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I. INTRODUCTION

Under Air Force con t ract s  F 19629—76 — C— 025 6 and Fl9628— 7~ —C —O2l 8

fou r cluster ion mass spectrometers have been developed . These new

instrument ~ arc very d i f f e r e n t  than predecessors both inconstructio~ and

operation.

Previous instruments were capable of detecting and measuring atomic

mass units (ainu) from 1. to almost 140. However , these new mass

spectrometers are required to reach anti’s of up to 2~,5 in both the ç’osi~ ive

ion and negative ion modes. Since the frequency of the AC voltage

applied to the mass filter was specified to be 2.3 t~O~z, a peak RE volt.’ge

of 725 volts is required to detect mass number 2S~ .

Aside from this expanded amu range , a quadrupole mass filter wi- - h

“delayed d—c field” constuc t ion was adopted by the Aeronomy Division of :1

the Air Force Geophysics Laboratory. This filter consists of two sets ~f

quadrupole rods. One is used as a high mass pre—fil.ter . the other is u~.ed

as the main mass filter. Since these rods are longer than the ones used in

previous instruments , the quadrupole capacitance has increased tram 22 p Y

to 8lpF. Figure 1 represents this new quadrupole mass filter along with its

appropriate contro l voltages.

In order to meet these voltage , frequency and load requirements;

a new RF oscillator transformer wi th  appropria te  cont ro l  c i r c u i t ry  h•~3

to be develope 1 . The new transformer , which was proposed by ~tr. Ra i:~u:~2as

Sukys of Northeastern University , consists of Iwo

4 ~~~~~~~~~ 
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torroidal acrylic cores , each c o n ta in i ng  a secondary winding ; stacked

ea top of one another. The primar y and feedback win d .~u~ s are then

~.sa~ d around  bo th  cores.

This new tr.tnst ormer is excellent for this app l icat i~ n beca u se

of its small size and the torroidal shape of the cores tends to con—

tine the magnetic field , and unlike previous instru:ie;its , it is less

sensitiv e to its surroundings. This makes the  adj u stment  of the os—

cil~ ator and the calibration of the instrument easier.

However , there are many problems with the transformer and its

ce~ttro1 Circuits. One of the major problecis of the transformer is

that its frequency and amplitude are sensitivC to tem perature changes

a~d self heatin~ e~ tocts . Another prob lem is t h a t  since the existing

e.~’iacions fou!i~.! in eag ineering  lta d~’ocks tor the inductance of tor—

rL ’lda l  cores didn ’ t c or r e l at e  w i t h  the  data  t aken . empirical , deter—

ri :~•it Lea of the cor e  i:~.’ was n e c e s sar y .

~igure 2 is a block d i a gr a m  of t h e  RE o s c il l a t or  along wi th  its

c~~tt.ro1 circuits. As can be seen Er om th e  d iagram , a peak detector

I.; ieor ~~era tc1  into the feedback  loop. I t  consis ts  of a capasitor

Iivid~r and integrator. Like the t r a u st l or m e r , it too has i n s t ab i l ity

le~ts, such as its sens itivity to temperature changes. Also, be—

ca~:se ot~ the lititations of the pe,t~ detector , it is not possible to

oh t am 1~F vol ta~~es low enough  to s el e ct  the I irs t t ew anti ’s.

The esc i llator viny  a l so  enter a “ lock—up ” mode of operation. Dur—

in th j z .  t t ~o excessive  cu r r en t  w i l l  be drawn and c on t r ol  of the oscil—

l.t~ or is lost. This w i l l  cause the power t ran s i s t o r s  of the oscillator

to  exceed their power rating , t i tus destroying these devices. Also , 

- - • - •.-~~~~-~~~~~~~~~~~~~~~~~~~~~~~ -
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F-
when it eaters this “lock—tip” mode , it usually oscillates at -some

high harmonid frequency.

The research conducted for this thesis was concerned w i t h

solutions to the~e problems. The accomplishments included the

frequency and amplitude stabilization of the oscillator and its

control circuits, the empirical determination of the core size;

and a proteçti.on circuit has bean developed to protect the power

transistors and to prevent “lock—up” modes of operation.
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II. QUADRUPOLE MASS FILTER-THEORY OF OPERATION

The basic mass analyzer used for lower ionospheric measurements

is the quadrupole tiass filter. The quadrupole mass filter consists of

f our circular rods with opposite rods electrocally connected together.

