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ABSTRAC T

The major components for the dynamic test and correction system
were ordered during the second quarter. Hewlett-Packard catalog

items were chosen for the following subsystems :

Computer control subsystem

Stimulus subsystem

Measurement subsystem

Interface subsystem

The laser trimmer , which had been previously specified, was
ordered from Quantrad Inc. In addition, mathematical models for
the amplifier and oscillator of the M732 fuze were finalized
(3,000 amplifiers and 3,000 oscillators will be tested to prove
the test and correction system). These models plus a test and

• trim procedure were incorporated into a detailed set of real—time
program flowcharts. The design of the revised fuze oscillator
and amplifier circuitry was 90-percent completed.
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1. PURPOSE

The purpose of this program is to develop a dynamic test and cor-
rection system, capable of high-speed operation , for electronic
assemblies. The circuits selected for verification under this

contract are the oscillator and amplifier assemblies of the M732

Fuze. The contract requires that 3 ,000 units of each assembly
be delivered , of which 2 , 900 have been trimmed to meet the speci—
fications. The required test rate is 3 , 000 an hour.



2. NARRATIVE AND DATA

2.1 INTRODUCTION

During the second quarter, catalog items were chosen for the test
station system, which are in line with the conceptual system
defined in the first quarter. The test station system is basically

an extended low-frequency third-generation system based on the

same principles as ECOM ’s EQUATE system. However , in addition to
the computer—generated stimulus, measurement, interface , and cal—
culation subsystems, a laser trimmer capability has been added.

Virtually the entire system (other than the laser tr immer) was
chosen from Hewlett—Packard catalog items. Purchase orders have

been placed for these items and for the laser trimmer.

Mathematical models for the amplifier and oscillator were finalized .

Based on these models, a detailed program design was made and
incorporated into flowcharts. Redesign of the M732 fuze oscilla-
tor was continued.

2.2 FUZE REDESIGN

The redesign of the M73 2 fuze oscillator and ampl i f ier  assemblies,
to make them suitable for dynamic measurement and testing, was
continued. This effort included the electrical and mechanical

redesign of the basic units. The new design allows for the neces—

sary probe attachment and the design of the laser—trimmable oscil-

lator capacitor and amplifier resistor (refer to Appendix B).

Figures 1 and 2 show the final assembly family trees for the

modified M732 fuze oscillator and amplifier subassemblies in this

program . These diagrams are expansions of those presented in the
First Quarterly Report.

L• 
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Figure 1. ECOM Oscillator Assembly Family Tree
H (Revision 1 , 11/ 15/76)
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Figure 2. ECOM Amplifier Board Family Tree
(Revision 1 , 11/ 15/76)
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2.2.1 Oscillator Assembly

All electrical components were released for purchase before the

• end of the f i rs t  quarter. The paragraphs that follow summarize
the activity during the present quarter.

The HDL M732 fuze antenna-oscillator design (l1716463-Z) has been

modified to accept parallel plate ceramic chip capacitors for use

in trimming oscillator sensitivity (doppler frequency output).

The initial chip—capacitor design was electrically tested and is

presently being redesigned to provide a four-step binary capaci-

tance variation rather than equal increment variations. The max-

imum differential capacity design is 2.3 picofarads for each capa-
• citor on the ceramic chip (C2l and C22). A fractional picofarad

variation is required as a result of the comparatively large
variation in sensitivity with C2l and C22 and the need to set

sensitivity to the ± 1/2-percent design goal required by the
program specification.

The following drawings were released for prototype or production

purchases:

Drawing Similar to
Number Ti tle HDL Drawing Release Comments

• 11716464 Antenna Positioner 11716464 Production GFM

06006407 Oscillator PC 11718255-Z Prototype Plus artwork
Board

06006413 Disc Not applicable Prototype New

11718321 Pad 11718321 Production —

The following drawings are approximately 90 percent completed :

Drawing Similar to
• Number Title HDL Drawiflg Comments

06006416 Antenna Formed (N) 11718267—Z(R~v E) —

06006409 Antenna (N) 11716463-Z(Rev E) HDL drawing modi—
fied for ceramic
chip capacitor

• 06006414 Disc Assembly Not Applicable New

S

_ _ _ _ _ _  •~~~~~ :i:. L~_. _— —~~-~~ • - 
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The fo llowing drawings are presently being generated :

Drawing Similar to
Number Title HDL Drawing

06006417 Antenna Assembly ll718268—Z (Rev F)

06006415 Oscillator Assembly 117l827l—Z (Rev F)

The HDL oscillator printed circuit board has been modified to

al low access for the laser beam to trim the capacitor chip mounted
on the underside of the antenna. The antenna artwork is being
revised , as necessary, to compensate for the additional capaci-
tance of the chip and for the relocation of discrete components.

The aluminum oscillator base disc (formerly a steel disc), which
• simulates the fuze body , was designed , and the drawings have been

completed. The 70 units that will be used in the initial test

have been manufactured (see Figure 3 ) .

2.2.2 A m p l i f i e r  A s s e m b l y

A comparison of amplifier-board family trees , presented in both
this report and in the First Quarterly Report , show some modif i-
cations. These are minor changes incorporated to expedite the

purchase of components, and to assure commonality of future HDL

M732 fuze configurations. These changes are summarized as

follows:

ll7l85l6—Z (Revision A). — The Tantalum capacitor drawing is
identical to the 06006406 drawing. The number was switched

to the HDL drawing to minimize confusion during component

purchase.

. ll7l8253—Z. - The ceramic capacitor will be used in future

HDL M732 fuzes. A value of 22 picofarads is used in this

drawing , as opposed to 20 picofarads in 06006403. The new
HDL drawing will be used in this program.

. 06006411. — This drawing is virtually identical to 1 l7 l 8276—Z.

6
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The d i f f e rence between these two drawings is a copper border,
which is added to 06006411 for positioning the thick-film R9

resistor chip.

• 
. 

• 11715226 (Revisions C and E). - These two drawings are vir-

• tually the same. HDL plans on using Revision E in production
• 

- 
fuzes.

• • . 1l730l57-Z (Revision D). — This drawing will also be used in
HDL units and is identical to 06006402. The drawing was

released by HDL after publishing the ECOM First Quarterly
Report. Since the HDL drawing is available at this time, it

will be used in place of the LEC-generated drawing.

- 06006404. — This drawing is 90 percent completed. 06006401

(Revision A) updates the parts list to include these modif i-

• cations.

2.2.3 Amplifier

The latest version of the HOL amplifier board artwork has been

modified on the reverse (noricomponent) side to provide an accura-

tely reproducible mounting area for the resistor chip, with a

resultant reduction in search time for the starting point. The

etched copper rectangle will form a well for the liquid epoxy

• adhesive to restrict the liquid’sflow during the mounting operation

(see fi gure 4 ).

2.3 SYSTEM DESIGN

The test station system design is an extension of third-generation

design principles , and it contains the fol lowing basic elements of
such a system:

Computer control

Computer-generated stimuli

. Computer-controlled sampling system

Computer-controlled interface

8
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Computer calculation of parameters from sampled data

Furthermore , an important addition has been made in the form of
a computer-controlled , real-time, trim capability . A laser has

• been chosen to perform this function. This unit , under computer
control , is capable of either trimming thick—film resistors and
capacitors or cutting printed wiring leads so that discrete corn-
ponents may be disconnected . Thus, in addition to being automati-
cally tested, units can be tuned or trimmed to bring them within

• specification limits.

In the f i rst quar ter , a conceptual system was laid out (see
Figure 5). In the second quarter, specific hardware was chosen.

• All the major hardware, except the laser, was chosen from the
Hewlett-Packard catalog . Figure 6 is a block diagram in which
the major components are shown. The letters in the lower corners

of each unit , in this f igure , refer  to Table 1. This table is a
list of the items with their catalog numbers. Referring to Figure
6, it is seen that the central computer is a Hewlett—Packard 2ll2A

• unit. This computer is a fast, modern , 16—bit minicomputer. It
is being purchased wi th 32K of memory , which minimizes the need
for program overlap during real—time operation . The computer

will come with firmware for multiply/divide , floating-point arith-

metic , double-precision arithmetic , 14 multiplexed I/O channels ,

an internal clock , and two DMA channels. A control panel is

provided on the computer. This panel , in con junction with the
TTY , will  provide the operator interf ace durin g program development
and actual run time .

The operating system consists of a 4.9M byte disk, a paper tape
loader , and the associated real-time executive programs. The

disk will  also provide storage for all the real—time programs.
Figure 7 shows the Hewlett-Packard description that summarizes the
capabilities of these programs .

The stimulus subsystem starts within the computer itself. Either

by program or external ent ry ,  a table is made to describe the

10 
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Figure 5. Test and Correction System
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Table 1. Hewlett-Packard Catalog Items for Tester

Item Quan tity Description

A. 1 HP 9603A High-speed Measurement and Control

System.

8. 1 Option #A03: RTE-II with 4.9M Byte Disc,

Cabinet, Fortran IV, System Libraries.

