~~~~~~~~~~~~~ — — — — —  —~ = 

5. a- ‘0 .4 .0 —i —0

~~~~ 
• 0 5 5) 5) 0

‘0~~~~~~4.4 O
a- ~~ 4.1 SI I.) .4 4.4 a—.

‘ I ‘0 
SI 

II I 

a ‘41 a- i~. U 4— 0 —4— .5 0 0 I
t~ ~l -~ C 4 I

~~ 
— 4.-a a a  a-a — a- •

Id ~~~~~~~~ 
O 1 0 ~~~~~~~~

I O I  -

Ix 4.-a a-~ 1-) . 4 .4

4 ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• ~ a- ‘0 ‘0 0 ‘0 .4 1 I

* ‘°~~~~~~~~~~ C SI . 4 0 , 0  - I

— ‘4 — ‘0 ~ 0 ‘0 .-io ‘0 ‘0 0 ‘0 SI a- a0

~~ 
I. ’ a.) —. 4.4 4

a .) ,  a-a a a

‘4-I — 0. ‘0 ‘0 4.) 010 a- .0 01 C’l .5
I S~ C -~ ‘0 ~

~~ 
1.’ ~~ ~i 4.1 a..

‘—a
- —~~~~~ - - - - - 

10 ‘0 0 ‘0 0’
‘0 ~~

~~
01 .4 1” — -. ‘0 SI -4

g ~~~~~ 
‘--i a . - .  .-a a- :

5 (.1 ) c-I 44 a

_4 4.4 — — .4 a.,p • S I~~~~~ ‘0 1 0  0 SI 0
4.1 ‘0 ~~ — — 10 01

~~~~~~~~~~~~ ‘4 4.) a-a -a (‘4

i1~i ~~~~~~~
~~ ~~~~~~

- - - - - - - -  -

t~ !tf
~~~~ 1 3  ~~~~~~~~~~~~

tI L ! i h I I I iR! fflI~i



• 
~~ 0 0

.-.

U I

a- 4.) •4 1 ~4 (‘~ 
II) --

J

~ : — ~~ ~. c-I 
S.

~~~~

4 — 
~~~~~~~~ 

—

- 

A

-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I

~~ 
~l a-I .4 ~~ 

~~

~~ C “~ 
.-I 19 

~9

~~ ‘4

S - --- - - -

~ 
_ :~ ~

~~

>~~~~~ 

-

2 - - — - -  - - - - - - - -
a l L  ~ I

I i  Ic,,
~~ ~~~

, ‘ --

— — — — — — — — — - — —

~~~~~~~~~~~~~ ~~~~~~~ 
0 .4

- I  ‘0 -

I

~~ ~ i t t  ‘I I
II I -

___ 
!I !I ILiI ( 1~i~I~!i~i

D-8 I
- — - - I  - - -  — -- — - ~~

-‘ -
~ 
- — -  - - . a—- - -



‘-4 . 4 . 4  — 1’4

5 -a_I
— — a — — — - — — — — — —

—

I ~ a - a . )  SI — a--a

.4 ‘0 ‘0 4.4 SI
0) 5) 0) 0 -4 5) 0

.41 a- 4.) ‘0 0. SI 0’

-
~~~

- - -: — - - — : - —- - -- — ——

0 SI 0 — ‘0 ‘0 -3

. 5 . 5 0 , 0 0’  — ——
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—a .4 .a- 0 5) 0 — ‘0 a- ‘0
5) — (‘4 .4 .4 — a- a— SI
‘0 4.-a a.)

.4. a- r SI -I 0 SIo Cl ‘0 0 5) 5) 0
a. Ii 0 SI — — ‘0 4- ‘0
-4 .8 . 4
1 • a- SI a-a — C-I a- SI
‘0 V~~~~ 1--a SI

- -~~~~~~- -- - - -
SI 4- ‘0 ‘0 -4 — P~SI 0 Cl ‘0 *I SI .5 0 0

O 0 A 0 .- -0 ‘0 ‘0
. 4 . 4 . 4o ia — C-I a-fl SI — ,~I I’. IA

SI 0 C-I SI

8 — --—
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — —0 .4. P. 0 Cl 0 0 0

.4 0 0’ ‘0 0 .4 IA CI ‘0
‘0 a-, .4 0 ‘A — — ‘0 ‘0 ‘0o 0 . 4 ._I
a., 0 ‘4 (8 Cl 4., — a- a- SI

8 5 2
~~ 

-
~~~~~~~~~~~~~~~~~~

-
~~~~~

-

5: °~~~~ 9 ~ ~ 9 ~ 9
j ‘ 0 4 a -.0 5 C-I SI Cl — a-I a- .t~

‘0 .4 4.
4..
.
~~~ 

—
~~ 

— — - a a - 

I ~ I i . ! I i
~~ I 0
Lu I 

I

~~ 

(I) ~~~~ I s ’
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~- I  p. -

a 
a _ I ’

3 S.. 

~~~ Cl) ~
‘

— —•

~~ ~. I I i
1 3

~~

F iii L Il LI !iJIIt I~!’.1i~f
D-9

—-—C 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -- - - -—— -C



0 o 0 0 o0 • A 0 CI 4) 0 0
~ -: -: -: -9 1

~ : ~~ •-~ — — a- C— ‘A
—. , I, C-I

g -~~ 
g

0 .4 ~ 
A — C ‘0 -a-, fl -I — a--I 1 -  SI

S I _ I a - a - S I

I
a-I a-) SI 1--I

-- -~~ 
a-

a- 
~~ 0 ~

0 5 — l~I a-a a., —. a-. a- SI— a- 4.-’

_ 
— ‘ a -  

° & ‘0 5) 0 — 5) 5) 0
~~ ‘-a . ’—  O S I - ’ 1 9 a -

‘0 S — I- a-C SI — C-I a- SIa- Cl
_ —- -

e s a- a 4 . 4 .—  a-

-

a-I .~~

a- 0 0 0 0 0
0’ ‘0 0 5) al) 0

5) (8 0 4) — -. ‘0 19 19

— .4 4.1 4..

- -~~ .- 
a--) * 0’ ‘0 ‘4. 0

0’ 5) 0’ C’ -5 5) 0
— 4. 0 ‘A 0 0 0 ‘0 SI

0 S ~~~~ ~ — ~~~~~ a-I a —a - a . )

S — -—r7 -;-:-~.
-;-;— 

-4 ‘0 ‘0 0 .1 0 0
A 0 S I  19 ~~ 

1-; 4

~~ :-
~~~~ . 

a- a - a -  .CI

~~~~~~

* 

CI)~~~~~~ 
~~~~~~~~~~~~~

!!~~~~~~~~~~~ g
~~~ —

‘0 

C/) 
~~

£

~~ ~i I
I I

i ; . . !i~ ~~~~~D-1O

— -.4 —— — - - - —- -- - - -.- —— - —- —---- - — — — --—-—~~~ —---—-- - . — - -  - -- -



a-C.

— , 0 
~~‘ ‘IC 0 ‘0 ‘Ii 0 0

4 4 . 0  0 SI — C 
‘9a a.) a.) — 4.4 a- SI

I’.  a- a-I)

• .4 o a.. -0 0 0

~~ 

. 0 SI ~~ — 0 a- a-
1 . 80,

~ 
— a- a-a IA — CI

—

I
L i ~ 

-; — C-- 5,

‘0

~~~~~~ 

‘ 4 1 4 .4
~~ 0 0- 0’ 5) 0 4.1 ia-) I C

Ia-I 0 If) .-4 ..a ‘0 a
‘0 4 CI

a--. a - C a -fl — a- C

.4 — C I S I

1.0 ‘0 1.-I a-

* 1 
C-b 0 ‘A 0 c-I SI ‘ C

.. 
0 .a) SI ..a .., 19 .4

C-I SI — 1.4 4. a-) — c-I I S
— • SI I C

— 5 - I a -
0 a--.a- 0 SI 0 a- ‘4 -0 .8 a- 4 SI — 0 ‘0 -
‘A S I c- Ia- SI ‘4 a- a’) .

~ —‘ ~i a
— ) .5 I -

SI a-
0 0) SI 0 C8 .4 4
0 .4 a_I 0 41 .4 —a -4 I I
1~4 5  C_I IA 4. — 1I I —-a 1 . 5  I

0 0.
4.1 ‘0 III C 4.-I 4
( 84  a- 0 SI — — -0
— ,_
a - i a  a.I a-a a-a — CI II C

S —— ~~~~~~ — — — — — — — — — — — — — —
~~ ~ 9 ~

~~

5: . 40  0 .0 0 0 4
a-a a-C .4 SI — — ‘ 4

-~ ‘ 0 4 . 4  -
‘4 5 C-I 1’) a-i — 4 a S
- 4 ,  I a’

w L  s~ ,
• 

I I~~(n~~ ~~~ , ‘

~~ 

— -a — — — — —SI 4 p . ,
5 CI I
I

~~~~~~ ~~~~~~~~~~~~~~~ _ ._ _ _ _ _  —
1.

Lu

I p
~~~~~~~~~~~~~~~~~~ 

a.

ii ~!I ~ii~ i i  i i
LI L !~ IJJII ~JU~IJ ~i



— — -— ~~~~~ — — _ —  —

N
• 

1) SI — a- a- SI — 1-4 P. SI f-I I’

Ii
C-~ a - S I . . .  C a- ‘I

.4 
~~~~~~~~~~ ~~~~~4

’~~~~~~
0
. 1 1 9 1 9’ 9~~~~~~ -

• 0 ‘4 4.4 C-a a.) — a- C-. 11
~~ ‘A S a- Cl

— ) —

0~~~~~~~~~~~ 0 ’ A O O O

0 4 . 5
O 41 CI a-C SI — C-I a-- ‘IC

SI C_I a-I
— ) 0

- - _--
~~ 

- - a

.5 0 ‘0 41 0 0 4) 0
0’ — 0 ‘Cl — .-i SI
0 .4 1.1
—C *1 — aM a-’ SI -‘ 4.. a-—

.4

a - a

-~~ ~ a- 
0’ 41 0 — 41 0 0

4. 0 ’ A - . -. ,D a- SI
4 C .

C S “4 1-4 a- 4. .8 CI a-— IA
— II CI a.)
) a--.

- 

~ 
:~~~ ~~~~~~~ 

- -- -

£
S

~~~~~~
LIJ L 1. 

1

Ii~~ !~i ~a~~ .•• 3 ~ _ _ _ _ _ _ __

1.

Lu
1. Sb

I i i ’u~~~~~~S 
~~3 I I

~~

t J ! !I~ I iIIi ~1~I !! IiI
D-12 

- I



S 9 5

- -
.4 ~~~~~~~~~~~~~~~~~~~~~~ a

U’

.~~~~ 
a- a. — — —

~~ ~ 9 9  Z— a- — — — —H!

~ 2 2
— 1~~ — — -
~ 9 2

~ ;~ : S ~~~~2 2 ~~~~g 2

3 .. ‘ ) 0’ 1’ a.)

CI -
‘05: Ga .0 0 0 -0 0 0 o
.1 S~~~~~~~ a- 0 5 )  19 a- ‘0 ’.

4.4 a.) SI a Cl a- ‘A ..s — a.)