The voltage applied between these rods has a radio frequency component

V cos wc and dc component U. The potential difference between the two sets

of rods is thus U+V cos tt~t .

When a positive ion is injected into the quadrupole region it

oscillates between the rods of the mass filter. At a specific radio

frequency this ion of given mass will undergo stable oscillation between

the rods. Other ions of higher or lower masses will oscillate with increasing

amplitude until they are absorbed by the rods. Within the quadrupole field

there is no force in the longitudinal direction so that an ion under stable

osc illating conditions will continue at its ini t ia l  velocity un t i l  it reaches

the collector target.

The equations 1,5 of motion for a charged positive ion within the region

between the rods are:

- 

- 2e (U + Vcos wt)x
(1)

r 2
0

.. 
— 

2e(JJ + Vcos wt)y 
0 (2)

2
- r0

~~~~ 0 ( 3)

5
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Where :

r0 is 1/2 the spacing between rods of a pair

x and y are coordinates normal to the rod-pair axis

z is the coordinate along the rod-group axis

e is the charge on an electron

w is the tadian frequency of the RF component

t i s the t ime

These Mathieu differential equations can be solved in terms of ion

tnass in , U and V cos i~t. The conditions for stable solutions may be seen

wi th  the aid of a stability diagram (Fig . ~) 
2~5 in which the bounds between

all useful stable solutions and unstable solutions are plotted in terms of

the transformations. - 
-8eU

a~~~ 2 2 (4)
mr 0 ~

4eV
— q~~ 

(5)
2 2mr0 ~

If U and V are held constant , then from (~e) and (5) , the ratio of

a to q will be constant and straight lines such as 1 and 2 in figure 1

will result. Under normal operating conditions the ratio U/V is chosen —

su~:h as to intersect the top of the stability region and to abtain a high

resolution. By choosing to operate the mass filter as in Line 2 in Figure 3 ,

the quadrupole becomes a band—pa ss mass filter and all ions lying between in
1

and in
2 are then given by:

in
1 

q2

~~V

2
~

,)2 
(6)

6
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4eV (1)

q1r0 -

Thus th. ratio U/V determines the filter pass band Am and therefore
p

the r esolution in/Am. Anothe r use ful .  t e a tur e of the quadrupole mass filter

is the high—pass mode of operation. In this mode U 0  and the quadrupole

wi l l  focus n i t  Ions [or which the mass to charge rat~to

4.4eV (8)

r0

Where : n is the number of electrons per ion.

Aside from the ratio U/V , another factor must be taken into account

fri order to detec t a cer ta in atomic  mass unit  (amu) . The amu is directly

proportional to the RF voltage and inversely proportional to the frequency

squa red . Equation 91) 5 states this relationship along with tl~e appropriate

constants. These constants are dictated by the physical dimensions of the

quadrupolu mass filter such as rod radius and the rod spacing.

V
“mu —

~~ 

2~ 2 (9)
7.219r

0

The Insti umen ts being developed utilize the quadrupole mass filter

by keep ing tht frequency constant and sweeping U and V (with U/V constant)

t o  scan the sI~ec1rum of interest. Along with sampling individual, amu ’s,

the instruments will also utilize the high~ pass m ode (total ions) of operat ion.

- 

B 
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I l l . .  RF OSCILLATOR

A. Sys tern 1 c r ij~L tomt

The has to usc i t  t . t t e r  is the same vpe t in t  h~ s been used in pr~’v i ~‘~i - .

instruments. It I a tuned—seceu~tnt v H a r t  1ev est ’ LI lator where the

frequency ot oscil tat ion is determined by time induct ion of the o ut p u t

winding of the  transformer and the quadrupole t ap.-mt ’ itance. Both the AC

and DC components of the voltage that is  app l i ed  to the quadrupole rods,

are supplied from the oscillator. The :10 component is generated hr the

oscillator and i ts  amplitude is c on t r o l l e d  1w t h u  ( eedbnck loop shown in

Figure 2. The do voltage Is obtained item a sweep amplif ier and i s  suoplied

to the o sc il l a to r  trans former through an I C  t i t t e r .  This [ilt.’r is

necessary in order to pr event  the RF v~ lt t ~ t’ f rom feeding back into the

sweep a m p l i fi er .

Although t he basic oso [ti nter is t he same , t I me t ratio former Is t~U it  0

d i i  fe r en t  . ‘I ’ht ’ transfonners used in tev (out; Instruments were mod If

so l t ’uo ide in shape and were qu I tt’ I u rge as compared to the new toroida 1

shaped cores. Tht ’st ’ t r :mt i s for mer s  and t ho it  and t in’ It ;sec I at ed t’ontrO 1

c i r cu i t s  were quit e  sons ii ire o ho t ’uv I r oment  anti had it ’ be shio idod