C. 1 Option #Yl3: Batch Spool Monitor.

D. 1 Option #Tl7: 6940A (91063A) Digital I/O
Subsystem.

E. 1 Option #J17: Event Sense Interrupt.

F. 2 Option #Jl6: Isolated Digital Input, 12 bits.

G. 2 Option #K04: TTL Output , 12 bits.

H. 1 Option #1<05: Relay Output Card.

I. 1 Option #P24: Replace 2l08A with 2ll2A.

J. 1 Option #R00: Teleprinter and Local I/O,
10 cps.

K. 1 Option #005: Additional I/O for 23l3B.

L. 1 Option #021: 10 ft. Differential Cable.

M. 3 Option #025: 247lA Data Amplifier. :
N. 1 Option # 0 2 6 :  Case f r  247 lA Cards

13
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Table 1. Hewlett—Packard Catalog Items for Tester (continued)

I Item Quantity Description

• 0. 1 Option #008: 16-Channel High Level
Multiplexer.

P. 2 Option #011: Programmable Pacer (12755A) .

Q. 1 Option #013: D/A Dual 12-bit Converter.
~

R. 1 Option #558: Second 23128-001 Integrated
into 9603A.

S. 1 Option #P l2 :  16K Word Memory Expansion .

T. 1 HP 59310B HP-lB Interface Card.

U. 1 HP 534lA Frequency Counter to 4.5 GHZ.

V. 1 Option #002: Rear Panel Connectors

• 
• W. 1 Option #003: 1.5 GHZ Frequency Range.

:~ ;‘ X 1 Option #011: I/O ASCII Interface

‘¼

Y 1 Option #908: Rack Flange Kit;

• •1 HP Part No. 05326—60046.

- 
• 14

• :  
— • _ •  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ •~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ —•



~~~~~~~~

• •-

~~~~

-- -

~~

-_-•- - •-- - -,-- --

~~ 

• •

/ HP DATA SYSTEMS

92001A
• Real-Time• Executive II (RTE-II )

• . . , Supports IMAGE/1000 Data Base Management
Typical Minimum 16K RTE-ll Syst.m System for more efficient use of data flies.

• ________________ 
. Concurrent processing and program development

~~~~~~~~~~~~~~ — - -  - - In FORTRAN HIIV , Conversat ional Mul ti-User
- 

- 
Real-Time BASIC (optional), ALGOL , and HP

I ; ;,, ~
-

• - ‘  Assembly language.S*C~ OO~O ~t5Ot *O ~~~ • -  7 - ‘ . Mult i-termin al access to all system resources, serv-
•*~~~5~ Oo~~O 

~~~~~~~~ ing multiple users concurrently.
• 

- • . Optional Input /output spooling to disc to speed
• I °~‘~ ‘ • throughput without excessive use of CPU memory

~~ : :‘ ..~~ I for buffering.

~ ~~~ ~~~~~~~ 
,,,

~ 
j~~~

- • • Optional interactive editor to aid progra m

,1~1 ~~ J development.
• • Supports coordination of distributed mult iproces-

‘I — •• - — -  sac communication networks.
. Suppor ts data commun ication with IBM 360/370

- or HP 3000.
~i( 

~ i * I & ~~~! V i

REAL-TIME MULTIPROGRAMMING

~~~~~~~~ 
The RTE-ll system supervises the execution of multiple pro-

• grams including user s programs for measurement , control ,
data processing, and data reporting, and RTE-11 based pro-
gr4rns (editor , compilers , assembler. etc.) for concurrent pro-

- • • gram development. Multiprogramming gives the user the abil-
• ~‘~~~~~~

•
‘,

_ - It y to match the frequency and timing of programmed task
actions to t he diverse needs of real-time applications in research
and manufacturing.

USI •~~Gi I~ 5~~~iI ~ 5O

___________________ J Scheduling. The multi ple programs in the RTE-lI system are
executed on scheduled basis , as shown in Figure I - RTE-ll lists

TOi~~ .flI~~ ‘O~ ~~~~ ~~~ all programs in order of priority that are ready for execution .
Programs are placed in this list when it is time for them to run.

Hewktt-Packard ’s ReaI’Time Executive Il (RTE-Il) is a time- in response to external event intert-upt . and when execution is
and event-scheduled, disc-based , foreground-background real- requested by another program or by the operator. RTE-Il rec-
lime multiprogramming system for use in 9600 se ries systems . ogni ze s pnor ity levels from I through 32767 and program

• • execution may be scheduled on time resolutions as small as tens
Features of milliseconds

• Foreground and background multi-user swapping
• partitions.

• Operatlonlnas little as 16k of CPU memory, or up
to 32k for user’s real-time applications and RTE -II
supported capabIlities.

• Supports cartridge disc subsystems providing 4.9
to 118 Mbytes of on-line storage with optional file
management to provide ample capacity for pro HEWLETT~~~ PACKARD

Figure 7. Real—Time Executive II
p~. •

;
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shape of the desired stimulus waveform. Upon program command,

this table is outputted through a DMA channel to the Hewlett-

Packard 2313B controller shown in Figure 8 (labelled R in Figure 6).

In turn , the multiplexer routes the words to a 1-2-bit D/A conver-
ter , and then to a small filter. The stimulus system is capable

of outputting digital words at a rate limited by the DMA channel ,
although the D/A specification is given for a settling time of
20 microseconds . The actual output is controlled by the pacer

(P in Figure 6). Figure 9 shows the Hewlett-Packard catalog

description of the D/A.

The measurement system starts with the precision amplifiers
(unit  M) shown in Figure 6. The amplifier outputs are routed to
the analog multiplexer labelled 0 in this Fi gure . In e f fec t ,
the multiplexer is part of the switching system , since it is
programmed by the computer to sample from 1 to 16 consecutive
positions and then to repeat these samples continuously. The

multiplexer can also be used in a mode in which a sequence of
arbitrary positions, stored in the computer, will be executed.

Fi gure 10 is a more detailed description from the Hewlett-Packard
catalog.

The output of the analog multiplexer is fed to a sample-hold

and then to an A/D converter; from there , the DMA channel reads
the words into the computer. A pacer (0) accurately times the
t ransfer  rate .

If the specified accuracy of + 0.09—percent  fu l l—scale  ± 1/2 LSB
is required , the maximum rate into the computer is 45,000 words
per second. However , if the accuracy requirement is removed , a
peak rate limited by only the DMA channel may be achieved.

I —

~

- • The Hewlett—Packard digital controller shown in Figure 11 (D in
Figure 6) handles low-speed digital input/output. The output
commands to the laser and the laser BITE word will run through
this mult iplexer .  Additionally, the event sense interrupt is con-

I • trolled by this unit. The event sense unit can be set to interrupt

16
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_ _ _ _ _ _DATA SYSTEMS -
~~~~~

2313B Analog I/O
Subsystem, Expanders , •

and Related Plug-ins
• Solid-state or relay switched 2.5, 5, 10,20,25, and 50

I

.

’

sion only).
• High-accuracy 12-bit (±lO.24V . 2OmA) analog

outputs.
• Plug-in pacer available for precision timing of 1! 

mA analog current input mult~~lexing (industrial ver-

analog I /O.

• Input /output capacity expandable to 528 differ-
ential analog inputs or 44 analog output s , or corn-
bination of inputs and outputs .

• Field expa ndable.
• Software drivers and interface routines for BCS.

a,, RTE-B . RTE-C. RTE-Il . and RTE-lll  operating
systems.

EXPANDAB I LITY AND CAPABILITIES
The expandability and capabilities of the HP 231 3B sub-
system are summarized in diagram . overleal.

E~ ily Ins~~led
The 2313B Analog I/O Subsystem consists ui contro l . Wit h the user ’s choice of appropriate analog I/O cards , the
sampling, and analog.to-d’gital conversion m odules in i subsystem is a complete package , vir tuall y ready to use as
nmainframe providing at least two spaces for analog I/O soon as i t  is delivered. Simply rack mount the subsystem.
plug-ins. It also includes a separate power supply, a coin- plug one interface card into the computer , and connect the
puter interface card with interconnecting cable , and soft- cable. The subsystem needs only to be integrated into the
ware appropriate to the operating system in which the sub- sot tw a re operatin g sy stem (BCS. RTE-B, RTE.C, or RTE.tl)
system is used. It is designed for rack-mounted operation of the computer to be ready for programmed operation.
only. The 23 1 3B is standard in 9603A , 96~~A. 9610, and Wheit His ordered as part of a coniplete system. Hewlett.