~~~~~~~~~~~~~

~~~~~~~~~~~ 

s - - -  

~i;~ t
E ~ =

3 3 ~ I.-

H L !I !I I!I I I II IU! ’II I i



- -~~~~~~~~~~~~~- - - - - _  - a
0 P. • ~~ 0 0 41 0 0

0 1 — Ct ‘9 ‘4. 19
~~ . 

C - 1 4 . S I  CI a - I A
—

0 ‘0 Cl 0 ‘0 SI 0 0
. 4 4 ( 8  ° 19 19 Ct ‘9 19

I 

~~ ~ ‘ ~ -4 SI

~~~~~.4 S I  . ‘ A O  Ct 9 a - !  -

-
~~~~~~~~~~~~~

- - -- -- - - -

• a- SI 0 a- .5 41 0 SI /

I
a - S I  S I — a -  ~~

— ‘

a

‘A 0 0, Cl 0 0 4) 0 0 — ‘-a

* S. a-~~~~~~~~C-1

‘9 CM SI -a 1.1 a--. S~) .4 4.1 a-I

- 
-

~~~~~
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--

0 41 9 
~ 

‘9
C1 4 . . 4 a -  ‘A

— 3 —

a- 
U’ SI 0’ ‘0 41 4) 0 ‘0 0

~~
‘9 — C-I ~fl a- a-SI

8 ~
‘ 

a

- 
~~~ 0 4) 0 0’ -C 41 0

- — — 4’ — 0 0 A

9 ‘9 ~ 
a- 4.~~~~~~~~~~~ - C C - I a - I A  p

- a-;
0’ -5 0 ‘0 41 0 0 o I

.. F~ ‘ ) C — 0 0 ‘4 Cl 0 ‘0 I ‘0
—~

a _ a

~~~~~~~

L~J~~~~ s — — — —L&J L
I I~~~Cn~~ i,. ’

I~C ~~~~~~~

~~~~~~ 8~~ CO

3 a — — a  — — — —— —
Ii
~ I I I I

~~~~~~~~~~ I I
~

___ 
! !I !i !i I ii i ~ i~ii1i

D- 14

- -4 .- - -.-- -- --~~ -—--. - - -- -~~~~~~~~~ — -.-~~~~~~~-- -- — ---— — - - --- - .- — — 
___________-



40 A053 7140 HUGHES AIRCRAFT Co fl*RANCE CALIF ELECTRON DYNAMICS DIV F/s 9/IDEFENSE SATELLITE COMMUNJCATIoM~ SYSTEM TRAVELING WAVE TUSE A1 —— (TC (u)
UNCLASSIFIED 

FEe 7* M I. (AWl FOls7Ol 7k—C—0542

!F1F’ _ !EH1 DELIMMEIEWJPDD!!!r:!fl



_ -  _ _ _

~ 2 ~ .4 ,. .4
N N • ~~ (.1 ~~-.

N ~ 
(.1 (.~

I

.~ ..; .. -:
(.4 •1 -‘I ••~

— a. m a. .0 .0.. .~~ p.. Q fl 0 0 .0 .( -~

~ p.~ .~~ .~ 
..: ~N ~ .0 p

— :--- ;.. 

0 
~~

. 
~~~~~~~~ ~~

— i~L~$.H ~0 •
~~~~ 

N 0 0 - (.4 (.. fl

) .0
-

~~~~~~~~~~~~~ - -  
9

-~ .~ ‘0
0~~~~~~~~~~~~~~ N 0 0

.0

.4

9 9

~ 
. 4 . 4  -4

N ,  0

N - . — — —“4 p..
P. 0’ 0 0’ -~ 0 .0 fl fl 0

~ 

‘-
~~~~~~

~~~
~~~I

~ ~
~~ — I(

I r e ..

_ _ _  

!~ I ~i Ii ~ (ifi~ iD-15



0 _~

1’-
4-
• ~~

~ 0’ 4.4 0 .0 en 0 C
—~ S ‘0 0 en -~4 0 .0 ‘I 4

4.4 44 ~~ — 44 4.4 44, 44, — 4.1 N.
1 3 F.. (U F

- -~~~~~ - -- -- -- - - - -
~ 4.4 0 .0 4 C

Fl M 4.4 0 en — 0 ‘0 t~ 4.
4 . 4

, .0 4, 4.

-
~ C 4, 0’ N. /4 0 C C •4.4 4.~ en 0 0 .0 en •1 0 0’ e

-~ NJ
F I 0 4.1 4, — F N. 44 — 4.4

4 0

8 — : :- - -;— —
-. 0
I F. C - 4.4 0 04 ~0 0 0

C . .

4.4 1 ~. -, —, — 4.4 4. U
2 .~ 0 4.4 44,

4.. — — — — — — — — — —C 04 4,
0 ..~~ 0. fl 0 N. ‘ 4,

i-. .4. 0 fl . 4  0 .0 ‘/44 4 ) 5  04
.4 G I S, F e  .4 4, — —. N. I/e. 4  4.l CU 4.4

3 .0

d ! : ~::! ~~!!~ _ _ _
4 I !

1

~~~~~~ 
p - — —  — — -

.;
_

— — —

~~~ p—~~ c - - —  
~~~ U) ~U S W

t it i t~ 1’I ! ~II I1I l i i i
.ü ~!~!I _ _ _ _ _ _

D-16 

- 1



N 0
‘S

-S.-

~~ 
4 4 4.4 A 04 4. — 4.4

-

— .44 4.5 CU 3’ 4 •~I S I 0 ~~ 4 ‘0
‘0

• ~~8
(U 4 , 4 , . U• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘0 -~~ 4.4 444 4.4 01 

- 

~

CU 01 4.4 4, 01 01 ——
4 W W

~I !

~~

- -~~~~~~~~~~ - -

.0 
CU 04 0 0’ 444 4/4 0 0 414. ‘0 4,

CU & 0 4 / 4 0 0 . 0 4 ,  . 3 0 0 4 0 4  N.

4.4 4, 4, _ 4. 45 4 / 4 4 4 . 4 4, 44 0
4, — Cl 4, A (U Cl —4_I — 44’ 

- - - :
4 - -

~ o e Cl 4/4 0 0 04 4.~. CS

~~ 0 415 — 0 0 ~~ .3 0 04 0’ -
0
en 0 CU Ifi A 04 CU .

~~ 4 5 0 1  ~~~~~4 , 0 0  0 . 0  4.5
0_ 41~ • 9 ~~~~~~~~~~~~~~~~ 44~~~~~~~~~~ 0 0 4

•
4. �.

4, ‘0 ~ 4 ~ (4, — (‘I N- ./8 — ‘4, (4, C

8 (U (4, A CU CU -

~ .~ ~~ 0 (/8 — 0 eO 4, ~~ 8 ‘0 04 4 4...

-I ‘0. ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0
444 Cl 4,4, A CU CU - —•
04 ‘0.
~~~~~

—
~~~~~~~~~~ - — — - —- -- — - - —— -

~~
CS — - — — —

w L  ~
(,) ~~~~ ~~~~,

I

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a~0
4 5 4 ,  0r

~~~~~~~~~~~~~~~~~~ ~~~~~- -  — — —— — —

‘41
~ . d 4-

S

~~~~~~~~~~~~~~~~~~~~~~~~~~

If P~~~~~~ J~ ~ ~ gi ii [hh 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

D-17 .
,

- 
._ -. 

~- . — ~~~~~~
. C-



_ _  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~
~~

~ ~~coo r r~~~~ Q c ~ 
in 2

~ ~~~OV I O~~~ %~~~. -~~~~~~~~~~~‘ ~~~~~
— 0.

~ a-~~~~o~’~~~ c - P r -  ‘? 4Z
~~

~~~~~~~~~~~~~~~~~~~~~~e 4 ç~~~~
_ 

~~~
.

- 

ê’ O D~~~~~~0 f !~~~ ~~ 0.

~ ~~~~~o- o-~~

~ ,- o ce2 c~ 3 ~~~ ~~~~~~~~~~~~~~~~~ r-~ ó2, n ’ . r~ ~~

0 r 
~~~~~~t n o - o  ~~~~~

~~ 1~•
Io~~~~

~~~~~ tr( 0-0  
~~

- -~~

~~~~~ ç~~~~~~~~~~~~~o ;Q~~ ~
V.-

C 0 4 0 4

~ ~~~~z > . > > >~~~~€ 4 ~~~~~ t~
US

*0  ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 0

a 
— 

U S Li41 ~~
44 0

C 4-
0 !

-(5

~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~

~•1j 1flf l  
_ _ _ _  _ _ _ _ _

D-18 —

.4 -
~~~~ 

— ‘ - —. ——-
~~~~ 

. . —-.4- C— - -—



— — —— -:~4.-~~~J1 ‘~, 
—

—I ~~.- ‘.a
II ~‘ ~~~~~~~~~~~~ ‘.

~~~~~~~~~ Q 4 ~~~?~~~~~’ .~
!~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I~~~

‘
~~ ~ 

- ;
~:; -~

~ g~~~~rno ~~~.I- ~~ •-~‘•- - I.— ~ — (4~

g ‘-.3 C 0 
~~~~~

I ~~~~~~~~~~~~~~ k

~ ~ 
~~

~~~~~~~~ : ~~~~~~~~~~~~~ .~~~~~~- -~~z Ig111 ~ 44 I
- ~ ‘9’ I~ ~ ~~~ ~~ 

“

~~
S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ k

S 2 ~~~~~~-

~ ~~~~~~~~~~~~
0

~~
- 

~~~~~~~~~~~~~~~~~~~ ~
~~

_~~~~ ~~~ - ~ !�~ ~~t~~~!~ 2 t _
04 44,

a 

~ 2 z  > > % ~~~~4~~~~~~
~~~~ ~~~~~

_
~~~

_ _ __ _ __ __ _ __ _ _ _

‘4- 04 4/8

~ 
e
~Cl)

~~~ ~~~~~~~~
*0  ~~ ~~~~~~~~~~

_ _ _ _ _
0~

!< ~ ~~~~~~~ -5 ‘0a
~~ ~~~~~

_ — I~~.U) a_ ,~U.w~~
44

~~~~~~~~~~~~~~~~ 
4- -. II.

4-

S* —  0 r• 4 04 -q 0~~ .~~ C )-

~~~~~~~~~~
t ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 44

U .,~~ ~ r ~ 
144 5 5 ~I~I L iii Jill IllulUhi

D-19



4.. I.e.I r.- c-~~ t t 4 - * J~~~ i ‘5-I VI~~~~~~1~~~~C 4-
~~~~Q .i’ U- O ~ J

I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
I Ifl e.)5.4 

~~~~~~~~~~~~~t~J ‘.
~

I N 
~~ ~ ~~~~~~ ~p ,5 •‘.

~~~~~~ ;i~•~C4 ~ 0 4 4  .i~~~ r S • “4.~I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Li

1 4- ~-~J~ 2~~’~~ ~~~~~~~~~~ ~~~~~- -~~~~~- -

c
~~ ~~~~~~~~~~~~~~~~ v~~l ~ Fl
£

- 

~~

t3 >~ (I.~~1T U ~

~~~ 
.
~~~ ~~ 

~~ ~~ r’
~ r~~~4~~~~~~- ~~~~~~~~~~~~~ ~

~..

• ~ ~~~~~~~~~~~~~~~~~~~~~~ 1

2 ~~~~~~~~~~~~~ 44 44 4, 0 . g A 4 ’ 4 4 N 0  ~

~~ C p • ~.ei ~ ‘4.O.4 0 4  ~~~~~~~~~~~~~ & ~0 ~~~~~~~ (U~~~~~~

~

t~ ~~~~~
-

~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-

~~~~~~~~~~~~~~~ — - -
I I 

.4

- - . _  - -

.4.
*

a
a-. ~~~~~ ~~~~~~~~~ I

~iU1 [ 11 11 !IIJU!iUdiEii
D- 20 J

—-S. .  ..— . -.4 ----- . ~ -•~~~~~--.--- ~~~. 
.— ~~~~~~ 11~~~ ~~~~~~~.



-S4

-S

5-

4-

.5-

5-

— —

-S

0~l0I

icC 4- 

- -
I- .5Ma -
Ma

-a
< M a w — —  

-S

o~~~ a-

0 ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~ ~~. ~~~~~~~~~~~~~~~~~~~

~ ~~~~~ - -
0 ~‘ , r

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (~
4

-~~ O~~~ • ~~~
‘1 r ~~~~~~~~~~~~~~~~~~~ 

.4

a— g1 •~~~ ~~~~~~~~~~~~~ .A ~~~~~~ N1 ~ .-
~~~~~~

LU Ma( w L  
~~ I ‘SX J •~~~~ 

C .4
C,)

!i!i~ !~ ! —  
- - -

I
~~: 0 — ~ a

~iw ~ ~~~~ i i~i i
-‘il ~~f t J~ 

_ _ _ _ _ _

‘
~~ 

L~~~~~~~~~~~~~~~

1 

~~~~~~~~~~
D—21

- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ._.. .4 - ___  .4



I / dO~~3~M

~/ Z I ~,iO~~3PM

/ I ~0 X33M
— / / ~O~~33M— — —  I I ~~~O~~33M

I I ~~~O )I33M
..a

c 
- 

,/ ~~~O U3M
— 

/ / ~~~O~~33M
— 

I I ~~~O~~33M