bet ore on 1. [h i n t  ten of t in ’ inst rumttnt  cou ld  be undert aken . This  sh ie~ d ing

made t h e  ad j u s t men t  el t h e  t ’O t ’ [ l i m i e r  m . m t  her diii b u t t .

The new t r ans fo rmer  cons  1st et  two t c r o i d t m i. .it ’ rv l  I t ’ ~-o ro - ~ ~ t i t ’k~ d

on top ot~ one .ino t  h e r .  i~ igu re  6 roprosoi i  t o t he manner in whi ch  these

cores were wound • Each c O l t ’ cent  atus a secondary w inding of 1 ~~ t u r n s

- 

- 
ot  number ~‘6 heavy armor ed pe I V t h e m m a  I j m~~e wi re .  1’ho O o t O s  . u o  t hen

Insulated with sir ips ot  nov  1 or. Tb is insulation q ~~~~~~~~~~~~~~ j~~

9
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order to prevent high voltage arcs between the two cores. After the cork’- tt.~ , ,

been insulated , they are stacked on top of one another; .mnd the p r i m a r y  win d i : :~~.

of four turns and the feed back windirigs of two turns , both of number .‘2 hO IV V

armored polythermalaze wire , are wound . For the conviunce of construction the

primary and the feedback windings were disp laced f rom each o ther  b y appr~ r imate1y

900 along the circumference of the core. Other winding distributions were

tested without producing significant difference in the operation 01 the osc i l l a to r .

Because the toroidal shape of the cores tends to confine the magnetic f i e l d  and

the fact that the transformer is totally enclosed within the oscillator housing ,

it is less sensitive to the enviroment. The empirical determination of the

core size and the temperature stabilization of the transformer are discussed in

Chapter 3.

Also, the method of controlling the amplitude of the RF voltage is quite

different. In previous oscillators a separate winding 01 one turn was used to

derive a feedback signal whose amplitude was proportional to the RF volto,,~e

(see Figure 5). ~ Since a separate winding was used , the induced volta~z~ iii

this winding had a hig h harmonic content caused by switching transients in  the

pr imary c i r c u i t .  This adversely effected the l inearity ot the RF voltage wi ti

respect to the sweep input voltage , causing the ratio of U/V to v ar y  th rough  t~ ie

spectrum of interest.

From Figure 5 we see the feedback signal is divided by a resistor d~~v i J e r

and applied to one of the imputs of the —7 10 comparator. The oilier input sign.il

is obtained by feeding hack the output of t i-me comparator. This form s .i peak

detector. The output of the peak detector is then applied through a h u : f e r

amplifier to the inverting input of the — 7 6 1  oper at iona l am pl i f i e r  where it is

sunni~ed with the sweep input voltage. T h i s  vol  tage will then driv e the o sc i l l a to r

Ii  
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through the 2N27 QA transistor.  The ad~jus t ment  of the ratio U/V was .

accomplished, through the use of the two offset potentiometers on the

—741 op—amps.

The new oscillator with its control circuitry is shown in Figure 6.

Since the mass filter must detect amu ’s of up to 255, the linearity of

the RI oscillator is very important , especially at the higher mass numbers.

In order to improve the linearity of the osc illato r , the f eedback signal

is derived directly from the secondary winding of the transformer. The

secondary is part of the tank circuit so the harmonic content in the RI

voltage will be much less than the the separate feedback wind ing.

B. RI Oscillator Control Circuit Parameters

- (  The con t r ol ci rcuits f or the RF oscillator are shown in Figure 6.

The feedback loop consists of a peak detector , integrator and a sul~~ing

amplifier. The CA 3140BT B iMos operational amplifier was selected for
4 —

its low input offset voltage of O.8mV and its low input offset current of

O.5pA at 25°C. Since these specifications are better that for the —741

operational amplifier , the variation of output voltige due to temperature

variations are lower. This improves the linearity ~f the RI voltage with

respect to the sweep input voltage.

The peak PS voltage (Vp) which is fedback from the oscillator

transformer is divided by the capacitor devider con3istintg of capacitors

C1, C2, C3 and C4. The divider will produce a volt.tge across C4 equivalent

to Vp/25. Since this voltage must be kept constant with respent to

temperature variations , high reliability corning CYR glass capacitors

were selected. These capacitors have a temperature coefficient of 
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+l4O+25pp~/°C and they will track and retrace each other t6 with in
Spp m. 

‘

Capacitor C5 and invert and double the voltage Vpf? . There—