• 961 IA Measurement and control systems and is offered for Packard does the integration for you.
the addition of ana log I/O capability to other systems con-
figured ,uound lIP 96MX S)’.iem ( im n i ro l lers ~ 1W 2 lOOA In ,,ddition to t he driver software used in normal operation.
or later HP 2100 series Computers . the subsystem includes a unique veri fication program. This

is an interactive program in which the operator commands
• Feat ures any mode of operation via the system ’s keyboard input unit

or paper tape reader. An easy.to-fo llow printout or display
• 1 2-bit resolution. ‘~~

‘ the results is provided . Because I: is extensive and easy

• Analog I/O plug-ins available with screw-terminal to use, this program can substitute to -  apphcation program.
• 1 indust rial connection assemblies. ming during the earl y stages of system setup. It will thus save

time and e ffort , at t he same time confirming correct opera.
• High-level (± lO. 24V Is). solid state S.E. or diff . tuon of the subsystem.

analog input at scanning speed up to 45 kHL.
flime air hardware rates subject to response degradation that depends orr • Low-level (± 10 to SOOmV fs), solid state analog input other artivity in the system

at aesu rstes to N kilt , signal plus CMV ~ IOV.

• Low-level (± 10 to 200 mV fs) , relay analog input at HEWLETTZPACKARD 
L’ .

scan rates to 150 Ht , 200V CMV. I;

_ _ _ _ _ _ _ _ _ _ _-_______

Figure 8. Analog I/O Controller, Expanders, and Related Plug-ins

[L 17

~~~~~ • •_ , •~•~
_
~~~~i .•~~~~~~~~~~~ •~~~~• .~~~~~------- . TTTTT TT- .

~~~—
.-—



HP 12751A/91 I 1OA High -Level lk c Z , maximum, balanced or unbalanced.

Multiplexer Specifications Input Impetlsnce
Selected Channel: > 5M~2 shunted by <6OpF(l HLMPX

Hardware Supp lied card); > 3.3Mg shunted by <7OpF (9 HLMPX cards);
HP 1275 IA High-Level Multip lexer: > 2Mfl shunted by < l2Op F (33 HLMPX cards in fully-

I. High-Level multip lexer card, expanded subsystem.
2. Mating connector. Non.Selected Channel: > SOM[1 shunted by < lO pF.

HP 02313.60007 Single.Ended Input Cable: Power Off: > 500kf2 , all channels.
16-foot cable , terminate d with high-level multip lexer
mating connector at one end, unterminate d at sour’te Pumpout Current Offset
end. Offset due to IILMPX switching transients stored on input

HP 02313.60008 Differential Input Cable cable capacitance < I 000pF: <0.05% fs at 45 kHz, with
16-foot cable , terminated with high-level multip lexer 500~l source resistance . ±lO.3V inputs (differential + com-

• mating connector at one end. unterminated at source mon m ode). 528 inputs in subsystem.
end.

lIP 91 I IOA High-Level Multip lexer , Industrial Version: Crosstalk Rejection
I. High’level multiplexer card. Between Inputs to Satne HLMPX Card: 80 dB.
2. Screw-terminal connection assembl y. Between Inputs to Different HLMPX Cards: 120 dB.

Conditions: dc to I kHz . I k~2 source resistance.
Number of Inputs
16 differential or 32 stogIe-ended (single.ended operation Common Mode
applies only to 1275 1 A . not to 91 11  OA which is limited by Rejection: 80 dB , dc to 60 Hz. I kfl source resistance ,

• its connection assem bly to 16 differential inputs), using differential input.
Return: ~~(l0k~2 + lOja H)wi t h up to l25 feet ofHP part c

Full Scale Input No.8120.1781 input cable for differential inputs. To
+ IO.235V to -lO.240V lOfi . maximum + 10 pH. maximum, low to power

common , for single-ended inputs.
Overall Accuracy of Multip lexer . S&H. and ADC
With Respect To: source used for calibration. Maximum Input
Conditions: source resistance < 100 ohms. For Rated Accuracy. ±lO.5V diff. + com mon m o de, or

Factors Included: 3 sigma noise : linear umy. offsets , 8.hour ±I0.24V high.to.cornnion. single ended input.
sta bility: gain, calibration transfe r , and i~ namuc res pon se Without Damage . up to ± ISV . any input line to chassis.
errors : and effects of ±t0 ’~- line voltage variation and
±5 CC variat ion front calibration temperature. Weight

, . . HP l2 75 lA :  lb (0.91 kg).
Accuracy: ±0.09~ Is ± l /_  LSB (subsystem without 1W 9 11 IOA 4 .5 lb (2 05 kg).

expanders): I 2764A expander adds ±0.05 Is and
I 2765A expander adds ±o.oo’-; r~.

Temp.Coeff: ±0.0026’~ ts °C
Long-Term Drill: ±0.06% Is . maxi mum , in 30 days.

Throughput Rate to Buffer
To 45 kHz ’ via Dual -(’hanne l Port (‘ontro ller (D( P( }. as-
suming no interrupts from higher priority devices , no oilier
machine cycles used for D(’P(’. no more t han one level of
indirect addressing, and no chaining of indirects in non-
D(’PC operations . Includes high-level multiplexer switching.
S&H sampling, and ADC conversion times . To 10 kHi in
BCS-hase d system not using DCP(’.

• Aperture Time
SO nanosec . peak’to-peak little variation , reading.to-reading
il• subsystem is paced by lIP I 2755A Programmable Pacer.
Includes S&H aperture and pace pulse jitter.

‘Thi s isa hardware rate subject to response degradation thai de-
- 

i . pends on other act lstty in the system.

H
t i

Figure 9. High—Level Multiplexer Specifications
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HP 12757A191113A Dual 12-
Bit Digital -Analog Converter
Specifications
Hardware Supp lied
HP 12757A Dual 12-Bit Digital-to-Analog Converter (DAC):

I. Dual 12-bit DAC card.
• 2. Mating connector.

3. Dual-DAC test routine.
• I HP 9 111  3A Dual 12-Bit Digital-to-Analog Converter (DAC),

Industrial Version:
I. Dual 12-bit DAC car d.
2. Screw-ter m inal connection assembly.
3. Dual-DAC test routine.

Number of Outputs
Two outputs per DAC card.

Output
Sigjial : +l0.235V to —l 0 .24 0V , Oto  2OmA, short circuit

proof.
Load Regulation: ±0.05% fs. max imum, 0 to 2OmnA
Load Capability: resistance > 5OO&~, capacitive load to

O.OO2pF will not cause instability.
Resolution: 5mV.
Accuracy at 25°C (77°F): ±0.025% fs, 0 to 5mA output.
Temp. Coeff: ±400pV/°C (±222pV/ °F). max imum.
Stability: I .5mV , maximum total drift for 24 hours , after

1 hour Warmup.
Settling ‘fine: S0psec , maxim um to within ±0.05% of Ilnal

value.
Ripple and Noise : 2itsV p.p. maximuitt in 0 to IOOkHt band-

width. Trans ients wit h lOmV peak amplitude , and psec
• i duratio n may occur when either channel is programunri ed.

Remote Grounding
“Low” out put lead may be grounded remotel y, provided

- 
. ground voltage does not differ from system ground by more

than ±2V. (DAC output voltage plus common mode voltage
must be between +I0.235V and — lO.240V).

Display Interface
Blanking Pulses: +IOV to - b y , high, and +IV to -IV low.
Blanking Pulse Duration : 25onsec/4psec , Jumper selectable.
Display Erase: NPN transistor closure to ground for I sec-

~ I ond; 25V max . open circuit , l6mA , max. sink.
External Flags: TTLcompatible and +IOV inputs.

Figure 10. Dual 12—Bit Digital-Analog Converter Specifications
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91063A
SYSTEM CONTROLLER ~ Digital I/O

COMPUTER I Subsystem ,
* 91140A
(12 bits) Digital I/O

~~~~~~ ~~ Extender , and

_ _ _ _ _ _ _ _

~

1 Digital I/O Plug-ins

—
~ Features

• Capacity expandable from IS to 240 12-bit
IJp to I/O card slots (up to 2880 digital I/O
2880 ,• channels )
Digital I/O • Uses only one computer I/O channelChannel s - —

• Wide choice of digita l I 0 capabilities

~~~ 

• Software supplied for HP 2100 and 9600MX
• 

-~~ series computer systems

• Easily ins talled and serviced

• 
. 

~~~~~~~~ i EX PANDA B ILITY
Up to 15 The basic ca paci ms s i t  the suhss stem is IS card s l o t s  ‘s ir
Digital I/O t2.bit I 0 cards. Through t he addiimom i u t ’ 91 140A digitalExtenders I 0 extenders , t his capact t~ can be increased i~, 40 1:0

car d shots (IS in the subsvs tem n mainframe and IS more in
eac h of IS h o  exte nde rst . The entire digital 1-0 subsystem
connects to the computer via a single 16-bit microcircuit

• - 
duplex register interface..,
WIDE CHOICE OF CAPABILiTIES
Subsyste mii capabilities are offered as modular plug-in
car ds, itic ludimtg 12 chiam lmiel status inputs . I 2~ liatinel evemit

The ‘I lO(m3A Digital I/O Subsyste m cunisi sts si t a (m940B sct~se inputs , ami d eve mit coum iter input. Both so lid-stj te amid
Muliiprogtantm iier m id  tm ite rf ac e ti ir tIP 2 lOOA amid later relay coiltact outputs providing 1 2-channel capacity are
liP 21(10 Series (‘otuputers . II i s standard i i i  %lO amid offered. Other digltal output choices include a stepping

IA l m m du s t i mal  Measur~iiieiit aii d Cistt t r i i l  Systems aiid is motor controller, a programmable time r, a stall alarm, amid a
s,t teied tor the addimiott s it digital 1.0 cap abil i ty ui 9(~O2A. frequency reference. The subsystem cami also be equipped
‘)bOJA. .iiid %04A Sci~iiti tic Mcasurenieiit .iui d (‘umu i t n i i l with both digltal.to.an-alog current and voltage converters ,
S~steins. eac h providing 1 2-bit resolution.