~~~~~~~~~~~~~~~~~~~~~~~~~~~
— —  

I I ~~~O UaM
/ / ~O )133M

‘4- 
4,
~~~~~~~~~~~~I~~J~~~O~ (33M 

/ I ~~~O~~.]3M
I / ~~~

O 4
~~3M

~~~~ II~~ 0~~33U— — — — —  —
/ / ~o ~iaaN

4 
/ I

1 / / ~O~~33M

/ / ~O )I3~M-u ./ f / ~~~O U3M

1 I /

T — — — / i i~~~~3u
/Il/L~~O~~~3M

I / /

— 
/ / ~~~O~~]3N
/ / ~O~~33M 

I / ~ O~~~33N 
— — — — — 

1/s/~~ O xa3M
/ / ~O~~33M

t . — — — — —  
I / ~O~~33U

/ / ~~~~~~~
LU — —  / / d O ~~33M 

— 

U) ~/l1Th~ O~~33M

/ / ~~~~~
/ i ~~~o~~aau

~~
U~~ 1. ~/t /Z~~0 X ~3M

LU / / d O ~~ 33M
~~~~~~~~~~ -• / Ij o x3au

~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

a _________________________ / / ~~~ O~~~~3M

() 
________________________________________

,Lc,I

~

,

~~

O ~ 3IM
U :  / / ~O~~~lM

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
u / i O ~~DM

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / ~~~O~~33M

/ /

I DlI6~ O~~J3M

4, 4, 4.4

(S.VIOA) ~~Y1.IOA ~i~~iaiu ZJaUSI3 ~.njt~I
D-72

-.4*- - .- — . 4 -  .4 . .  -
~
-..4 . --— .4 —.4- 

- -



/ I

.4 
/ 1 ~o~~aa*

C’ —

/ /

— 
/ / ~~~O~~33M— — II ~O U ~M

— 
/ / dO~~~33M 

-

C / I ~O~~~~3M
o w

/ / ~~~O )l33M
I / ~O~~3]M

0
I / ~O~~33N

— - 

~~~~~
_ _ _ = = = 

— 

= = = : / / ~ O~~~33M

ci~~ = i i ~ / / ~~~ O~~ 33N-1 / / ~ O~~~33M .4

I- 

/ I ~~~o~~aaM
I I  dO )133M
I I  dO )133M

/ I
/ / dO~~~3M 

/ /  dO
I I  dO~~33M

— _ — — 

— — - 
/ I dO )133M

I I /
T 

— 
/ / d O ~~33M— — — 1 _ f l — — — — / / d O ~~33M

~ 
~~~ — _ _ _ _ _~~~_ _ _ _ _  / / d O ~~33M

— / I dO~~ 33Ma ~~~~— — -  - — — — — — - - - _  

/ I
— — — _

I / I dO~~33M

4. ~ / / d O ~~33M

/ / dO X33M
a- 

== = : = = = = ii: = = = = = ::~ 
/ do )la3u

/ / dO~~33M

(/) / / d O )133M
0 — — / / dO 133M

< _ _ _: _: _ : _ : _

~ ~~~_ _ : : : : : : : _ _ _ _ _  _ _ _ _ _ _  / / d O ~~33M

_~~~_ _ _ _ _ _ I /  dO X33M
2 .-~~~ 

- —  - —  
I i

: : : : :j : : : : ::: / / d O )13 M
( 

~ - - LU ~~~~~~~~~~~~~~ _ _ _ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ 
/ / d 0 ~~33M

0 !  I / d O ~~3]M
0 ~ /~i.4/ u1IO ) 33M

I - 

___________________________________________ 
/ I do ~~3U

_____________________________________________ 
/ I dO

.4

U I  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I /

~
lX/ bdO
/ I d0~~~i3*

/ / dO~~33M} 4, .44 4.1 a_I 

- 
-

(sfl oA) Z~V1’IO* IUIIG1U 3JI~IIII3 ~MNI

D-23



L / /
4/ ~~I/. dO )133M

- 
/ I~~ ,o ) IaaM
I / dO X33M

— 
/ / d O ~~33M

— 
/ / d O ~~33M

-a S/ ~~II./ dO U3M

/ I dO~~3~M
/ / d o ~~aaM— —  / / i O ~~33M

= = :: = = = = = = = = = / I d O ~~33M

o881 / / d O ~~33M 

t~’o l/ , do ~~3aM
C. 

~ d / I dO~~33M
X Z  - - —  _ _ _ _  / / d O ~~33M

0 / / d O ~~33U 

/ / d O ~~33M
L/9/S dO ~33M

I / dO )133M
/ I
I I dO )133M
I I ~ o )133M
Ii //~~dO
I I dO ~33M 

/II/

~

iO

~

33M

8 
- 

/ I

:~~ / /
I I  dO Y33M
I I d O X ~ 3M

L/ 4I~~dO ~ 33M

~ ~~~~
_ _ _ _ _ _ _  / / d O ~~~3M

‘I 
I I  dO~~~33M 

1 /  dO ~ ]3M
LU / I dO U3M
= ‘ — — r — _
C/) _ _ - - - - — — — _  _ — “)/f/hdO

Q~ !3 
)- _ _ ~~~~~~~~~ / / d O ~~33M

~~
I I  dO ~33M0 .-  .r _ .  - - - _

Cl) — — -  - - - ~~~~~~~~~~~~~ - _ - - -

~ J _ _ .  — — — _  _ _ II dO~~33M
a - I  l / i O ~~]3M

~~

0 
__________________________________________

~

j

~

ZIa

~ 

dO ~IUM
I,, I I dO~~33M

~Ls~~ do ~ 33N
U : I I  dO U3M
.1 I I  dO~~33M

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I I  dO~~33M

I I  dO l3IM
do ~33M

4, ‘0 4, 04 
-

-

($rIoA) *~vnoa ma~~~~D-24
.4 . . -  ~~~- — . 4 .



I I dO U3M

/ I
-

~ — —
/ I
/ /— — —  / / d O ~~ 33U

-a I I dO X33M
— _ —~~~~~~~~~~~~~ _ 

/ I d O ~~ 33M
o w  — — — — —-

‘0 / I dO~~~33U

/ / d O

~

93M
I / I dO~~ 33N= = = = = 1 1 1 1 = = = = I /

— 
/ / d O ~~ 33M

a- I / / d O ~~ 33M
‘4_

C —S i- — — —  —

I I  dO~~ 33M  

/ / d O ~~ 33M

/ / d O  ~33M
—

~~ / / d O ~~ 3]M

J / / dO~~~~3M

/ I dO~~33M

/ / dO X33M
I I dO )I~ 3M

/ / d O

~

3M
I I / dO X33M

I / dO )I~ 3M

— 
/ /  dO )I~ 3M

— 
/ / dO~~ 33M

8 I /
I I  dO )133M

I / d O X3

~

M
/ I dO~~ 3aM

11. IC _ - - - — — - - — - - -
.4 / / d O ~~ aau

/ /z ~~~— — — — — — — —  
/ I

~~~~~~I_

. 
/ / d O )133M 
/ / d O )133M

I I dO N33U 
0 : < 4- 

)- / / d O X33M

~ : : 1 1  : = = = i  I I
~~ / / d O X33M: ~ / / d O )133M

2 - w  U 
/ / d O ~~ 33U

0 !
~~~~~ ~~~~~~~~~ / / dO U3M

- 

~/hps do~~aaM

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ 1  dO ~33U

o ~._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / d O ~~~ 3N

/ I
U I  I / dO~~ 33M

_____________________________________________ 
/~~dO ~33N

/ I dO~~ 3~M

I / I
45 e44 tee Cl 

-

(Pr1o~) a~vrio~ AVZWaL iJIUflZI I0O~~V~
D-25

.4 --f-- - -—.  -.4 - - .  .. -~~-- - .4-- .-- . -~~~~~ . 4 - --- .4



I / dO~~ 33M

Qt /1. dO~~33M
-
~ / I dO~~ 33M

/ I
— — — - — — - 

/ I dO ~33M

I I  dO X33M

I .a 
4, 

L/~tIt dO ~ 33M

RI ~ / / iO~~ 33N
.4II w —

I I  ~O~~ 33M

/ I
I L /I/ IUdO~~33M 

/ I
/ /

O
Z ~/O//9dO )133M
I- -

C. Ma - / I dO~~~33M

-a = .. i... = / / dO~~~~3M

I — —  / / d O ~~33U

~~~~ / / d O ~~ 33M
— = = L ... = - = = = = = = L/~~/SdO I3au

[ / I dO~~33M
F / I dO~~ 33M

I / dO 133M
t / /

ii 

L 

— 
LI l /td O )133M

- / /
/ / dO )133M

L/II/EdO X33M

/ I d O ~~33M 

/ / d O ~~.33M *
1 /  dO )133M

-, / / dO N3aM 
I/~~/~~dO N33M

/ /
z ~ — — _

I / dO~~ 33M

LU / /
= i — — - -  — — _ _ _—  -

C/) ~. — — _ _ ~/1t/2/dO
/ I io~~ aau

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / / d O )I33M

0 / / d O ~~33M

: ~~ . 
~~~~~~~~~= =  ~~~~~~~~~~~~~~~~~~~~~~ == = = =2 -  LU~~~ / / d O ~~33M

~~
. a -  ,.— —- - - - - — —— — - - — - - — - — —

~~ ~~~~~~~~ = =~~~~~~~~= I I  = = : = = I /
0 .-  / / d O ~~33M

~~ ~~~~~~~~~~~~ 
7#~r/QI do~~uM

~ ~E I / / dO ~33M

~; C.) I I ~/J 1IQf dO ~ 33M

/ I dO )IflU

I I  dO~~~33M

- I / dO~~ 33M

I / dO U3N

_______________________________________________________________ ~I9II~~do ~ UM

45 44 (4, (U

(P110*) ~~
yz

~io* All3kTIU 3ØYL’lO* U1Y~H
D-26

- - . 4.---- . -- ‘- - - . .4—- - ..—_-



i = = I = = = = = = = = =~~ / /  dO X3iM

I /r I I
I I dO~~33M— —  
I I  dO~~ 33M-S I — 
/ / d o xa3N

— 

— — — — 
/ I dO~~~33M

I I  / / d O ~~ 33M

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. / / d 0 ~~
33M

- —  / / d O )133M 
—  

I / dO ~ 33U
0~ — -~~~— -  —
0 I I I ~O u3u

I .... t . — — — — — — 
I / dO )133M

I — — I — — I / dO )133M
— — — -  — — — — — . 4  

/ / d O ~~ 33M 
—

0’ I / / dO~~ 33M

~~~‘ / / d O )I33M
/ / d O ~~ 33M 

—

1 /  dO N33M

— _
1

.4._. — 
/ / dO

I / / ~O~~ 33M

— — 
1— 

— — — — — 
/ I dO ~~ 3M

— — _ — —  
/ /  dO~~ 33M

— ._L_. 1~ 
— —  —  

I I dO )I3~ M
- F / / dO )133M

— — —  — — 
I / dO )I~ 3M

= = = = = = = = = = = = = = / I
I — —  

— 
I I  dO~~ 33M

- I I  dO )I33M 

- -  
/ / d O )133M

/ / dO )133M
C. I — —  

/ / d O ~~ 33M

t~ / / d O )133M

— — — — — 
I I dO 1133M

U) 
— — 

/ / dO~~~33M 
— 

/ ( d O I33M

—~~ 
- -  

/ / d O )133M
I I  dO )133M

- -2 .- w ~~~~~.. / I d O ~~33M
f__ a. ~~~ cJ - -  

- -
~~~ LU~~~ 

‘
~~~~~~ - -0 ! 