f ore, the voltage across C

6 will be the average value of this doubled
voltage. Since the gain of amplifier A

1 is 1/4 , we obtain the expres—
sion for its output voltage VFE,

V~ 
• (10)FB lOOIr

The DC Voltage U and the sweep input voltage are supplied from
the sweep a~ p1ifier. The ratio of these two voltages is constant

20 • 
(11)

Since no current can flow into the inverting input of amplifier A2,
the currents surni~ed at that node are;

V
= ~

_
~!iJ~_ 

• 
(1’)R~ 

. LTherefore,

~
T
RF 

= 
RF 

= = -4-- (5) (13)

V- 

I 
where, V 

(li)

-

— - 

- - - L~= ~~~~~~~~~~~~_J  ~~~~~~~~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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- - I - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____________
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-
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so , 
.

-

~

- 

~~ 
[±~ (15)

Thc ratio of U/V is specified to be not more than 0.236.

T~ie:e~ore , if the value of 0.236 is chosen

5( .236)  1.18 (16)

Select = 20K

Then fr on  (16) , R B 
= 16.9K

~~tplifier A3 
is a —741 operational amplifier used in the unity

gain configuration. This amplifier is used to produce a monitor of

__ ~~ a~ p 1itude of the  PP voltage . The o u tp u t  of A3, which drives both

t — ~~ :c1~netry system and the meter on the control console, has a vol—

t : -~~e ~~~ in ~’, of 0 to +5 volts.

16 
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IV PS TRANSFO RMER 

- -

A. Empirical Determinat ion o f f  r a t i o S  oFner S i z e

The nethod of winding the PS ttanstorme r has been stated in

Chapter II. Empirical det ’tmxnation of the core si~~c was necessary

because the equations for  the inductance of tor id~~l cores b ond in

engineering handbooks did not correlate  wi th  the observed results .

An equation for the inductance for a toridal core of rectaagul ar

section with a sing le winding was taken from the RCA Radlotron De-

signer ’s Handbook. This equation states that ,

2 Fr.,1
L 0.01170N h iog10 ~~~ 

rii.crohenrys (17)
1

where : r1 is the  inner  radius of the wind ing

r , i s  the outer radius of the winding

h is the  ax i ;il d e p t h  of the  w i n d i n g

N is the number  of turns

The acrylic cores we arc using for t he se  t ransformers have core di—

mensions of r 1 ~ 
0.57 inches , r.) 0.$-~ inches and for the purpose

of t h i s  o:~am n i e , h 0. 0 inches. Since each core  co nt a i n s  155 se~-o n -~ar v

turns  o~ wire, we obtain a caie~tlat e~l inductance  equal  to ,

-) 84o .ot ~ -io (l55) (. 9) iog
~~ [~-~J =  42. 6O~~j .

From equation 18 we see t h a t  ‘a- i  t h  a ca p a ci tIv e  load of SlpF , t h e

f requency  of o sc i l l a t i on  ct  t h i s  t r , i n s f o rm er  should be ~~~. 709 MH..

(18)

— -, -~~ --- ---- ~~~ --- -~~ - - ---- ----- - - -—--- i___~ 
-
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The inductance ot the tr~insformer was measured on an impedance bridge and

the inductance of each coil was found to be 46.1O1~li. This constitutes

an 8% difference between the measured value and the calculated value.

The frequency of oscillation that has been observed was 1.765MHz. This

represents a 35% d i f fe rence  between the calculated frequency and the

observed frequency.  These results  can be a t t r ibuted  to at least two

factors. First , the equations do no take into consideration the inter~indiag

capacitance. Secondly, very little is known about the electrical properties

of these COMCO clear cast acrylic cores. Since the percentage of error

is so large, empirical determination of the core size was necessary in

order to predict the frequency or oscil lat ion of these transformers to

within 1% of their specified frequency.

In order to eznperically determine the transformer size several cores

were wound. These cores had identical inside and outside radii and differed

only in their axial depth. The cores also contained art equal number

of secondary windirigs of 155 turns apiece. These windings almost

completely f i l led the ent ire  core with  one layer of wire except between

the beginning and the end where space was left for approximately one ot

two more turns. This space was left in order to prevent high voltage arcing.

The cores that were wound started with an axial depth of .5

inches were imcrenented in steps of 0.1 inches to a maxiinutt height of

oscillation is shown in Figure 7. This plot shows that there is a

linea r relat ionship, at least wi th in  this region, between the core size

and the frequency. Therefore , using the plot we are able to choose

18
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-