HE WLETT~~~ PACKARD

Figure 11 . Digital I/O Controller, Digital I/O Extender, and Digital
I/O Plug-ins
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the computer, based on matching a bit reference word. Since

there are 12 bits in the reference word , there are 212 (or 4096
independent events) that can interrupt the computer.

A relay card (unit  H) consisting of 12 single-pole , single-throw
relays is also computer-controlled through the digital multiplexer.
Additional relay cards can be inexpensively obtained . These relays ,
together with the analog multiplexer , form the computer-controlled

interface. The frequency counter (unit U) can read rf frequency

up to 1.5 GHz.

Except for the frequency counter , this system is essentially

a low-frequency system. It is limited by the DMA rate to 600 ,000
words per second. However, the frequency range can be extended
to include rf and microwave test and trim by adding external

buffering , rf synthesizers, and an rf spectrum analyzer .

2.4 LASER TRIMMER

The Quantrad Model 1021 is scheduled for delivery in January 1977.

Two field trips were arranged to monitor the progress in both the

mechanical/optical and the electronic realization areas.

2.5 RF CHAMBER

The drawings for the prototype positioner-holder device (for use

in the rf load chamber) were completed , and the detail parts
• have been manufactured (see Figure 12).

~ 2 4 2.6 ANALYSIS

The objectives of the second quarter analysis were as follows:

Finalize the models of the amplifier and oscillator.

Finalize the test-signal design and determine the voltages
to be sampled.

Finalize the method to be used for the real-time analysis
and prediction .

21
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- ‘ Figure 12. Positioner-Holder Device

5.,,

I
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These objectives were accompl ished and, additionally, the required
program flowcharts were drawn.

2.6.1 Amplifier Model

The mathematical model of the amplifier was firmed up during this

quarter. The model is similar to previous models, except that

the differential amplifier/detector is more completely described.

An analysis of the circuit diagram and an experimental verifica-
tion led to the block diagram shown in Figure 13. The differen-
tial ampl if ier/ detector consists of two halves; one half responds
to positive signals , while the other hal f responds to negative
signals. The first element in each half is represented by an

ideal half-wave rectifier. The half-wave rectifier is followed by

a threshold device, which only allows voltages exceeding the

threshold to pass. This is followed by a current generator, whose
output current is a linear function of the input voltage.

The two sides of the detector/amplifier are independent. Measure-

ments on a number of units have shown that the thresholds and

current generators for each side can be quite different. It is

these thresholds, the difference between the sides, and the M—wave
input that has complicated the problem of adjusting the height of

• - burst within a 1.2—second interval.

2.6.1.1 Amplifier Test Signals and Measurements. - Because of the
short time requirement (1 .2  seconds) in which the height of burst
of the amplifier is tested and adjusted , it is not possible to

~ 1j use an M—wave input. The M—wave lasts about 1.4 seconds and ,

because of the nonlinear characteristics of the ampl i f ier, would
‘ have to be applied at least three times. Therefore, a series of

short signals , which determine the amplif ier characteristics ,
• have been devised. Based on the measured response to these signals,

the response to an M—wave is calculated , and the ampl i f ier  can
then be trimmed to meet the height-of-burst  requirement.

Ii,

~~~~~ 
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Figure 13. Amplifier Block Diagram
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Both the measurements and the calculation are based on the fre-

quency response of filter 1 (see Figure 13) being very broad

compared to the carrier of the M-wave. Thus , the transient
response time is much less than a half—cycle of the carrier (refer

to Appendix C). Therefore, we can consider the filter as a gain
element , which is a function of the carrier frequency only.

The measurements, hardware conditions , input signals , etc., are
summarized in Table 2. For the first three measurements , the

• capacitors in filter 2 are shorted by relay contacts via computer
command. Resistor R20 is paralleled by a 100-ohm resistor, the
value of which is known to be better than 0.01 percent. This is

- 

. 

accomplished by computer command. The first measurement deter-

mines the dc attenuation of the divider , consisting of R9 and Rll
(see Figure 13). No input signal is required because the normal

bias conditions provide dc across these resistors. The measure-
ment simply consists of taking one reading of V3 and one of VL4 .

This is accomplished via computer commands, which connect the
electronic switch to these test points, and reading in the
sampled voltages.

The next measurement determines the gain from the input to point 5.

To obtain this measurement, a known Doppler CW signal is applied

to the input , which is handled entirely through the computer
system. A sine-wave table is outputted via the DMA channe l to
the D/A , then to the filter , and then to the amplifier input.
Since the signal chosen is large enough for the S/N ratio to be

‘4 extremely high , measurements need only be taken for approximately
five cycles. In addition , since the input signal is under computer
control , measurements will be taken over an exact integral number
of cycles. Thus , only a small number of samples need be taken.
It is planned to take a total of 100 samples. The adequacy of

• this number will  be verified by simulation. Measurements are
entirely under computer control , i.e., the electronic switch is
set to point 5, the voltage is sampled , A/D conversion is performed , ~~
and the computer accepts successive samples.

H 25
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Table 2. Measured Amplifier Characteristics

Measurement Hardware Input Measured Calculations
Objectives Conditions Signal Voltages

Dc attenuation Short Cl,C2; Nbne V3, V4 Divider attenuation
of divider parallel R20

by a small
• resistance

Gain to point 5 Short Cl,C2; CW V5 Rectified average of ac
parallel R20
by a small
resistance

Positive and Short Cl ,C2 ; Delayed V5 , V6 Least mean square f i t
negative thres- parallel R20 positive to line to give thres-
hold and by a small and nega- holds and current
current genera— resistance tive ramps generators
tor at V6

Filter step Remove short Step of V8 Preliminary calculation
response from Cl , C2 , carrier of step input to f i l ter

• and small R A , p1, p2 of u(t), and
from across C and D of h ( t)

SCR firing Remove short Increase V8 Spike determination at
voltage from Cl , C2 , carrier SCR gate

and small R step sign
from across to maximu m
R20

.4
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• . The third test measures the characteristics of the detector/ampli-

fier. To accomplish this, a positive input ramp , generated by
the computer , is first applied. This produces an approximate

ramp at point 5. During the application of the ramp, V5 and V6
are sampled . Since the signal chosen is far above the noise level,

only a few samples need to be taken. The use of 20 samples is

planned ; the adequacy of this amount will also be checked by the
simulation program. Typical I/O characteristics are shown in

Figure 14. This data is used to find a least-mean—square fit to

a straight line , using a typical linear regression program. The

threshold is the intersection of the line (see Figure 14) with

the horizontal axis. The slope of this line is equal to the vol-

tage gain with the precision resistor load. By dividing the vol-

tage gain by the value of this resistor , the computer generates
the value of the current generator. By outputting a negative ramp,

the values of the threshold and current generator for the negative

half are s imilar ly obtained by the computer.

For the fourth and fifth measurements , the computer removes the
shorts from the filter capacitors , and the 100—ohm precision

resistor. A carrier modulated step is then applied at the input.

This results in a full—wave rectified step at point 6. The

magnitude of the V6 step can now be calculated by the computer,
since all the parameters preceding this point are known. Voltage

samples are then taken at point 8. Three samples are needed to

solve for the constants in the step response. However , a some-
what larger number (determined by simulation) will be used.

Once the measurements for the step response are completed, the
• input voltage is raised high enough to guarantee the fir ing of

-

. 
,~ the 5CR. V8 is sampled . When the SCR fires , the fire pulse inter-

rupts the computer and the program halts the reading of V5. The

data is then examined to determine the firing voltage. This corn-
pletes the process of taking measurements on the amplifier.

- — I
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THRESHO LD V5

Figure iL l . Diff eren tial Amplifier/Detector Characteristics
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2 .6 . 1 . 2  Height-of-Burs t Analysis and Gain Prediction . - When the
above measurements are completed, the required gain is calculated
by the computer program to achieve the specified height-of-burst.

The overall approach is as follows:

The specified M-Wave is assumed as input.

The gain to point 5 is t aken as a function of the carrier

frequency only (re fer to Appendix C ) .

The threshold is subtracted from the rectified M-Wave

(positive and negative halves are treated separately and

then added).

The average (or dc frequency component) of the rectified
M—Wave , minus thresholding , is calculated. The average is

used as current-generator sources for filter 2 , as shown in
Figure 13 (the carrier frequency and its harmonics will be

filtered by the first RC; thus, they will not affect the

time at which the SCR fires).

A convolution is performed between the rectified average and

the impulse response time to determine the filter voltage

output at the time the fuze should fire. To ease programming,

a look-up table of convolution integrals vs filter parameters

will be used.

The filter output is compared to the SCR firing voltage . If

the output and voltage are not within 0.05 percent of each

other, the gain is rescaled.

The above program subroutines are repeated , using the new
gain , until the filter output and the SCR firing voltage

differ by less than 0.05 percent.

2.6.1.3 Amplifier Test and Trim. - Trimming R9, to bring the

actual gain to the required gain , wil l  be accomplished in two
steps. The first step will be to calculate the required length

of cut to within several percent. During the second step, a

small shadow cut will be taken while monitoring the gain. Cutting

will stop when the gain is set to 0.05 percent.

4
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2.6.2 Oscillator Model

The oscillator model is described in much greater detail in
Appendix A. This model will be used to develop a two-dimensional

• table of required changes in capacitance, which will meet the
sensitivity specification vs the actual measured sensitivity and

Rf frequency .

2.6.2.1 O s c i l l a t o r  Test S i g n a l , M e a s u r e m e n t s , A n a l y s i s , and

Test and Trim. - The test signal will be a CW signal at the center
of the Doppler passband. The signal will be outputted by the

computer to the Rf modulator. At the same time that the signal

is output, the sensitivity (i.e., the doppler output voltage) of

the oscillator will be sampled 10,000 times for 0.1 seconds. The

Rf frequency will then be read in. The sampled data will be used

to compute the Discrete Fourier Transform (OFT) at the CW fre-

quency. The required change in capacity will then be found in

the table mentioned above. The laser , which is under computer
con trol , will then trim the capacitor pad. The sampling , DFT,

table look up, and trim process is repeated until the sensitivity

is within 0.25 percent of the specification . This measurement

and computation will be repeated at the ends of the Doppler pass-

band.

2.7 PROGRAM DESIGN

The program design has been updated to reflect the analysis given
in Section 2.6. The flowchart shown in Figure 15 reflects this

L update. Although it is not specifically shown in the flowcharts ,

there will be an overlap between outputting test signals , inputt ing
data , and calculations.
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AMPLIFIER TEST PROGRAM

TEST SET UP
LOAD TEST PROGRAM
OUTPUT lEST SIGNAL INTO IS 30

INPUT TINE APID DATE VIA TTY HORIZONTAL A X I S  CROSSING 
- 

PU-Pt
EXTERNAL IFRER 

[~~~~

OS IT IV E THRESHOLD TO P1 - P1

INPUT ANY SPECIAL COMAINTS AND CURRENT GENERATOR TO
• ISO WORDS ALLOMEDI

INPUT BIXT UUT SERIAL NO. SIOPE OFLINE 31
LORD AND PRINT SUMMARY Of FIND COLUMNS STRADDL ING

________________________ PERCENT T . PERL. PERV IPREVIOUS TESTS
WAIT FOR START COMMAND REPEAT 12 15 FOP NEGATIV E

32
1 2 

FRAMP 

- 

I PERCENT T - PERL

INITIALIZATION PERV - PERI
REMOVE SHORTS FROM Ci AND I

RESET CLOCK C2 AND 1(X) OHM RESISTOR I 33
CLEAR BUFFERS . FLAGS. ETC. FROM P20 IAS REQUIRED LINEAR INTERPOLATE BE1WEEN
INPUT LASER START POSITION I is POLE ROMS AND BETWEEN

PERCENT COLUMN.~~~ TTY MA MJAL ENTRY)
PRINT “ READY ” SIGNAL [SET ANALOG MULTIPL EXER TO ] 1p11’ ~ .0112 - III * ~II3- Iii

T READ V6 AND VS

I 
SHORT Cl AND C? ii

+ S ~ 114-1 3 4 1 1 + 12)

34
PARAL LEL P20 BY PRECISION I 

I 
OUTPUT STEP Of DOPPLER

1(X) OHM RESISTOR J CARRIE R SIMILARLY FIND I
_______________________________ _________________________________ 2 ’ s

I 4 1 a

I 
SET ANA LOG MULTIPLEXER I READ Wi AND VS SIMILARLY FIND ‘p1 -TO READ V3 AND V4 J

• 
I [~~~~ ULAT E RESPONSE TO STE P 

]
READ V3 AND VI I S IMILARLY FIN D p2-

I i 
F~~

ULAT E RE S PONSE TO
CALCULATE d.c. I MPULSE
ATTENUATION; i.e. V 3’V4 SUM 

K (CI CI~1 • DI~~~t

I 
~~~