- - 
/ I dO~~33M

~: 0~~ ~~ 4/k/ //do~~3au
t~~ 

I—~~~ ~~~~ - - - - - ‘  — _ — -_ _  - . 4

~, .  CJ)~~~~ ~~~~~~ / / d O ~~33N

C.) ___________________________________________ 
I I dO~~~33M

/ I dO~~33N
/ / d0~~33M

6/O~~hj O )133M

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

II
- ‘ - I / I i0~~33~

(/4 .44 (4, 4.4

(P110*) 3~)vr1oA 1U2I~~TV. ~ )YL10A U.LV~H

4- D-27



- 
I I  iO~~UM

— 
I ‘/ Z/ b jO~~flM

I I iO UIM
I I d O UIM— —  — 
/ / i0 ~~33M

/ / d O
I a £M gf~ dO ~33M
1 <  — - . 4 — —

1 /  dO ~33M

/ / I O ~~33M
— 

/ / d O ~~33M— — — - — — 4 / I  /6 dO U3M
I I iO~~ 3aM

0 — — — - — — - 4 - --  —
-~~~ / I dO U3U00 — — — — — 4 — — — — — — —  

1~~ I 4/01/ ~ d0 )133M0 _ _ _ _ _ _ _ — 

/ / d O W33M 

/ / d o ~~a3u
/ / d O ~~ l3U

~~~~ / / d O ~~~3U
— 1 

-t I / 
— 

/ I dO~~~ 3M

/ I dO

/ / dO

LI I I+ dO ~3~ M
I I dO )I~3M

/ I
I / I l / E d O  X33M— —  / / d O )133M

8 / / d O )133M

/ I d O ~~ 33M
I- C — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —
-a / I dO~~3aM

I) — — — — — — .4 — — — — — —
dO

I I / d O ~~33M
/ /

—

I I  dO
4- 

U) ?I1E1Z7d0 ~a3u

0 ?  < e n  a. / / i O ~~33M

~ ~~~~~~~~~ - 
/ / d O ~~3iM

- 
/ / d O ~~I3M

I— ~ ~/ f /~~dO iIJIMU) ‘0 — —
z / / d O X33M

U ,.— 
~~ 

.- 
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_________________________________________

~

/ SrIOidO hUM

___________ _ _ _ _ _ _ _ _ _ _ _ _  
I I  dO hUM

C.) ~ 
‘ ~j s/a~dO ~i~*

U: / / d O hUM

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / d O hUM
/ I dO h33M F .

*0/ IS JO 1133*

m —

(P110*) IOV1IOA IVLOU.L 1~IUfl3 ~r1IR

D-28



I / ~O~~33*
I I

—I I /

dl / / i O h33M
I I  dO h33M

/ / d O 1133M
I I  J0 1133M
/ /§ 

~~ 

— 

— — — — — — 
— — — / I dO 1133*

I I  dO 1133*
I / ~O~~33M

04 04 — — - — - — — — -— — - - — 

/ /
/ /  dO 1133*

4, a- I / dO X33M0

— —  _ _ / / d O h33M
— 

/ / d O h33M
I / J O  1133*

~~~~ / / dO X33M

I I JO h33M
/ / JO 1133*

/ I JO 1133*
/ / dO 1133*
/ I JO 1133u

L / / dO 1133M
I / / dO h33M 

I / dO 1133* 
/ / d O 1133M

° 
/ I dO h33M

° / / dO 1133M
Cl I — — — 

E — I- I /
.3 I I d0 1133U

IS — — — — — — . 4 — —  — — _ — — 

I / dO 1133M
/ I dO X33Mz ~~~~~~~~~~~~~~~~~~~~~

.4 / / d0 1133M 
/ / d 0 1133M 
/ / J O 1133M

~ ~ 
0 < a. / I dO 1133M

~ : = = :~~~~=: I I
I I  dO 1133M

~~ ~~41 U) . [ — — - -- - — — — — —- -  
.~~~ LU Z / / d O h33M

~

LU _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / d O h33M

0 ! / / dO h33M

I— ____________________________________  
// ,/IldO h33M

U) 
~~ ‘4 - / / d 0 1133U

.~ C.) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/ / i O h33M

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I I  dO 1133*

- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/

_________________________________________
Js

~~

/

~~

JO 1133*
I / JO UaM
I / i0 1133M

‘4

(P110*) 3~v11OA AZIZI~~1U 1d31Ifl ~
) XI1IB

D-29

.4- cc- .4 ‘.4— .-- - -~~~ - - . - - -~~~~~~~~ - . - -



/ I
.4 - — - — - — 4- — - — _ .4

1./ T/6  JO 1133*

— — I I  d0 1133M

~‘ /  JO 1133M
/ / dO h33M

/ / d O  1133*

— — — — — 

— — — 4/ar/~~JO 1133*
/ / dO X33Uw =~~~=~~~= = = = = = = = = = = = = = = = = = / / dO 1133M

/ / dO 1133M= — r = = = = = = = = = = = = = = = =
— 

/ I d O 113aM

— — — — — — 

— — / / dO 1133*

/ / dO 1133M

—j  —  _ I / dO 1133*
Ma w I  -

— 0  ~ / / d O 1133M 

- 
/ / dO 1133M

I ./ ~~I5JO )I33M
/ I
I I dO 1133M
/ I JO 1133*
I / dO 1133* 

L/ I /* dO h33M

j 
— 

— — / I dO 1133* 
— 

/ / d O h33M

— — — — — — 

— — — — i l l / E dO 1133*
/ / J0 1133M

— — — — — 
I I dO 1133*

I / / J0 1133M
4 - _  .4 . 4 —  — — .4 — .4 .4 — — — _ — .4 — — .4 .4

(4’: / I dO h33U
‘ /+/~~dO M33u

I ~~~~
_ — 

— — 1 /  dO h33M

a- / / dO 1133M

44 / I d O )133U
— 

— — _ — — — — 
— — 

I / dO 1133*

O~ < ~ / / dO h33N

~~ 
/ / dO h33M

0 II 
— — — — — - I / dO 1133*

~~~~ 
‘0

~~~~~~~~~~~~: = : _ _  = = = ?/EIt,dO $33M
LU / / d O 11l3M

/ / d O h33M

~~~~ ~~~~~~~~~~~~~~ _ = = =_ = =  = = = : :  = = / I dO 1133M
~~ / I JO 1133M— — — — —

U; I I  dO h33M

___________________________________  
/ /

__________________________________  
I I  d O 1 133M

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I I  J0 1133M

________________________________________________________________ ~/~ I/~~dO 1133*

‘0 US .4.4

(P110*) 2~~110* U.I1I0 ’1U 3~W110A 10OH1V~)
D-30

. . ~~~- .••~ - - . - —.4- .4 ~~~~~~~~. .4 - . .4 — -
- -4’



I / dO h33M— — / I JO XI3M
-S — — - - — — -S - — - — - _ .4 .4

/ /— — I I  dO 1133M— — —  
/ / d O $33M

/ / d O  1133*
-j / I dO 1133M

/ /

/ / d O  1133*
- = : _ _ _ _ _ _ I /  dO 1133M 

I / J0 1133M
“ I  ~~— - -- - - - - —  - . 400 I / I dO 1133M

/ /  dO 1133*= = = = = = = = = = = = = = = / / 
/ / d O 1133M
/ / J O  1133*

I I / / d O 1133M 
. 4-

I / / JO X33M

I / dO h33M

I I / ~I / /

L L-  I I JO 1133M

— — / / dO 1133M

I ] I I dO )I33M
1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / / d0 1133N

c I / dO 1133M

I / J O  1133*

I I JO 1133M
a- 41 

• I / I d0 1133M

/ / dO 1133U

/ /

I / / d 0 1133M

Ce) I / / d0 1133M

~~~ = == == = = =  = = j _  / / JO 1133M
I / JO~~ 33M

/ / d0 1133M
~~~~.O~ < ~ 

. / / JO 1133M

< ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ = = / / dO h33M

0 / / J O h33M

I I  dO 1133*
2 -  LU ~~~~ I I  dO 1193M

* I ..
~~~~~~

.. 
/ / d O 1133M

LU ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
/ / d O h33N

0 !  
~~ pa ~~~~~~ / / d O h33M

—  

~ / / ~I/1iO X33M
U) / I d0 1133M

I / I dO 1133*
U:

U I / / iO h33M
• 6~~ /&dO 1133*

/ I dO 1133M

1• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/ / J O 1133M

t 45 .44 I~S 0.1

(5110*) 3~WJi 0A IIZ2IO1ZL 3~fl1OA 3a011.W3

D-31

.45.4 ~~~~~~~~~~~~~~~~ - - - .4. - .4.- - - .4- -- .4- .4. -- — —.4 - .4-- - .4- .4 .4 .4 ___-___ 
.4 -



— — ....L. — — _ 
— I — — / / J0 1133M

— 

~/ 2/6~~O 1133M
— 

/ I dO 1133U

I - I / dO X33M

— — — — j _ 
— 

- 
/ I dO 1133M

— - —  1 / / d O 1133M

I ~~ t - 

~~~~~~~~~~~~~~~ 
/h~~4dO 1133M

1 1  / Ij o h33M
I I  dO 1133*
/ / d O  1133*— — 4/ 1 /6  dO 1133*
/ / JO X33M 

/ / d O 1133M
a- — - - 

4’oI/9~~o 1133*0 — r — - — — -— - —1
~~ o 

I I I I dO 1133M== / /
I “ / / d O 1133M_ E _ _ _ _

O~~/SdO 1133*
T~ ~~~~~~~~~ I / d O 11a3M

1. I I JO 1133M
/ . /  dO 1133M

/ / JO 1133U
r I-/ l /+d0 1133M

/ / dO 1133*
/ / dO 1133*

8 
• .1 II/~~ dO 1133*

7 = 1 /  dO 1133M

I I I dO 1133M

2 / I d O 1 133M
C I I I dO 1133M

~

/4/

~

dO 1133M 

/ / d 0 1133M

/ /  JO 1133M0 a, 
L&J~~~ 

a / I d O M33M

I I  dO 1133*

= ~//t/r/do h133M
0 -  < I / dO 1133M

/ / J O  1133*
0

dO 1133* 
/ / J O h33M

.4 .4 — - — — — .4  
/ / dO 133*

a-. I I  iO h33M
0 . -  

/ / d O 1133U
~~~~

- 0 ~~~~~~ - -- — - ‘ . — - - — —
~~ I—.

__________________________ / / d O  1133*

C.) ~ ___________________________________________

~~

LP/G

~ 

dO 1133*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / dO h33M

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / d O 1133M

___________________________________  
/ / dO h33M

I / dO h33M

___________________________________________________________________ ,IQiI~ dO 1133*

0 •eI_el (U 4.4

(NP) ~fld.Lfl 0 131101 ~~ tV1MYS

D-32



I ] / I
/ I dO 1133*
/ / ~~~o~~aau- 
/ I dO 1133M

— 
I I  dO 1133M

— — — - — — — — - - = = = = = — = I / d0 1133M

I I  d O 1 133M

— 
I / d O h 33M

/ / 4 0 1133*

* 
— 

1 / 4 0 1133*
8_ C l  / / 40 1133*04 01_I — — — - - — —

/ / 40 )133*

= I /
a- -~ / / 4 0 1133*0 — —

.4 2 / /  dO 1133M 

_ _ _ _ _ ~~~~~~~~~~~/ / d O h33M
I I  dO 1133*

~~~~~~~ ~~~~~~~ ~~~~~~~~~ / / J O )I33M

/ I dO X33 M= = = = = = = = = = = = = = =I~ = = I I  

_ _ _ j _ _ / / d O 1133M

— 
I I J I / 40 )433*

t / I
/ / d O  1433*
/ / 40 1133*r

8 
— 

I I dO 1133M

7 — 
/ / 40 1133*

0 — —

/ / 40 )133*
0 — —
2 / / JO1133M
C — —I / I dO 1139M

— — —- — . 4  —4—- — — — -  - — . 4- - -— —

/ / dO 1433*

I I I 40 )133*
I / dO )133M

/ / d O N33M

F — 
I I  dO )133M

C]) 
~~~~~~~~~

_ _ _ _ _ _ _ _ _  / / 4 0 1133*
/ / 40 1133*

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / / d O h33U
0 / / 9 0 )133*

/ / 9 0 1133*
2 . - L U  ‘0 / / 4 0 )133*

_ _ _: :_ _ _ ~~~~~~~_~~~~~~~~~~ :_ : / / d O )133M

LU 1 / / 1 0 )133*
‘1 D C — — — —  — —

/ /  90 1133*g ~!~~~~g~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ih/ I I d O ) I33M