a ~-~~
- - t h - ~ use!  I l~~t~-s s~~cei~ Ic t - qu ~~o~-y to w i t h  in  at  least  l~

—-  t -
~~.

i~~. -~~-~e r a t u r  ~ t b i 1 i~~d t i o n of t L t c R~- ’ os f on~~-r

it has beau observed t h a t  the  fr e q t t ~- ocy  of oscillation of the

RF us. i L L a i o r  is s & - n s i t  ice to t empera tu re  va r i a t i cit s .  As the  trans —

: u r~~- r  was ho a~ ed in an environmental chaab er the frequency of oscilla—

t io : i  decreased . Over  a t em p e r a t u r e  r an ge  -of 75°F to  175°F , the change

i - ~ f r e q u e n c y  w i s  170 KHz.  A f t e r  the  t empera ture  of the transformer was

r e t u r n e d  to 75°F the  f r e q u e n c y  did not return to i t s  original value ,

bu t  dec reased  h y 15KHz. The core was run  throug h many of these tempera-

t u r e  cy c l e s  and th e  f r e q u e n c y  of o sc i l l a t ion  kept  decreasing and would

never r e t u r n  t .  it s  or j r, m a  I f r e q ue n c y .

When t h e  ~ ind iugs  were  t aken  o f f  the  cores f o r  inspection , it

was  foun d  t h a t  t h e  cores had changed in si ze.  This would account

~or the  f r e q u e n c y  var iat ion .

Since i t  is u t t i  ik t ’l y th i~ t emp~- ratu rc  of the pay load would reach

22 ~~~
°

F , the cores were baked at t h i s  temperature for an hour before

t t ey  were  wound.  Fi gures  8, 9 and 10 are p lo ts  represen t ing  the

th:ce car~ dimensions for two separate temperature runs . The black

curve  is for the first temperature run artd the red curve is for the

second t empera tu re  run  of the same core.

As can bt- seen t ram these  graphs , the  core size changed very

l i t t l e  d ur i n g  the second run . T her ef o r e , since the core size was

cl- otg ing very l i t t l e , the  baking of these cores stabilized the fre—

qu e u e  of the  o s c i l l a t o r .  There  wa ’; onl y a 20 KHz chang e in f r e—

q u e n c y  dur ing  subsequent temperature runs . And the  frequency al—

way .~ returned to its or i b ina b value.

20 
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V. PEAK DETECTOR

A. Te~ perature Stabilization of t1ie Po.i~ Detector

The basic operation of the peak de t ectp r  was discussed in

Cii ap te r 11. This peak detector is sensit ive to teatperature varia—

t ions . Althoug h the capaci tors C1, C2 , C3 and C
4 
will track each

othe r with respect to temperature variations and therefore keep

the ratio of the voltages across them constant , the diode D1 will

d- if t approximately —2mV/0C. -This will cause the output of the

p-a ~ detector VFB to drift with temperature changes.

In order to stabilize the peak detector , diode D2 and resis—

tar  R / were added.  Since the resistor R is connected to the
J 4 14

— I S  volt supoly ,  d iode D 2 has a con stan t current of 300pA flowing

through  i t .  ~-~h eu  the t emperature changes the voltages across the

d i O d e S  D
1 and 0,, 

will also change. Since the cathodes of D
1 and

D , are connected together , this change in their  voltages will. can-

cel each other and keep the voltage ~~~~~~~~~~~~~~~~ Therefore , the

p~c!~ detector outpu t VFB will remain unchanged with respect to

t-: .:perature variations.

B. L U u ar i t v  of the Peak Detector

At low RF volt age levels the relationship between the input

v o lt a g e  of tho peak detector V
P 

arid the output voltage of the peak

d- -Le c tor  
~FB is non—l in ea r . This n o n — l i n e a r i t y  is a t t r ibuted  to

I-V characteristics of the d iode D1.

P. and R were  added to bias diode D . Wi th V 0 volts a
15 16 1 p

current of 8.33pA will. t low through D
1
. As will, be shown , by bi as-

ing this diode higher in its I-V cutVe we great ly improve the linearity

ol the peak detector.

26
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The computer program on the following pages is used as an at-ta—

lytical aid in detennininZ the degcee of linearity of  the peak de-

tector. The main program reads from data cards the sweep inpt~t

voltage and its corresponding peak RF voltage. These data points

• are printed and then are stored in two vectors X(I) and Y(I).

— From these vectors a plot is generated using Subroutine SL’!?LOT.

The subroutine called LINREG viii generate two important -

- 
pieces of information. First an interpolating polynominal is

— determined. And secondly, the subroutine determines the degree of

- 
f i t  (coefficient of determination r2) of these data points to the

interpolating polynominal. This coefficient of determination can

take on values that range from zero to one, with one being a per-

fec t f i t .  In order to determine this information, the technique