TI A L IZE ANALOG MULTIPL EXE~~ 
C2 Cl 1 - 

,

I SET ANALOG MULTIPLEXER I O R E AD V8
TO READ VS

I 24I i 
~ IIEMABLE INT ERRUPT ] m’~s susi -v

OUTPUT DOPPLER CM SIGNAL 
C ALC fir e
END Of ISI V 

fire~~~~05

I OUTPUT LAR GE STEP
READ VS a NO

10 READ V8 30

I 
CALCULATE RECTIFIED I PROGRAM YES HAVE 10 ITERATIONS
AV ERA GE Of SAMPL ES 77 HAS FAIL ED BEEN PERFOR NED’

1 
[~

FTE R INTERRUPT OCCURS , 
scj 

EXIT

_______________________ DATA TO DETERMINE FIRING NO

[ 
SET ANALOG MULTIPLEXER I VOLTA GE
TO READ VS AND V6 I

_ _ _ _ _  
K - K

I 12 
I V fIre

________________________________ T’s

OUTPUT POSITIVE RAMP ] 

PERCENT T . 

~nominaI 41

I 13 PERCENT I- T +
K PERCENTT + -

READ VS AND VA nominal

I 14 I a

I
PERFORM LEAST NEAN SQUARE I [TI~D ENTRIES PL. PU ] PERCENT T- -

FIT TO STRAIGHT LINE WHICH STRADDLE PV 1 IP1)

C Sheet 2
t I

~~~.4

N Figure 15. Amplifier Test Program (Sheet 1)a
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ORDER CW OUTPUT PRINT
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___________________ AVERAGE TINE TO TRIM

• oo~ STD O(V OF TI NET O TRIM
• R

L
’ 

- ~~~ !.L .!.1 END OF TEST

• 
lI- K ’ ) K’ I

I WAIT FOR START COMMAND

FIND ENTRIES IN TA BLE GI VI NG
LENGTH OF CUT WH ICH STR A DLE
RL”

- i

INTERPOLATE TO FIND LENGTH 
OSCILLATOR PROGRAM

SAME AS AMPLIFIER FLOR CHART EXCEPT
47 SUBSTITUTE THE FOILOfVING BLOCKS FOR

SUBTRACT 5% BLOCKS 3 THROUGH 53 Of AMPLIFIER

45 
OUTPUT DOPPLER CW SIGNAL

CUT TO LENGTH

40 RF
READ V5 SENS ITIVITY

50
FIND ZERO CROSSINGS DO DPI AT 720Hz

51
MAINTAIN RUNNING AV ERAGE TABLE LOOK UP Of CAPACITY
Of LAST FIVE CYCLES CHANGE

52
SHADOW CUT UNTIL GAIN COME S TRIM CAPACITY
TO WITH O.1%O F DESIRED GAIN

53 IS
SENSITIVITY YES

YE5 WITHIN 0.25%ERCUT Of SPEC
OCCURRED

.
~ 

-

DETERMINE -
FINAL ACCURACY NO

NO

L RECOR DO NOISK
- ‘ : RECORD ALL INTE RMEDIAT E DATA .
p TEST RESULTS , FINAL RESULTS .

AND TINE PER STEP

PRELIMINARY STATISTICAL
CALCULAT IONS
CALCULATE MEAN TIME TO IR IM
CALCULATE STD DCV (IF TIME TO

• TRIM

H

Figure 15 Amplifier Test Program (Sheet 2)
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I 2 . 8  SIMULATION

During the first quarter, a simulation of the ampl ifier was
designed and coded. During the second quarter, the prograitt was

• debugged and the amplifier was shown to be properly simulated.

The simulation of the oscillator will consist of an experimental

* model, using look-up tables that summarize oscillator character-

istics.

The complete simulation will link the oscillator and amplifier

models with the real-time test program simulation described in

I Section 2.7.

• I

:H
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3. CONCLUSION

The major objectives of the second quar ter were accomplished , as
follows:

Oscillator and amplifier analysis completed .

• Simulation program designed .

. Subsystem designs completed .

Purchase orders placed for all major system items.

• Purchase orders placed for 95 percent of fuze components.

I
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4. PROGRAM FOR NEXT QUA RTER

- 

During the next reporting period , the following activities are
• 

- planned: - -

* 
. Receive major system hardware items.

. Receive prototype fuze components.
- ~~

. . Initiate the construction of prototype fuze circuits.