I~~~ ~
. 

~~~~ 
_______________________________________ ~

______________________________________ 
I I d0 1 133N

-

~~~~~~ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/ / d0 X33M

___________________________________________ 
/ ~fIL dO 1133*
I / 90 1133*

- - C I I 90 1133*

0 44. pe
US Cl I_el 4.4

(NP) 11)11.00 131101 GUVIflLVS

D-33



I ~~~~~~ / / d O h33M— — — - . 4 _ I—
/ / 4 0 1133*

I I I 90 1133*

I / I 40 1433*
/ / 4 0 1133* 

~ 4/ 4Z/ ~~jO 1433*
I I  dO 1133*

-~ Ma ~~9— - - — —  
0’ ~ / I 90 1133*

~t 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 1 4 0 33M

~~~~~ 4/ I/ 4 dO 1133M

I. ~ / / 90 1133M

4 L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
/ / d 0 )133M

II. 4/O~/ ~~do 1433*
—  

/ / d 0 1433M 
/ / JO 1433M

J I t I I  dO )133M
- / / 4 0 1433* 

— — — — — — — — 1 — —

I / dO 1433U

I / / dO 1133M

I / dO 1133*

/ I dO 1133*

I LI //b.dO 1433*

~1~ I I 40 1133*

I I  40 )133*= = = = = = = = — 
I/fl/ E do

I I d0 1433M
0 - - — —— — — . 4 - —

I / dO 1433M
2 —

~
-—

~~~~ 
— 

/ / dO h33M

/ I
— — — — — — 

LI~~t~ 30 1433*
4-
C 

/ / 9 0 )133* 
— 

/ / 4 0 )133*
~~~~~ 

a - —
~~~~ / / 4 0 )133*

~~~~~~ ~~~~~~~ J I I d O )I3aM

* 
U) - — _ - — — — — — — - — — 

‘~//i7~i~ o 1133*
/ I 40 1133*

— 
/ / d O h33M

0 en — 
/ / JO 1433*

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ ‘/(rndO )133M
2 - ‘0 / / - dO 1133* 

LU / / 9 0 )133*
0!  ~~ / / 4 0 1133*: = = = : _ _  = = = = = =
ISe : C’) / / 9 0 1133*O D
~: ~ _________________________________________I*5

~

/,Id0 1133*
U:  1 / 1 9 0 1113*
U i  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~ 

40 1131*

II I  40 1113*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
j / / 4 0 1133*

tt~(’/~ 90 1131*

.4 0.s ‘0 4,
US 114 (4,

(IP) *1V~ TVI~1S 111145

D-34
‘.4’ ‘ -. - - _ _ _ _ _  - - ,  - -- - ‘



I I I

.1 I I 30 1133*

4 — — — _ 1_ — — — 
/ I 90 )133*

- _-.L_ / / 9 0 1133*
I / 90 )133*= = = = = = = = = = = = / /

-a X ~ / / d 0 )1]3M

: / / 9 o 1133N

= = ::: == == I / 90 1133*

2 I I I 30 1133*
-l I — - — — -
C~ 

— I I dO )133M
-en — - - — — .4—1--a-I ‘4 ~ I I 40 )133*

(4’ / / 30 1133*

/ 1 4 0 1133*
S-CC

.4 .4 — — .4 / / 40 1133*

Si J _ _   
— 

/ / 3 0 1433*

— _ / / d O 1133U

~~~~~~~ 
~~~~

— 

~4_ L _ _ _ _ L  ~~~~~~ / / d O )I33M

I I / 40 )133*

- .J.~. / I dO )133M

/ / 30 )133*

I I dO X33M

/ / d O )133M
/ I

—~— — — —  — — 
/ / 4 0 1433*

— 4— — — — — 
I / 40 1433*

8 / 1 40 )133*

°  
I I  dO h33M

I I  dO 1133*
/ I d O )133M
/ / 40 )133*
I / dO 1133*

I 
— / / 3 0 1433*

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / / d O )I33M
IS - - = - = = = = = . = = = = = = = = / / 90 1433*

1 / 40 1433*
= ‘ - -- . 4- - - - - - -  

‘-
U) .

~~ — 
/ / d O 1433M

~~~ < ~~~~ — _ _  
/ / 3 0 )133*

<~~~~ 
I / dO h33M

~~ ~~~~~~~~~~~~~~~ _  / / dO h33M

LU / / 9 0 1133*
U . / / 9 0 1433* 

— 
/ / 9 0 )133*

~~~~~~~~ 
~~~~~~~~ 1 / 3 0 )133*

_________________________________________
4/ .4/mio 1133*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I I  dO 113lM

~~ C.) ~~~~~~~~_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / 4 0 )133*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / 9 0 1133*

V I I  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/ / 3 0 1433*

t 
~~~~

- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4PS/

~~

I0 h33M

F _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / 90 1433*
/ / 90 1133*

( IP ) nyi~ iv~ois Tmss

D-35



1 1 I / 90 1433*

— 

— — — 1T1 -

— — 

-

— — 61V I’ dO 1133*
I / i O ~~a~*t

— / / 40 1133*

1 / 1 9 0 1133*
/ / 9 0 1433*

4/*t~~ dO 1133*
/ /

Ma —(a) 
_ — 

/ / 4 0 1433*

I . / / 30 1433*

—.4.1 4/ I / 4d 0 1133M
/ / 9 0 1133*

I - -  / / 4 0 )133*

5- — 
4/e li ~dO 1433*

C. - / / dO )133M

-a / / d O )133M
/ / 9 0 )133*

~~~~ / 1 9 0 1133*

IT/S dO 1133*
/ / dO 1433*

/ I d O 1133M
I / dO 1133*
/ / dO 1133*

L/ /* 40 1133*
/ / 3 0 1433*
/ / 40 1433*

L IH / E  JO 1433* 0-- a

I / dO )133M 

— 
/ / d O 14a3M

/ / dO 1433M

41 
/ / 40 1433*

dO 1133*
- / / 40 1433*

U / / 9 0 1133N
/ / 9 0 1433*

— — — — — — — 
I / dO 1133*

U) P ~//t/t,JO 1433* C
(4 — 

2 : < ~ 
— / / 4 0 1133*

• ~
/ I 90 1133*

: ~ •

— — — — _ _ / I 90 1133*
I I d0 113~M

~

0 — — — — - - - / I 10 1133*

0 ___________________________________________W51I.,9O 1133*
/ / 9 0 1133*

0
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/ / 4 0 1133* 0

__________________________________  
/ / 10 1431* A

___________________________________  
/ / 9 0 1133*

- Wc~Y4 dO 1133M
0

N
(UP) PP*1 I02~~~UT

D-36

S. . 4- - . - .4- . 4 c C - - -  ‘~~~~ .
.4 - -



L / / 4 0 1133*
I / 40 1433*

‘a / / 90 1433*— —  / / 9 0 1433*
— 

/ / d0 1433M

/ 1 3 0 1133*
— 

/ / d O 1433U

I I / / 90 1433*
Ma —
‘4 -t I / / d0 1433M

~
-1-~ / / dO 1133M

—. 
/ / 90 1433*

1 I I J O 1433M
A — — - — - — a - - - - — -  —

-~~~ 
- I / I dO h33M 
I / / dO 1133M .4

— — - — - - 4— — -

o _____ 
/ / 30 1433*

C. 

T I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~/ / d o x33M
_______  — — _ / I dO 1133*

~~~~~~~ 

—
~~~~~~~~~~~~

— 
I I I / / dO 1133M

_ _ _ _ _  

I / dO 1433M
I !  

~~~~~~~~~~~~~~~~~~~~~~~~~~~ / I 9 O 1133M
- I I / 40 )133*

_ _ _ _ _  
/ / 4 0 )433*
/ / 40 1433*

- 

I   

/ / 40 )133*
— f —a— 

/ 1 4 0 1133*

- / / 30 1133*

j / I 3O 1133M
— 1 

- 

— 
/ / dO 1433M

= — 
~~~~~~~ 

— 1-- — = / / dO 1433M

e 
- I / 40 1133*

1 — 
I / 30 )133* 

4- I j / / dO N33M

7 C / / 4 0 1133*

L1J~~ _~ 
/ / d O )133M 
/ / d O 1433M

U) 
— 

/ / 30 )133*
o~ < I / 90 )133*

I / / 40 )133*
F 0 / / 3 0 )133*

0 -  ) — — - - - - — — — — - - - —  
I / d o  U3M

2 - LU 
— — — 

/ / dO 1433*a- _ _ _ . _ _
~~~~~~~~~~~~~~~ 

I 5- / I 40 1133*
i / / d O h33M

0 ! - 
I I  dO )133M

* ~~~ : ~~~~~~~~
— — - - - - — - - —— - - - —  9’

O z 41/i / I l  90 1433*
/ / 9 0 1433*

0 ___________________________________ / I 40 1133* ‘
~~

U ;  / I dO 1433M

U I  
__________________________________  

I / 90 1433* f•~

( _____________________________________________

h$/bd0 1433*

F _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/ / 9 0 1133* k
. . . e I I 40 1131*

(UP) 5501 501112551

D-37

. 4 .- - - - -  - .— -  _ _



/ I d0 1133*

~/ Z1 ~ dO 1433*

— I / 10 1433*
/ / dO 143lM
/ / 4 0 1433*

— - — — - — — - = = = = = = / / 10 1133*

— — — — — 
4/4(//,4O 1433*
I I 90 )133*

Ma — - - - — — - - — - — - — — — - — —
VI / / 4 0 1133*

/ I dO X33M

h/ l/h dO x3au
/ I 90 1133*
/ / dO 1133*

h~~l/9dO 33u

I I  dO 1133* 
‘4 -. — 

I / d O 1133M
4 W
i- 0 

— — — — — — 
/ I dO 1133*
/ / d O )133U

/~~/S dO 1133*
/ / dO 1133M

I I dO 1433M
I / dO 1433*

-~ I I 40 1433*

I L/ , /+4 o a3M

-~ I / 40 1133*
/ /

C — — — —  — —

./11/E dO 1133*

/ / 3O 1133M

~

2

/ /
I / dO 1433*

1 
/-P/r do 1433*

-
~ 

/ / 4 0 )133*

U 

— 
/ / 3 0 1133*
/ / 1 0 1433*

LU / / 9 0 1433*
=
U) — — — — — — — _ — — — 

?//1/Z’dO 1433*
2-~ < — 

. / / d0 1433U

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /~~~~~ 0 1133M
0 L~. —  

/ / 90 1133*

~~ = ~~~~~~~~~~~~~~~~~~~~~ = = ::
..ee. LU I / 1 9 0 1133*U ~ / / 9 0 1433*

LU / / 9 0 1433*
/ / 1 0 1133*

‘~~~0 ~~~~~~~
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

___________________________________________
TMZIUldO 1433*______________________________________ / / 90 1133*

~~: 0 ~ ___________________________________________

~

LP/,,dO 1133*

_______________________________________ / / 10 1433*

___________________________________  
1 / 9 0 1133*

___________________________________ / / 90 1433*
/ / 4 0 1113*

_______________________________________________________________ ~løP/ ~ 40 1133*

(-4 N ‘1
(0 o) 1.1)1141 - 235Y151S11 3 a  lOlYflIQ.LLY

D-38

- - - -‘~~~~~~~~~~~~~~~~~~~~~~~ ._~~~~~~~~ -— — . . .