I 
. Continue simulation effort. -
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5. PERSONNEL

During this reporting period , the following personnel worked on

this program for the number of hours indicated .

Name Program Function Hours

A .J. Eisenberger Program Manager 223

P. Kaszerman System Engineer 168

R.F• De Mattos Tester RF & Fuze 34

H.J. Curnan Laser Trimmer & 56

Fuze Microcircuits

G.L. Freed Digitial Components 35

C.A. Zuroff Programming 8

U.Z. Escoli Mechanical Design 143

A .H. Owens Mechanical Design 6

H. Wetteraur Draftsman 137

.4
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APPENDIX A

M732 FUZE DESCRIPTION

A-l. INTRODUCTION

This appendix describes the progress, to date, in the construction
of a mathematical model for the M732 fuze oscillator. The purpose

of the model is to predict quan titatively the effect of adjusting
certain trimming capacitors on those oscillator parameters that

are of most interest. The model is constructed in terms of

parameters, which are to be determined from a small number of
very simple measurements made on the oscillators as they come off
the production line. The sole criterion for the success of the

model is its ability to predict correctly just which trimming

capacitors must be added to bring a given unit within specifica-

tion. This will enable the raw data to be fed into a computer ,

whose output will indicate which adjustments must be made. Thus,

the need for costly and time—consuming trial—and—error modifica-

tions will be eliminated.

Paragraph A-2 of this appendix provides a discussion of the oscil-

lator circuit, including the measurement results of a number of
oscillators. These are the experimental results that the model

must be able to explain. Paragraph A—3 provides a discussion of

the Linear Model (LM). In the LM, the transistor is viewed as a
two-port network characterized by four complex numbers (e.g.,
s—parameters). Although small signal s—parameter measurements

were made on the trans istors used in the experiment, it is not
essentia l for the LM to be describable in terms of this small
signal data. For the purposes of the LM, we allow the effective

large-signal s-parameters to differ from the small signal values
by an arbitrary amount. The essential feature of the LM is that
the s-parameters be constant (i.e., independent of all voltage
and current levels).
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We will  see shortly that , as a f i rst approximation , the LM is
indeed very good. It enables frequency and output power to be

predicted very accurately (i.e., better than 1 percent). There

is, however, another parameter that is of even greater interest
than either the power or the frequency, and that is the sensitivity

-
. 

of the oscillator. This quantity is defined in paragraph A-3.

It is shown that the sensitivity- may be viewed as the difference

between a dc voltage , which appears across a diode in the oscilla-
tor tank circuit when there is no reflected energy, and the corre—

sponding dc voltage across this diode when such ref lections are

• present. The LM is capable of predicting either dc voltage quite

accurately (to within a few percent). However, when the two
values are subtracted, the difference is quite small , and the

- 

- error is large. It is here that the LM breaks down. Power, fre-
quency , and voltage are first-order quantities , and here the LM
does very well. However, sensitivity is a second-order quantity,
and the LM is inadequate. In fact, in paragraph A-3 we show,

with the help of a few simpli fy ing assumptions, that no LM can
predict the observed changes in sensitivity with trimming capaci-
tance.

Therefore, in paragraph A-4, we refer to a Nonlinear Model (NLM).
Although the results are not yet complete , preliminary indications
seem to show that the NLM is quite successful. It retains the

ability of the LM to predict frequency and power , and at the same
time yields usable results for sensitivity as a fun ction of
trimming capacitances.

- .  I 

A-2. RF CIRCUIT AND EXPERIMENTAL RESULTS

For the purposes of this appendix , we assume the rf circuit to be
as shown in Figure A-l. The transistor is in the common base

configuration with no external load between emitter and base.

Feedback is achieved via the internal emitter-to-base and emitter-

to-collector capacitances , which are not shown. The tank circuit,

which also doubles as an antenna , is represented by the branch
through which current i~ is shown to flow. The real part of the

antenna impedance consists of a radiation resistance:1
38
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Rr = 21) W4A2/c4 ohms , (1)

together with an ohmic loss contribution Rs. In Equation 1, A is

the area of the loop and c is the speed of light. The voltage v
represents the effect of reflected energy. The reactive compo—

nents consist of a fixed (distributed) inductance Lo, and a number
of fixed capacitances lumped together under the designation Co.
In addition , there is a capacitance C1 whose value may be altered
by adding a number of capacitive pads ,2 called the series capacitor.
In addition , there is capacitance C2, which is variable in the
same manner , and which shunts the entire antenna assembly. This

is called the shunt capacitor. It is the effect of the variation

of these two capacitances on sensitivity that are the primary

concern of this appendix.

We must now , therefore , define what we mean by sensitivity. In
practice , the oscillator is placed in a small chamber with absor-

bing walls called a load chamber. A spinning disc, containing a

strip of metal (or equivalent modulation), is placed overhead.
The rms component of voltage that appears across the diode (shown

in phantom in Figure A-l), due to the variation in reflections
caused by the spinning disc , is measured and defined as the
sensitivity.3’ 4 It will readily be appreciated that the sensiti-
vity could be measured differently . We could stop the spinning

disc and measure the dc voltage that appears across the diode
under two conditions : first with the reflector at right angles to

the plane of the loop , and second with the reflector in the plane
of the loop (see Figure A-2). The first condition is denoted

condition 0 (CDNO); the superscript 0 describes the values of

H various quantities under this condition , and it clearly represents •

the case of minimum reflections. The second condition is condi-

tion R and represents the case of maximum reflections. In terms 
•

of the dc voltages measured across the diode under these condi-

tions , the sensitivity as just defined becomes:
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SM = (VDc~
°
~ 

- V~~~~~~ )/  2~ J2 volts. (2 ) 
-

~ -

It is clear from Equation 2 that the sensitivity is the differ—

ence between two first-order quantities (i.e., it is a second-

order quantity).

The sensitivity, along with power and frequency , was measured
for some 50 transistors in two housings, which were modified
to allow for the replacement of transistors without soldering.5

These parameters were measured as a function of C1 and C2. The

salient features of these measurements are shown schematically

in Figure A-3.

In all cases , dc voltage is found as a decreas ing fun ction of
capacity. It is also found that for a given capacitance, the
condition R voltage is less than the condition 0 voltage. However,

as the parallel capacitance C2 is increased, the two lines diverge ,
whereas when C1 is increased , the two lines come together. In

other words , the sensitivity is an increasing func tion of parallel
capacitance , but a decreasing function of series capacitance.

The experimental results can be summarized as follows:

a) VDC 
< VDC~

°
~ 

given C1 and C2,

b
-— 0, and
aC1

) (R) (0)C DC DC < o
• ~C2 aC2

The paragraphs that follow provide a diicussion of the LM. Under
certain simplifying assumptions (that should nevertheless be
quite accurate), we show that conditions (a), (b), and (c) above
cannot be simultaneously satisfied .
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A-3 . THE LINEAR MODEL (LM)

In the LM, the transistor in Figure A-l appears as a constant

current source. This is most readily seen by representing the

transistor as a two-port network in terms of Z—parameters (Z-para—

meters are more convenient to use in our case then the equivalent

s—parameters). Since the emitter-base is open-circuited, we have
(see Figure A-4):

I = _v
eb/ (4)

12

where veb is the rf voltage appearing across the emitter—base.
Of the four Z-parameters, only two enter into the equations. In

addition to Z12 we have the frequenc~j condition :
6

Im (Z22 + ZL) = 0. (5)

A little care is required in wri ting ZL because of the appearance
of the impressed voltage v in the l oop. Harrison4 has derived an
expression for the total ioop impedance , including the effect of
reflections , as seen by the transistor. As might have been anti-

cipated , the effective voltage induced in the loop is seen to be
proprotional to the antenna current i’, and is used to write:

10. ’v = re 1 . (6)

The value to be used for 0 has not yet been entirely settled , the
question being complicated by the fact that the dipole is in the

• near field of the antenna. If only far-field considerations were
important, it could be argued that the radiative electric field H
from the loop excites a current in the dipole , which is in phase
with the antenna current i’. An in-phase component of magnetic
field travels back to the loop to induce an rf voltage that
leads i’ by 900, as follows :

l~
.
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where s is the distance of the dipole from the loop. (This value

appears to agree fairly well with the experiment). As a matter of
-

- 

- 
. fact, the NLM described in paragraph A-4 is almost entirely inde-

-
- 

~~
- pendent of 0. This is because r and I axe determined from the

two dc voltage measurements, VDc~
°
~ 

and VDC~~~~ made with no pads
in , and the variation of I back—fitted from the measured values
of VDC. The phase drops out, except for the small variation in

Vcb with 0. However, it is important to note that conservation

of energy implies that r cos 0 < Rr. Thus, it must be assured
that a 0 exists such that for the assumed values of the other
circuit parameters , this condition can be satisfied.