/ / 90 )133*

I / 90 1433*

_ I / d o 1133M
I / 90 1133*
/ / 4 0 1433*
/ / 4 0 1133*
/ / 4 0 1133*

—-  
/ I dO 1433*

Ma - -
-3 ‘4 / I 90 1433*

1 /  dO X33U

/ / dO 1133U

/ / 90 1433*
0 - .4

/ / 40 1133*= = = = = = = = = = = = = = = = = = : 1 /  40 1433*
1 / 4 0 1133* - —
/ 1 3 0 1133*

/ / 4 0 1433*

/ I 40 113aM

I I dO 1433*
~~1~~~~~ 

- -
I 

- - 
I I dO 1433M

I / / 40 1133* 
/ / 4 0  )133M

I i I / 40 1433*

— — — j 
I / dO 1133*

1 I / d0 1133M
I 

— 
/ 1 40 )133*

I / / 40 1433*
/ I 40 1133*

- 
I I 40 1133*
/ I 40
I / JO 1433M

1  — 
/ 1 4 0 1433*

Ce) 
— 

/ / 4 0 1133*

-. / / 4 0 1133*
— 

/ / J O )133M
= -t 
C]) . • / / 4 0 )433*

2~ < / / 4 0 1133*

• ~~ : ~ 
a- I I d0 1133M

U / 1 9 0 1133*
e. LU / / d 0 1133M

~~~
. I— ~~~~~~~~~~ 

- . 4 -— —  —

/ / 4 0 1133*
• * ‘  ~~~ I I-a r  —

LU ~~~~~~~~~~ / / 3 0 1133*
4 0 —  z I  —

/ / 90 1433** 0  0 ’ a~ - —

_______________________________________  
1*/U dO 1133*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I i  dO 1133*

~~ 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / d O 11l2M

U; I I 90 1133*

• ___________________________________ I / 90 1433*

- _________________________________________

4/ ’/bdo 1433*
/ / 4 0 1433*

.4 

. . 
I I 40 1433*

N
(
~
4

( 0010) 11)151 - 3 )NY1.S1 Sn 3 0 101V1)1(Z1.IV

D-39

- - - - - ~~~~~~~ ‘~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _



I / /

I b/ ?/690 1133*
/ / 10 1133*
I I d O 1 133M

— 
I I  dO 1433M
/ / 10 1433*

I _a ~l4Z/~~dO143au
4

/ / 3 0 1433*
1 / d O  1133*

= / / 4 0 1433*
8L 

— I 6 / 1/69 0 1133*
1 / / dO 1133*

— — - 

= = = = = = = = 
— — 

= = / I dO 1133M
h/o l I ,dO ) 133M

C. / / 4 0 1433*
Z 1 / / 4 0 1133*

‘ii I 
- 

/ / dO M33M 
/ / 4 0 1433*

~I~~/5do 1133*
I I dO 1133*

/ /
I I I 40 )133*

I / I 40 1133* 

— — _ _ — — — — — — _ — 
I i i I~~dO )I33M

/ / dO 1133*
I / / 40 )133*

~I l I / E  40 1133*
/ / dO 1133M

0 - : - — -  - — - -—  

0 I / dO 1133M 
- .4 — - .4 — 

/ / 40 1433* —
41. — — — — .4 — 

/ I dO 1133M

~/$ ,rdO 1133*

1 / / 4 0 1133*
I I dO 1133M

—
/ / 3 0 1433*
I I  dO 1133*

~C/ / ( I~l 90  )133M
2 _ -   — / I dO 1133*

/ / 4 0 1133*
0 

~~~~~~~~~~~~~
_ _ _ _ — 

/ / d 0 1433M

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
LU ~~~~~~~ / / 9 0 1433*

*: I— ~~~~~~ 
- — -  —

/ / 9 0 1133*

~ ~~~ = = = = i = = = = = = = = = = = = = = =  / / 9 0 1433*
0 -  I I d0 1133M
~~~• 0 ~~~~~~~~~~~ 

—
0 s... ~ ________________________________________________ ‘~/ 4~zIQ, dO 1133*

I * 1  0 I

I 1 . - c. U) .j I I I dO 1133*

I ~~ 0 ______________________________________________

~

/J

~

/O/d0 1133*
U :  / / d O )133M

I R I  
_____________________________________  

/ 1 4 0 )133*

___________________________________  
I / 4 0 1433*

I ~ ___________________________________  
/ /

___________________________________________________________________________ ~/ Ql/~ dO 1(33*

+ .44 —
r4

(0040) 10411)0 — 331111.SIS21 3 0  1OIYONZUV
D-40



I I / 40 1133*

I / do 1433*
/ / 1 0 1 4 3 3*
/ I dO 1(33M

/ / 9 0 )133*
—

Si I / dO 1133M
4 -- .4 

I / d0 113]M
/ / 4 0 1133*
/ / 4 0 )133*

8 1. / / 90 1133*— — -t — — — — — 
/ / dO 1433*

= = = = = = = = / / 4 0 1433*
1 1  / / 3 0 1133*

C. 

~~C(4 
_~~~~., 

/ 1 3 0 1433* 
/ / 4 O 1133M
I I  dO 1133*

4 1 t / / 3 0 1433M
/ / dO

I I / JO 1133M

_I 1 — 
I / 40 1133*

J I I I dO 1133M
1 I I dO )133MI I j / I

I I dO X33M

.11 / I dO 1133*
I f  40 1133*

~~ 1_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / / d O )133M
I I I / dO )133M

_ L _ _ _ _ t = = = == / / 4 0 1133*
I / dO 1133*

I — —  — 
— 

/ / 4 0 1433*
/ /
I I  dO 1133M

=
LU~~~ 

— 
/ / 3 0 )133*

U) / / 40 1433* 
— — — —. 4 - —

c i  < 4 1 3  / / 1 0 1 1 3 3*= == == = ===== == = = = I I
0 1 / 4 0 1133*

a- / / 9 0 1(33*
LU I I

U I —  h..— 
~ ~: = : = = = : = = = = = = = = = = : : = ~ dO 1433*

~~~~ ~~~~~~~~~~~ / / 9 0 1133* 

I— ~~ — — — — - — — ~ / .i,/ii dO 1133*
U) / / 4 0 1133*

0 ~ 

— — - - — — I / 90 1433*
U:  I / dO )133M

R I  / / 9 0 1433*

_______________________________________

~~

M/ &dO 1(33*
/ / 1 0 1433*

.4 

- / / 90 )133*
en —

I
(51140) 10111)0 - 3314V1S1531 3 G  IOIV1)NLLIV

I
D-41



- ___ — = = = = = = L = =1=1:1= = =[ = = I I  90 1433*—1— 
_____ 1 - / / ~~ dO 1(33M

I - I / 40 1133*

I 
— — F - 

— 
I / dO 1433*- --T I_ _ f ——-
/ I 40 1133*F 
~ / 90 1133*

2 I / I 10 1433*
0 — — . 4 dO 1133*
C01~_I

/ I 30 1433*

/ / 40 1133*
~~~~ Ii. 6I~’I ~ dO )133M
S- men — ---.~-— - — - f - - — — -  - 

/ / 9 0 1133* 
/ / 3 0 1133*
/ / dO 1133M

LI ~~~ dO 1133*
1 / I 

/ / d 0 1133M

_ __ J _ _ _ _ _ 1 _ / / 4 0 1(33*

I / / 40 1133*= = ~~_ _ _ I . _ _ _  X L I  / 10 1(33*

— 
/ / d O 1(33M

1 / / dO 1133M
— - - - — - - - - - - - 4- - - — — p - — — 4 — — —  

Q1i / : d O  1433*

1 
— — 

/ l d O 1433M
- I I dO 1433M

_ / / d 0 1133M
I I 90 1433*I_a — - - -  — —  

~I~~/ d 0  1133*

I / / 9 0 1(33*
/ /

~~~~~W / / 9 0 ) 1 3 3 *
. - - - - — —  — 

U) -
~~ ~/ lr/r ,9o 1433N

< en .~ / / 9 0 1433*

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I / d O 1431*

— / / 4 0 1433*
~~ 

~U~/r,dO 1(aaM
2~ LU I / 40 1133*

LU 
~ ~~~~ _ _ _ _ _  1 / 9 0 ) 1 3 1 *

• ~ / / 90 1(33*
~~~~‘ 0 ~~~~~~~~~~~~~~

- - - — — — - - - - - — —  

I— ~/~T/~,d0 1133M
Cl) Si /~~~~ J O 1( 33*I~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _U;  / / 9 0 1431*

i i  _________________________________ I / 40 1133*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
/ / 9 0 1133*
/ / 4 0 1431*

- 

- ~b~’/~~d0 1133*

VI ‘0 .44 01 0 VI (C— en en — —

(5435032$) 32I~ Z.UtsIl3V 300IUVD
D—~2

.4 -~~~~ 
- -~~~ .4 S.4.4~~~ ~~~~~~~~~-.-

- .- ..-

L. -



- ______ — — — — [ F — 

~j_ r T  — 7 — — I I 40 1133*
- __  -~~~~ ~~~~- - - -  - - -

- 
I I .  / / d O 11aaM

a I / / Jo )1aaM
r — —,-— — -.—4—— —i- —
- I / 40 1133M

I - I / dO 1133MMa ___

- 
— : - — — — — 

/ / 90 1533*
- — —  — —  — —  — — —  

/ / 4 0 )133*
4 - — - - 4 - — — - — - - —  -

I I / I d O 1433M= = ~~~~~~~~~ / /

2 / I d0 1133M
O — —?--- — - - + - - - — - — - - —  —

_ _.I_. _~~~. 4 _ _ _ _ _ _ _  / / 4 0 1133*
~1 1 I / dO )133M

— —a— — —‘— — - — - - - — 
- I I 40 1133*O~~o __ __4_ _ ___ _ _  — - -  I

222 4- - - 1 / / 4 0 )133*0 — —-t—- — - — — — - — - - - — — — — — - — t — —i-—
- I I I  40 1133*

— 
IC. I — I _ _ _ _ _ _ _ _ _ 4 _  t 

/ / 4 0 1133*

~~~ ~l I - — 
- . 

- / / d O 1(33M
- . I / dO 1433*

_____ — = = = 1=4= = ____ _____ / / 40 1433*
I - I I 40 1133*

- :  -
- I . / I dO 1(33M

I - --+-“ -- H - - -?- - i l  -
- - I I ~~I - / / 40 1(33*

— —1— — — 1 — — — 

El  
— 

/ I dO 1433*
- 

_ - 1-- - - .41 
- - - / / 40 1(33* 

I / / d O 1133M

0 j / / d O 1l33U
01 

_ _ _ _ 4 1 _ - _ t — _ — — — _  
~~~~~~~~~~~~/ / d O 1(33M

- — — - a — - — - - —  
o I I / I d0 1433M
0 — I -

2 - 1 / I d0 1433M
a- - I _ —

~
— — — — — — —

; .~: 
I I 40 1133*

.4 ~~~

_  
/ / d 0 1133M

—  
/ / dO )133M 

I / / 40 )133*
/ / 9 0 )133*

LU  
— —  

I I  dO 1133M
2 

Cl) -
~

O < a-, ~ _4 I I / / d O )133M
.4 ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ h 1  / / 4 0 )133*

/ / 40 1533*
0 0 -  41 a- ~ / I 40 )133*

- U) -. (a 
LU z / / 4 0 1433*

-- / / dO 1133M
• 

~~ ~ ,J = = = : = = = j ~~j = = = = = = = = = =  / / d O )123M

~~~~ 
‘-_

~~~~~~~~~ / / d ~~ 1(33M
~~ , ~~_ _

F ~ 
S/ 4/sidO 3aM

/ / 9 0 1433*) 
~~~~

‘ 0 / / 9 0 )133*
U 

— 
/ / d O )133M

U / / 90 1433*
4

~

t//

~

d0 1(33M

- 
I I / 90 M3M

_ _

i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

J / I d0 )133*

~ i c r

(SaN -~ ’ic ~ \~4 .U4~~111~ 
- r 5 1 V

— — ‘  ._ .4 -~ -



r

-I

41— 5-

-41

-ta-a .  .4
z C) 

~~ 
F.l F. 3) =

Si
4 a-i en -

~~ 
~~~~~~ -~~ — — — — — — — — —

C. 
12 -~~ ~~ ~ ~~~~~~~~ ;i ~ 12 00 1  (a. 2 -~~ 

-~ -;

0. — -IS ‘4 ‘4 ‘4 .3 US - an

o F. .3 rj I-I
‘.4 . F . a n 0 s  an c

F- (‘4 an ‘4 F. 0’ .4 ‘3 .4
F. F F -~ r.1

-~~ cc. —
— —.4 — — —_ _ _ _ _  0-.4- 0’ ‘3 -3 en 430 ~~~~~~~F- ’ 4 0’ 4~~~~~. 4 . 4  

012 _ . . .~~~~~~~~~~~~~~~~~~ . 0
‘3 a’ - 00 

4.1C 0 O~~~~~~~~ F~~~~~~~~~!

0 _
~~ ( ‘ 4 ( ’ 4 ” e J F . c . .  —an an — ‘4.12 — — — — — —— . _ — _ __ _ _ _ _  °413 

I F. 4 aD 4 F,4- - -‘ F- ‘4 0 ‘3 an a’ 0t~ 14- ; 0 a -~ a’ F. a’ (~4 US 1-II ( ‘ 4 3 ) ( ’ 4 ) ’j F. ‘C 0L~ 
F’. 

1-3
a-’ 01

II) ‘ 4 4 1 ,

~ t 0
z 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1-hI— c-i

W~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

*4 .4 ’ a

.4 a

~~~ ~~~~~~~~~:
- -v - --  

~~~

°~~~‘I—~~~ ~~~~~--  _ __

.4.

d en

~~~~~~~~~~~

~~~~~~~~~~~~~ ~.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~II: 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ E

__

i n i

~ 

IJI III IIIU!Ii:I — 

I;

.4 D—44

— ‘ ‘ -~~~~~~~~~ .4



RENCII FLINCT IOWA I. TEST DATA

I OW LEV El, Li. I’1, TLS I L1AN AND PROCEDURE 
—

S IEC :  LTPB 200300-/40 ()

SERiA l. NO. 12—2
..._I’AGE 1 of 3

. [aEC
j ’ARA ~~ - ‘I ESI  I)ES1CEA I’ I(1N - SPEC 1.) 111 TS

DIN I l-lUl’l MAX I M UM 0 ~9~~y 5115? HoUR~
6 . 1 (

~A 1lR)PE ACT IV I I ?  , SECONDS 6. 0 I/ L/ 11.5 10.11

.2 COMMAND s1(;NAL

‘- .3 INEtISLI (;I’NREN-L’ I
a)  T I M E  INTI-ICEAI. is;; , i~~:3IIscc , AMP— SEC . 003 1 ~oosc 0.o.~ O.o•Z
b) IIU ;IX , Ai-IPS 1.S 1.16 

~~~. ~~~~
c) I W flit [N 31, Iss AT 1St) SECONDS ~~~~~ ‘—‘‘ ~~~~~

.4 INPUT A N I )  OUt PUT RE FLECT TON , VSWR I
.1) UI 1,1: l’IO’ ( l I n t)  1 .2 5 :  1 1.10 I. O~ I. II
b) O [r Fp ITT ( C I  ) l ,D ) 1 - 25 :  1 f_ Fe 1.06 1.11
c) INN)’ ! (COLD) I 1.25: 1 f i r  i. ~~ 1. 11
c-I ) INPUT t, II OT ) 1 .25 :1  ,_ f$ I. 2’f 1.11

5 SAl  IIRA1E I) PoWI-~R OLIT PItT
a)  1EI~Et-II~ II’~V VOLTAGES

I) [U I’l l’ CUR RE NT T ID V I 2. ~~~ 2.21 ~ .23t
2) CA l ’ 11( 11 IN CI It RE N I T  I M V 3.~~ $ 3. cli 3.~ 66

1 3) t t i ~vj - i i ~ VOLTA(:I; ii~r-i V I 2.~~I3 2-~ V3 1.611
4 ) I it: r. i~

, (IIIII EL NT i I .N V 
~

_ t19 
~
. t~~~ g . toy

5) CAT IIOIIE VO LTAGE TEN V I 2.9,1 ~~~~ ~~~~b) P (SA l’ .) , dBm 27 ~~~~~ 2’7.’~~ 91.30
I 6 S~\ II’R.\  I l l )  I’(’(-!I’ I~ OU’FIIIi ,\Nl1 I.NI’tiiI I’~ tJI- R \ : : . t~~i iri- \‘ ll IA(;E I

a)  ~~i I l  - I - ~ I~l ix: I
- 1) I’ t : ; 1~~r .) • dBm 2] 2t3c 22’i% al.3o

2) 1
i’u , AMPS 

- 

I ‘2.11 • £10 0. Zl~
3) i’m (DL :) , WATTS G.3’l/ ~.qq ~ .39l

- 
b) V i n  ‘— 33 I - SY i)C I

- 1) I’ (5~A I ’ .),  dBm 27 31.3ç *~~IfJ 29.31
2) l

”
I I  , AMPS I •“ I,,.? ~~ei~~(

r 3) P in  c I C ) , WATTS 
~ 45 ~ 4~$ 1.SDI (,.43

-.4 -- - ~—r-:—-- ..~__- _.4.4~~5.4 c.4 •~~~~~~~~~—~ (a_.4



S/ N 
_________ I’:sg ’  2 of 3

LI lEST Dl- S I GNA’I’ I ~ N S I’EC 1.1 Mi ‘IS DATA 
—

MI N iM UM MAX 1~it*t 5~j ,~j  OUP.S
6. 7 S NA 1.1, S 1 C Ni\ L CA I N -

a) ( ss  AT P lOcilt BELOW P (SAT .) dB 35 I ~~~~~~~~~ 31.o3 U~ 33k

b) STEPS 4 AND 5 (SEE AT1’) I ~6 .7.1  (;A 1rJ St.O1i . , dB /Mhz
a)  V i n  - 1i3 -I . SV DC I

1) / j . : , I;  
— 

Li) f 2 I 0. 015 0.0012 O.ooj ).0o3
2), (1; :; I~~ i c -  1 3 0 .030 o.OoZ 0.007 0.0033),  Gss I to f 0.0302 6 I e.~~~Io.00f * 0*3

b) y i n  = 23 ± . 3V  I)C
1) .  C s s  ~~ 0 015 0.~~ 3Z o.~~ J 0.003
2) : ’ C;; ;; to 0.030 o ,ot .0 0 2  O.oo3t3)~ ’ (; ;;;; I. to 1 0.03 02 6 G.eel e.ool o.eo

c)  V i i i  = ‘33 ‘ .SV DC
1)1’ (~;;s I lii f~ 0.015 O.oo3Z o.oo3 ..eOl
2) ! (~~s Lu 1~ 0.030 0.002 0.002 0.003 1
3) AG 

~2 to  14 0.030 a. 001 0.00/ o.oo3l
- 7. 2 GA [N FlATNESS

a) V i i i  = 23 L 5 V  JIG
1) GA LN VAR [A ’ [  I O N  1~ Lu 

~2 
dB ±0 .2 ±0.1 Zc.’.~ç ±o.13 ,

b) Vin  ~
- . 5\’ DC ‘ 

—I) GA I N VAR L AT TON I Lu 
~2 dB -ID .2 ±0.1 ±c~.l~ ± 0.15 ,

c)  V i n  33 5V DC I ~ ,~~

- 

~~o.i31) CA IN VAN JAT ] ON Lu f 2 , dB ±0. 2 0J

‘4 .8 NOi SE F IGIIItE I I

a) N .F .  , dB 25 2I.~’~~22.o 2I.~~.

4.9 iN TENMOOI ; I AT [ON 1)1 STOR E ION

1) I . N . 1) 15 I l  (N T I ON dB 28 3 0.0 !l.~ ~ 9- ~~
‘4 . 10 ‘I INC I’LI. -\~ i) ISIOE I ION

a) i - 
I ) . I

i 
I i i  ‘ 1 () . 10 O.OC 0.0, 0.01

AN~ 101 (lIZ LI NEAR I N I  i EVA !. , no/Mh z

b) T. I ) . 
2 

0.01 0.oo3 e cog 0.0ol~PARA RUI IC I’OE ’[ [ON ( I F  CU R VE , ne/Mhz
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3/N
______________________ - l’agc 3 of 3

- i
~~ # 11 :51 ’ l IES IGEA ’f  I O N  

- 
S lEC Li r’U TS 

________________ ~~~~~~~~~~~~ 
—

M I N U I L I N
1 

WIX III1IH 

- 

~~~~~~~~~~~~

11 PI IA SI: 3111 -‘1’, I REQ . t 0. 
-

+l4c JBn, - p 
~, +23ditru , °/dB

a) +21. 75d 8m - —. +23dBin 2 . 0  0.’d o~~ ~~‘
b) + l ld f ln i  l’c-, +21.  7 Sdttnt  

I 1.5 0.C.G 
~~ ?o 1.Z~

c) +14c- I I~ i p
0 

‘ +17d l~iii - 1.0 0. ’/ ~ 0.10 o. ’7f
6. 12 STA It TL II ’y (MI SI ’IATC II )

NI) P VEIN-I  1 ~: I JT AND UI ITPIJT I
OT ILEI ~ ‘i’IIAN iNh ERENT NOISE

13 SP UR 10113 OUTPUT
( ;OIIEIU - : N1’ COMP ON ENI S

a) i’~ ( I L A R N O N I C )  , dB 13 2ao 2o.~ >2Zi

— 13 . 1 S I’Uh ~ 10(15 OUTPUT
1NcoII1-~RI- ;N ’1’ CO~-iPO NE MI S

a)  p0 (N ON—II A IU-I ON I C)  GO dE BELOW 1-UNDAI-IENTA L / ~/
13 .2 S II’R lOt IS Oli J ’PUT (AN ) 

1/ 1.7 —

13 .3 S PLJR 1 OIlS I(I [ I’LIT (11.1) / t/’ 
~~~~~~~

-; 
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~ 4 fl P4 0 05 0’ 0’ 0 0
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Cd 64 fi. V’ In PS 0’ —6 6
0 PS Cd 0% 0 ‘.4 -

Cd - Cd “1 .1- C 0’ 0’ - -
—. ‘1 4 ’ 4

-~ • — Pd PS Cd .4 P4
P 6 -

$ P S

V’ 0 ‘0 0 P4 0’
P 0 — r” .4 PS —

~~ 

C —4 P1 tI 0’ C 0’ 6 66
- 4 1  -

g ~~~~~~~~~~~~
.44 1% ‘0 ‘0 C 6fl —

~~~~ 0 V” —. —6 0 ‘4 ‘4
P P1 ItS 0 0 0. 6 ‘4
- 4 - -I
I.-. • — ‘1 1-5 ri r. 4 P
— . 6~

~~ 

‘I n

0~ —

~~ 

6 4 f l f l -V’4 In
.1 0 ‘0 -‘4 —. In —~ 0 -

4~~~ — . 6 4—I— 0 0 f ’ — 0’ — PS ‘0

~~ 

. 0’ 0 fl 0’ 0 0t i n  4 665 P.6 In 0’ 0’ 05 0
—I •~~~~—I • _ P1 fl Pd — ci

— -. r- — (fl 0’ -,
0 , ” 0’ — 0 ‘0 0 0 C

0’ V-I In 0 C 0’ 01 I’ 

2 6) r I  In fl ‘4 P.6 ~.

0s ) —- -~~ - - - - - - - - -
‘64 P. In 05 In fl ‘P

C’ 0 0 0 fl 0’ 0 0 C
- P. fl In 0% 0’ 0% 0’

0 4
0’ (6 5s ‘I fl ‘4 .‘5 P4 V’
‘0 Ii P4 -.

‘
.4-.

0
‘-I V’ 0’ ‘0 0 0 4

fl 0 0 0 0% fl 4 -
06 fl In 0’ 0 C -

P4 fl V-~ In -

~~
‘0 .

Cl 0’ 4) Pi ‘4 - 4

5 ‘4~~~~~~~~P4

Cd — — — — — — — — — — — — — — — —
•S. -5 0~~~~~ In (‘4 In .6

- ~~ 0 0 ‘0 ‘0 C C
a 0’ .4 In fl In 05 0’ C C P

.0 4)
6) V-i C’ (C In ‘—I V-i P ‘1
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~~

~ ; 
‘-

0 “~ ‘4, ~
In In - ( ( C In
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C — Pd 6)6 .0 .0 C

$ .0 • I C

Cd

— VI ‘0 (6 0 ‘0
‘0 — — S. — I

d ~~~~~~~~ I

I

~~~ 

— Cl Cl Cd .-I 06 6 I
N .