The circuit that has to be solved is shown in Figure A-S. The

circuit equations are as follows :

{(R—rcosO) + j  [(WL — 

~~) 
— r sin o] } i’= —

~~~~~~~ 

i (8)

where: i and I are related by:

., .
,,

1 = 1  + 1

and where :
R = R s + Rr ,

1 1 1 , and
- 4  1

L = L o . —

From Equation 8, we find that:

i’ = 
I

2 ~f(R—rcos 0) + i 1(WL — 1) — r sin ø1~L J~WC
~.. 1 1 1 1wizere. + + .

c ‘-‘ 1 2
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Using Figure A-l , we can now write the expressions for VD~~
°
~ 

and
V~~ , in general , is the product of the absolute magnitude

of the rf voltage across the diode times some efficiency factor

which should be fairly close to unity. We find in fact that:

(R + r cos 0) 2 + (WL - i  + r sin 0)2 1/2

~ 
(R) _~~~ 

WC0
DC 

— 

WC2 (R - r cos 0)
2 + (WL - i  — r sin 0) 2 (b A)

W
,

~

so that the corresponding equation for is:

(R2 + (WL - 1 ) 2 1/2

(0) J1.i ~‘~C0 (lOB)
DC WC2 (R2 + ( W L- 1 ) 2

WC

Be fore analyzing Equations 1OA and lOB, we consider the frequency
and the power, which are predicted quite well by the LM.

Using Equation 8 we first have:

.1/
Z = v  ~~~~~~~~~~~ 2:
L CB/1 WC2 I

= —j (R — r cos 0) + j  (X — r sin 0) , (11)

WC2 (R - r cos 0) + j (X — r sin 0)

where we introduce the fo llowing notation :

1X =  (WL -~~~ ) arid

“I 1X (WL-- ~ -) .

WC .
‘

Usin g our superscript 0 and R convention , we can extend these ; -‘;

definitions to read:

x~~ = (WL - 

~~) 
- r sin 0 and
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~ (R) (WL - i~) - r sin 0.
Wc

Similarly, we write:

R (R ) 
= Ri + Rs - r cos 0.

Now the frequency condition - in Equation 5 reads :

1 R (R) 
2 

+ x~~~ ~~
(R)

2 R (R) + ~~(R)

This equation has been solved for W and the values obtained agree

well with the experiment6 (see Table A-l).

The theoretical power radiated is given by :

= 

~~~~~~ 
Rr

= 

~ 2 2 
I2Rr 

1 2 (13)
W C2 1(R - r cos 0) + (WL - —

~~~
- - r sin 0)

L wC

Actua l ly ,  it is not possible to compare Equation 13 directly with

the experiment for two reasons. First, we do not know the values
of I and r, and second , only relative rather than absolute power

measurements were obtainable from the load chamber that was avail—

able when the measurements were made. However , we can determine
whether the predicted behavior with capacitance represents reality.

We can determine I and r from measurements of VDC and VDc~
°
~

under the conditions of , say , minimum C1 and C2. Moreover, we
can measure the relative power under these same conditions and
assume that Equation 12 holds. Then we can see if the dependence

• on C1 and C2 predicted by Equation 12 corresponds with the experi-
ment. Referring to Table A-2 , it can be seen that the correspon-
dence holds fa i r ly  wel l. (But the variations between p (R) and

~T 
for given C1 and C2 should be ignored for two reasons. The

first reason is that these are second—order variations and there—

fore not predicted very well by the LM. The second is for experi-

mental reasons we will not go into here ; these measured values

are probably not very reliable a:-iyway.)
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I
Table A-l. Measured vs Computed Frequencies

S/N Condition Frequency
Measured Calculated

1 A 43.11 45

B 43.05 46

C 36.8 35

D 36.3 38

E 38.0 36

F 38.8 37

3 A 41.15 44

B 40.9 45
- 

C 36.35 35

D 35.9 36

E 36.8 3S

F 35.4 36

4 A 41.1 4L 1

B 40.9 45

C 35.6 35

D 35.5 37

E 36.8 35

F 36.2 36

10 A 41.1 44

B 40.9 45

C 36.1 35

D 35.6 36

E 36.7 35
I.-

F 36.5 36

* Leading digits suppressed .
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Table A-l. Measured vs Computed Frequencies (Continued)

S/N Condition Frequency*
Measured Calculated

p I 22 A 45.0 45

B .44.9 45

C 41.1 35

D 40.8 37

E 4 0 . 9  36

F 41.0 37

26 A 44.93 45

B 44.88 46

C 41.0 35

D 40.9 38

E 140.63 37

F 40.65 38

33 A 43.7 45

B 43.5 146

C 41.1 35

D 41.0 38

E 41.1 37

4 F 141.0 38

* Leading digits suppressed .

Note: Frequencies were computed to two significant places.

For the value of inductance chosen for thi s run ,

several transistors had no solutions within the
frequency range of interest .
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Table A-i. Measured vs Computed Frequencies (Continued)

KEY:

Condition Capacitive Pads

A 0~~
’1 None

:

I Paral lel  only
D R )

E 0 Series only
F R )

Table A-2. Calculated vs Measured Power (Normalized) Based

On The LM

Power (mW )
S/N No Pads Parallel Pads Series Pads

Measured Measured Calculated Measured Calculated

1 246 260 268 260 288

14 294 270 318 315 3 142

5 248 260 264 252 288

8 277 267 295 296 319

16 282 294 300 303 327

Note: Values are for 
~T 

The small variation between

and ~~ (R) are not predicted well by the TM.
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It is not di f f icu lt to see that the LM is unable to reproduce all
the inequalities listed in Equation 3. Thus, differentiating
Equation lOA (neglecting changes in W) we find :

WDC 
-[

~ 

+ 

(~ 
- r sin ~~ 

]VDC
(R) and (14)

~C2 C2 (R — r cos 0) 2 + (
~~~

‘ 
- r sin

(R) - (x - r sin 0)  1/ 2 (R)
~
VDC 

Wdl VDC . (15)
______  — 

(R — V cos 0)
2 + (x — r sin 0)

2

It is clear that ~ must be negative or Equation 5 has no solutions
(x22 is always found to be negative). Thus, for example , to

satisfy :

< 0 ,

-3C 1

we must have r sin 0 negative and larger in magnitude than x ,
which is an unreasonable requirement. Furthermore , even if
Equation 3b is sat isf ied, we f ind  that :

I x I L 2 ~~- r s i n Ø I 
~— 2

[R2 +

~~~~~~~~~ 

[ (R - r cos 2 
- r sin 0)

2

Inequali ty A
- j In addition , Equation 3C implies that :

— r sin Ø)~ 
L 2

[~
2 

+ 

(R - r cos - sin 0) 2 
V

DC~~~ > [~~+ I~~/w~2 2]V~~(o
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or , since we found from Equation 3A that VDC~~~ VD C I  this

last inequality implies that:

I ( x — r si n ø) I i  2 2~~
2 v (R) I x I / W C 2 V (0).

2 2 DC > 2 2 DC
- - 

(R  - r cos 0) + (~ 
- r sin 0) R +

Inequality B

Clea r ly ,  inequal i t ies  A and B are contradictory, which shows that
the LM is inconsistent with all of the inequalitites in Equation 3.

A-IL NONLINEAR MODEL (NLM) : REMAINING PROBLEMS

Although the LM successfu l ly  predicts all f i rs t—order  quantities
(s uch as f requency,  power , and voltage ) to wi thin  a few percent
or better , it cannot account for  small  d i f fe rences  between these
quan t i t ies, i. e . ,  it breaks down for second-order quantities
(re fer  to paragraph A - 3 ) .  I t  has been shown that sensitivity is
a second-orde r quan t i t y ;  thus , it is not surpris ing that the LM
is unsuccessful  in predic t ing sensi t iv i ty  behavior as a function
of changes in para l le l  and series capacitance.

Sin ce sensi t ivi ty  is the q u a n t i t y  of greatest interest in the
osc illator an a lysis , we must go beyond a simple 124. Howeve r ,
when an NLM is considered, the problem is not as well-defined.

Once the circuit in Figure A-i is accepted as the correct one for
- I the osci l lator, an d a linear parameterization of the transistor

is required , then the LM becomes a well-defined mathematical

• 
- problem. In other words, there is only one LM , but there are

many NLMs.
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Because of this, it was felt that an attempt to base an NLM on

f irst principles mi ght prove too time-consuming. Instead , it was

decided to let the experimental data provide the structure of the

model in a manner explained in the paragraphs that follow. The

usefulness of the model depends upon its ability to predict. In

this respect, preliminary results indicate that it is quite use-

ful as a calculation tool, even though the physics on which it

is based is not entirely clear.

The most likely point at which the LM breaks down is the quantity

i in Equation 14; it seems f a i r l y  clear that in actuality I is not
a constant, but depends upon the collector - base voltage Vcb•
A program was run on the Burroughs 6700 to determine, from exper-
imental data, the functional dependence of I on Vcb~ 

The inputs

used were power, frequency , and detector voltage data , under con-
ditions 0 and R, as a function of parallel and series capacitances

for 140 motorola transistors and several RCA transistors .

The results show that in almost all cases the points fall very

close to a single curve , whose nature is shown schematically

in Figure A—6 . The general shape of the curve is quite reasonable.

I is approximately constant for small Vcb~ 
and falls off as Vcb

becomes large . The rise at intermediate Vcb ’S might also have

been predicted; it is necessary in order to explain the increase
in sensitivity as C2 is increased. In general, it is very

- difficult to explain , on the basis of the LM alone, how increasing

the parallel capacitance can increase the sensitivity .

The NLM , then , is a model that satisfies all the equations of the
LM except that I, and instead of being a constant, is allowed to
vary in the manner indicated in Figure A-6.

‘H 50

~~ - 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -• ---- ---•--- - _
~

_
~LL~~ - - 