-

Cd Cl C~ 

~~~~~~~~~

C C d P S P 4 I n P 4 I  -~~
61 

0-.
-

~ I PS Ci 01 6.4 . 1  Cd I p

. 4 1 %  — *

— 
0~~~~ P. CC 2 £ ~.0 4 A’I ~~ . - . I

.
In PC Pd ~ I Pd C S( I S .  0) p

“I Cl 0’ 0 0 ‘0 01C In — CI .6) — 0 C
In 1)5 0% ~~ 6 ) 6 1 %  6

C ri Cl Cl — 14 I p
-0 I- -. - - -- - - --
~~ 

~~

~ 
Cl PP Cd — In 0 1

8 — —--
~~~~~

— — — — — — — —
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(4 1. I, -. P In I

0’ 11 4 0’ I - C
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~~ — —  -
Cd

01 — V I I

~ I

L~::: J ...
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~~~~
::

~~~~~~~~~~
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~~; 3 ~~~~~
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Pd ItS ‘0 C 0’ 01

~~ 
Cl PS P4 Cd C C

0. .0 P. C 1%
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14 ~ ~ ~ ‘ 6 ) .

~~ 
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— —
~~~~~~~~~~~~ ~~~6 1 s. en 4 PS C’ ~ C ‘
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‘I n

-
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S ~~~~~~~~~~~ 

—

• V’ Ci c 0 C C
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C C .
0 

‘0 Ci PP PS — VI

Cd

Cd S I P d  0%
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QI C C Cl #5 .0 5ii
(lCd

6) C Ci 0’ ‘0 Cl
Ci 4 Cd Pd VI C C (II
.6-C • .~0. S 

— 
11 01 Pd In Cd 0

ii ,
5 ~~ P6 P5 P6 4 Cd C S
C • C 1  Ci I

3 I n

0 15  .4 .0 Cl P.- 0
— 1% Cd 0. Cd — 0 4

‘0 41 %  Cd .1-6 C C 05 14

~ 0; 1 — C’
C 3 6 - i  I.-. I

0’ ‘0 In 0 0— V’- 11 C CI -4 .15
C . 4 ) 0  Cd 61-P C C 05

~~ 
-
~~ 

0; 0; ( - 0;
0’ 3 I’d Cl
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I Cd I’S 0’ 5 ~In

~ ~~~~~~~~~~t;~ ~~~~~
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Cd 
I’d 0, 0 .4-. C C

p 4 
~~ 

V’S In ‘0 0’ 0’ 0

P4 P~ 14 .1 ~~

- ~~~~Cd

‘0 ‘0 Ci — P. — C
Cd 1)5 C P . O  P

P4 — 41 — ~~ PS 1”) “4 1.4 ‘0 S
—I — Pd P — — —CI

0’ PS 0’ 0’ — 0 C

~~~~~~~~~ 
.
~ ~~ ~~

.~~

4
~~ I’d CtS 0’ 0’ 0’ —

I 9  ‘4

H ,
‘0 .8 I’S In 05 0’ 0’ 0’ Cl

2 ~~~~~~ ~~ ~~ ‘4 C-; PS C
3 m  I’d Ifi

P. — 0 0 Ci 0 0P . 4~ P ‘0 0% I 0 0 - i

‘0 41 0’ p~ PS P.6 rI 14 P. 0’0 4) (%) C’
- “ 3  .4

P. ‘4 — 0 — 0 0p~ I ° ~~ ~ “~

12 — I’S (‘5 Cl In 14 Cl

-4 3 P S

S — - — z 
-6) PP ‘~~ ~~ ‘0 C S  0 0’ P4 0 0

~~~~~~~~~~~ “ 4 1  ~ V-f I_f
Cl -~~ V-P P4  In ‘0

S 14

P4 — — —
• ‘4, 1’

,-, ~ 12 12 2 2
P. 4 -
— I) C’I ‘In c i  — I’d 0’ 0’0 45 I’d PS

ti
Lii i ‘ 1,
=~~~ I~~Cl) —’
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~~~~~~0~~~~~~~~~~~~~~ -CO

I
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S

5
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— — ~~~~~~~ — a — — —O p.

~~ ~~ ~~. ~~ ~~— Cl PS Cd — P-I

(I Cl
O 0 — (65 0’ Cd 0

~ “41 1 — . -:

P’S •~~~~ Pi PS P’S .4 Cd Cl

—

I— 0 
~~- P. — C P.- —I 0 0I’S I C P S  0’ ‘ 0 . 0

2 ‘.~ ~~ 1 Cd — P.4 PS I

.0 ‘0 
Ci I .4

~~ ‘0 I’d 0. — — 0 I

~ 1 ~ 
0’~

I’d P1 01 Cd — Cl C I.0 
~ ‘0 

Cd I 

O N ’
0 — ,~ — I’- 0’ CS .1% 4

-
~ 0. 

Cl In C PS 0% 0’
‘.4’ ‘4 ~- ‘4 ‘4 ‘4 .4
‘0

0 P. Cl P. ‘0 Pd In 1 .4

~~~~~~~~~~~~ 
6’f 1~~~ 

‘
~ ~~‘1-s — CI 6-5 rI * Cd 15 6

C d l

8 I’4 .4-0 0 ‘0 PP 15 PS I 0 4
‘0 (‘I VI C ‘0 06 0 - .4 

PP ~ — Cl PC C’i —

5
Cd — — — — —• C r,
0. .~ 0 .0 14 4 — I
~~

P.4 01 Cd — I’I I I

2 ::~~~k

~ v i
~~~~~~~

~i:
& I t  I ’ ’ I ! ! 1 1 ’’ 1q f
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BENCH FUNCTIONA L TEST DATA 
-

FINAL TEST
LCM LEVEL LIFE TE ST PLAN AND PR OCEDURE

SPEC: LTPB 200300-400
SERIA L NO. /.2 - 3

— PAGE 1 Of 3

II- 4~
- 4’??

FEC . -

PARA # TEST DESIGNATI ON - SPEC LfMITS DATA C OMME NTS
MINIMUM MAXIMUM (UNITS)

4 . 1 CATHODE ACTIVITY 6.0 SECONDS

.2 COMMA ND SIGNA L

4.3 INRUSH CURRENT I
a) TIME INTEGRAL > Iss, t=3msec .003 7 AMP-S EC
b) Imax 1.8 AMPSc) I WIT 11it~ ~~~ iss AT 150 SECONDS I

‘V .4 INPUT AND OUTPUT REFlECTION

a) ouTPu’r ( HOT ) I 1.25:1 1. 13 : !  VSWR
b) OUT PUT (COLD) 1.25:1 / ./~~; /c) INPUT (COLD) I 1.25:1
d) INPUT (HOT ) 

J 1.25:l / . o~~~ j
4 .5  SAT JRATED POWER OUTPUT

a) TELEMETRY VOLTAGES VOLTS
1) INPUT CURRE NT TLM V I ~~~. 2 (77
2) CATHODE CURRENT TLM V
3) HEATER VOLTAGE TLM V I 2. 9’I~é4) HELIX CUR RE NT - 

TLM V 1. 2 0/
5) CATHODE VOLTAGE TLM V I .3.9~~ 0

b) P (SAT.) 27 27.50 dBm

4 .6  SATURA TE D POWER OUT PUT A ND INPUT
POWER VS. INPUT VOLTAGE I

a)  Vin = 23 +.5V DC

1) P (SAT.) 27 
‘ 

Z7-~~~~~~0 d I3mf 2) I~ n 
I 0. a5~/ A MPS

3) Pin (DC) - 
~~~~- . ~~ WATTS

b) yin = 33 +.5V DC - - I
1) P (SAT.) 27 27. 50 dBm
2) u n  I ~~~~

. ,go AMPS
3) Pin (DC) • 

~~~~
‘. c74 WATTS
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F

S/ U 
_______ I~;t~~s~ 2 ol 3

________________ 
I I~~.l I)I-:sl(:~1A -rlt )u si’i’;(; i.i~ii’i’~; DATA

________ —

MI Ni 111!f’I 

J 
1-LA X I i’ll!M 

~ _~Zsç io ~~1!1~ 01*5
4,7 SIIM.I, S IGNAL GA IN

a) GSS Al’ I’ 10d B I~I~J.(M P ( SAT .) , dE 35 I ~~~~~~~~~ 3$~fl~ 3~ .2 ~~~~~~~~

b) S’I’E I’S 6 A ~:i 5 (sI-;K AT I’) I “ “ “I . 7 . 1  ( :A IN  ~; I , u I ’ I .  , dB /Mhz

~C I - 
C~~~ ~c I

1) / , ( -  ‘ : -  I~ to  t ,~ 0. 1) 15 ~.~~~ SJ0.0o, ~~~~~2 ) ,  I
~ 

t o  0 .030 
~~~~ c..ouf e.oo~~(3), ~~~~~~~ t,o o o3o O. oo/ 

~~~~~~~~~~ 
0.0011 

-~1)) V in !- 3V DC
I )  ( :~~ ; f 1 I C C  I 0 .015 o_

~~~sro .oc4 ~~~~2) :  ( ‘ . -; I i 
LI ) 0 .030 o.oollo.oog ,.oo! 

-

3) ,  (:‘ .~ ; 1~, 10 L, 0.030 o.o01 9.001 ~~~~
c) \~ i n  = 33 ± .5v oc

1)/  ( :;S I ( ( C  (L015  7.~~~fl O.oc_~ ~~~~~~~~~~2 ) /  (~~~~~~ ; I t o  0 .030 0.0o, o.oog 0.~~ q i
3) AG t o  0. 030 0.00! 0.0.1 ~~~~~~ .4

4 .7 . 2 CA LU HAL UESS

.3) C ? j ~~~ -~ I .5V 1)C I
1) ;A IJ-~ VAUL A ’I l oN ~~~ 10 

~2 ‘ - 
!0 .2 ±o.,~ .~~.212 ~~~~~

b) V 111 - . 5V Dc
1’~ CA I N  ‘~A RL A ’ 1 ION L~ 10 1 2 ) dB ~40 . 2 ~~~~~ ±0.12 ~Q.lt

c) Vi . u = 3 3 . 5V D(~ ‘

1) (:A lI I  \ ‘AILIATlOU Lu , dB 4 0 . 2  *0 .!, j .~ ci.lZ ~O.IW

6. NO I SI- I~ i(:I~RE Ia) U .I’~. dB 25 20.3 22.0 2.1.0

.9 1NII- I~~~)I,I’I.A’I’ LOU DI :;‘L’ORT ION

I .‘i. D I~ ; I ’ uU I’ ION 
, dB 28 294 ~~~~ 2~.o —

‘e .  11) ‘l IME 1C E I . A h u I) I 1 OR’l I N

a) ‘I’ .”. I N’ I , ~~ 0.0013 0~rj , ~A NV I 011117 4 , 1  1—J l~AR I N’J’I~ I~ VA I. 
, ns 1Mhz i —

I)) T.I). I~ ( I I  i~, 0.01 0. wi3 o.o~ ~~~~PAUA US 31 , i i: l’t~I~I’ [ON (SI- ’ (I IRVE , u s/Mhz2
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1 1~~~~1.(, ,A ’ I lM~ ~-‘ I ’ I - C I.I~ I?’IS 
___________ — —

MI:NIMII’1 
t h

IthhIN 0 Zooio S~~2’1 tOURS

11 Ph ASE 5~j I ‘- ‘1, FREQ .
+ [4cI h~~ - I’ ., -C- 23d 11 u , °/dB

+21. 75dUni - 
- I’~ ‘ f23dR,n 2.0 1.2 /.o o.~ 3

Is) -t I 7sI l ~w 1’ I 2 I~ - 7 5d~ 1~ 1. 5 
~~
. 2 . 9~ 2.0

C)  -I I / d i ’  - I 7d i: i - 0 0. 7 ‘ ?~ 0.q ~
-‘ . 12 S TA B I [I] 1 V ( t  iT S £-~\‘FC II)

Oj i l l  ~~~~fJ
C~~~ ~~~~~~~~~~~~~~~~ V V

13 S I h I ’ } ~ ( ‘ 11 5 3 ,
( 1  ‘j l~ I i - , I’ C i  I1O5 I- :~- i -s

.i) P ( I i \ E -lO~ I C )  , dB 13 t 
~.o 2_o.o 723

• 13 . 1 SI~I R  (~~~ C , 1I _ I _ I C I;r
I)III ~~~ (;o~-i1’o~:E~6 15

‘
.7 

~#
__
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I I
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