- 

~~~~~~~~~



~~~ 1

- 
- 

First, the curve in Figure A-6 was approximated by the 3-level,

piece-wise continuous function of Figure A-7, and sensitivities
were calculated on the computer. Some early measurements were

taken in two di fferent, uncalibrated load chambers. A different

back—fit was used in each case. In all cases, the I vs Vcb curves
were essentially in the same form as shown in Figure A—7 , but the

- 

I - levels and break-points had to be shifted . It is believed that

the effects on different (uncalibrated) load chambers is to change

the details of the I vs Vcb curves, but to leave the general
character of the model the same. This point, however , needs more
thorough testing.

- 

I 
Another problem with these early measurements is that the curves

were insuf f ic ien t ly  accurate and suffered from repeatability
problems . Although it was not fu l ly  recognized at the time , dc
voltage readings with the reflector in either the 0 or R position

take many minutes to stabilize. If insufficient stabilization

time is allowed , erroneous sensitivity values result. This drift

in dc voltage with time is not felt to be a problem , since it is
believed that the 0 and R condition voltages drift together.

Thus, the sensitivity stabilizes rather quickly (in seconds) even

though the dc voltages continue to drift. This is another matter

that requires further substantiation .

More careful  measurements were taken at a later date, and the
- - - results of theory vs experiment for these more recent results

are shown in Table A—3 . In this case theory and experiment are

in much closer agreement. Thus far , measurements have been
repeated only on a group of low 

~T motorola transistors. It is
p lanned to extend these measureme nts to other groups of transis-
tors in the near future.

In conclusion , it can be said that our NLM seems capable of pre-
dicting al l the quan tities of interest quite well , including sen—
sitivity. However, before the value of the NLM can be considered
f i rmly  established, the three unfinished tasks mentioned previously
must be completed.
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Table A-3. Calculated vs Measured Values of Sensitivity

Based on Recent Data for the NLM

No Pads Parallel Pads Series Pads

- I S/N Measured Measured Calculated Measured Calculated

• 
_ _ _ _ _ _ _ _ _  

(my ) (mV ) . . (my ) (my) (mV)

8 = 0

degrees

1 .197 .339 .339 .158 .158
- 

- 

14 .245 .406 .415 .184 .183

5 .195 .322 .312 .152 .148
- 

1 8 .222 .360 .371 .152 .161

16 .217 .369 .344 .151 .159

:e;r::s

1 .197 .339 .339 .158 .158
- 

I 
4 .245 .1406 .416 .184 .180

5 .195 .322 .316 .152 .147

8 .222 .360 .384 .152 .159

16 .217 .369 .355 .151 .159

4
Note: The nonlinear curve was fitted to SN1 exactly.
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Figure A — i .  Rf Circuit of the M73 2 Fuze Oscillator
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(MINIMUM REFLECT IONS) REFLECT IONS)

Figure A-2. Static Measurement of Sensitivity
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Figure A-3. Dc Voltage vs Capacitance
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Figure A-IL Equivalent Circuit for the Linear Analysis
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Figure A-5 . Detailed Circuit for the LM
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Figure A-6. I as a Function of Vcb
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(6) As mentioned earlier , the f requency of oscillation , including
the effects of changing C1 and C2, are predicted quite
accurately by the LM (See Table A-l). The values of

were computed from the measured values of small signal
s-parameters. However, the small changes involved in going

• from condition 0 to condition R, with C1 and C2 fixed , repre-
sent a second-order perturbation and are not always reproduced

as well. It should also be noted that when in solving for

frequency, in Equation 5 , generally two roots are found in
the frequency range of interest. Table A-i lists the lower 
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of these two roots. We surmise that the upper value is

- 
excluded by the condition on the sign of the real part of
the starting condition (Z 22 + ZL), but this assumption needs
to be tested.

- See for example : Communications Handbook , Part II. Edited
- 

- by J.R. Miller. Texas Ift~trt1ments Inc . Dallas, Texas (1965),
- Chapter 3.

I

“ 1

H

H

k
59

~ 

~~:~~~~~ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



APPENDIX B
- - TRIMMABLE UNITS

TRIMMABLE CAPACITOR (OSCILLATOR SENSITIVITY ADJUSTMENT)

Capacitance measurements of the preliminary design were made on
chips with leads at 1 MHz. The design goal of 2.0 picofarads,

with equal 0.5-picofarad increments, was not achieved. Values

closer to 3.0 picofarads , with increments in the range of 0.4 to
0.8 picofarads, were measured. There was a O.65—picofarad resi-
dual f r i nging capacitance af ter all links were cut with a diamond
scribing tool , and the leads contributed another 1.2 picofarads.

A new design is in progress to reduce fringing, centralize the
starting point, and provide a 1, 2, or 14 incremental ratio. A

high-density , small-particle size alumina substrate (MRC SUPER -

STRATE) will be used to improve the consistency of the results
(dielectric constant = 9.2 + 3.5 percent). Redesigning the

antenna is in progress with special attention being given to

accurately positioning the capacitor chip so that hunting for the
start point can be minimized.

TRIMMABLE RESISTOR (AMPLIFIER GAIN ADJUSTMENT)

The thick-film resistor chip design was completed (see Figure B—i).

• - Some features incorporated are as follows :
Start Point Loca tors. - The in tersection of two orthogonal
5-mil lines , coprinted with the resistor paste, defines a
point 20 mils from the edge of the resistor body and 20 mils
from the termination conductor.

Alignment Marks. - Ali gnment marks are provided at the diag—
onal extremes of the overall pattern to assure proper regis—

tering of the resistor pattern to the conductor. The
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resistor body is also extended to the long edge of the
termination pads as a further assistance.

Cutting Marks . - L-shaped marks are coprinted with the con-

- - • ductor pattern to provide re ference points for laser scribing
the array of patterns into discrete chips. The patterns are

screened in a 14 x 6 matrix op a 1-inch square substrate to

obtain tight thickness distribution; thus , consistent
laser—trimming results can be obtained . —

Preliminary testing of seven different vendors ’ 1,000—ohm/square

resistor paste has begun. As-fired resistance values, varying
from 1400 to 1,000 ohm (depending on vendor termination material

- 

- and f ir ing parameters), were obtained. The resistance distribu-

tion within any one substrate is quite good. It has been decided

to mount the chip on the reverse side of the amplifier board, as
a secondary operation. This will enable the test points to be

probed from the same side of the board as laser-beam impingement

takes place . This simplif ies the mounting of the board into the
workholder nest on the shuttle-feed mechanism.

- - .. -‘

• -
“.
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Appendix C

Transient Response of Filter 1

• The response of f i l ter  1 (see Figure 13 ) to a carrier modulated
step is found by using Laplace transforms. The Laplace

transform of the carrier modulated step is:
I 

~~~[u(t)cos wt] = 

~
2 + ~2 

‘

where: u(t) = unit step.

In the f i r st quarterly report, the transfer function of the
f i lter was shown as :

F( s) = 
A 

+ 
B . (2 )

S~~~~1

The Laplace t ransform of the output of the f i lter is :

[output] = 
[ 

A 
+ 

B 1 1 ~ 2 1L5~1 s-p2 ] [S 
+ w ]

Using Laplace transform tables gives the output response as :

f(t) = 
A 

2 { P1exp (P1t) + P1
2 + w2)1”2 cos (wt +

p1 + w

+ 2 { P2exp (p 2 t) + P
2

2 + w2) 1/2 cos (wt + e2)}’ (4)
+ w

I 

where:
I = -1, 469 radians/second ,

p2 
= -24,133 radians/second ,
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-A = —1 ,379 volts,
B = 22 ,656 volts ,
C = 0.94 volts,

• D —0.9 volts,

W = 2 - T f ,

- : = arc tan w and

= arc tan w

The transient portion of the response is:

Transient = 
A p 

+ B 
2 

•

P1 + w  p2 + w

The time constants of the terms in Equation 5 are -1/p1 and -lip2,
respectively. Using the values for p1 and p2 derived in the
First Quarterly Report , the time constants are :

— y 1 1 second and
— 
1,149

— 1 second.
— 24,133

It is immediately seen that 
~2 

is much less than a half—cycle

and 
~l 

is on the order of a half-cycle. However, the effect
on the total transient is much less than that of ~~~ since the
value of A in Equation 5 is less than 1/16 of the value of B.
Thus , the transient can certainly be considered as completed in
less than a cycle.
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