-
~~~~ of linear regression by the method of least squares

4 is used. We

solve f or the coefficients of the linear equation

Y a
1
x~~a0 (19)

Ex~y
- Nwhere: a1 =—  2

~~2 (Ex) (20)
N

a
0 N 

ai N  (21)

N = number of data points ~

The coefficient of determination r2 is defined as foUows:

a

25 
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The progra~n also calls Subroutt t - ie DER . This subroutine

;- as written to determine the derivative of a group of data points.

Lne subroutine has been generalized so it can be used if the data

ooiars are not in evenly spaced increments- . Then if necessary,

the derivative is interpolated for equidistant base points using

subroutine SP1.I~ E and then is plotted on a page printer plot.

Table I and Figure II are the computer outputs for the un—

cc~ ?ensated peak detector. Table II and Figure 12 are the corn—

pu ter outputs for the compensated peak detector. As can be seen

fr ~~ the tables , the degree of fit has improved for the compen—

sated circuit. In Figures 10 and 11 the black lines are plots of

the data paints while the red lines represent the linear appro ci—

::~ o~ s. As can be seen , the diode compensation has greatly im—

‘:a;ed the linearity of the peak detecto r for the low RF voltage

Since the sp ectrum of interest begins with atonic rtass units

gr e a t e r  than er equal to ten , we see f rom (9) with r
0 = .273 and

a ~r~quency o~ 2.3~IHz that we need a peak RF voltage equal to 28.46

vol:s in order to sample atomic mass unit ten. As can be seen from

F1- -ere 12, this voltage lies well within the linear portion of the 
A

curve. Therefore , the improvement  in the linearity of the peak de—

Le~~tur Is quite sufficient for the sp e c t r um  of interest.



PROGRAM PROJECT (INPUT ,OLITPUT)
DIMENSION X(’95),Y(95)

C N=NUMBER OF DATA POINTS TO BE READ OFF DATA CARDS
Na30
PRINT 6

6 FORNAT(lII1)
FRINT 7 - .

7 FORMAT(13x ,4 1cc(I), 13x ,4Hy(I ))
READ AN D PRINT DATA FROM CARD S AND STORE IN VECTORS X AND Y
00 1 I’~l,NREAD 2,X(I) ,Y(I)

2 FORMAT(F4.2,F6.4)
PRINT 3,X(I) ,Y(I)

3 FORNAT(2(10X,F7.4))
1 CONTINU E

C PLOT x(I) VS Y(I ) -
CALL SIMPLO T
CALL LINREG(X,Y,N,A1,AO ,RSQ)
PRINT 8,A1,AO

8 FORNAT(// 1OX ,SHY(I)— ,F7.5,211X-i-F7.5)
PRINT 9,RSQ

9 FORNAT(// 1OX ,41HTFIE COEFFCIENT OF DETER MINATION IS R**2=F7.S)
SWa 1
A’O.Ol
CALL DER (X,Y,N,SW,A)
STOP

a

SUBROUTINE LINREG(X Y ,N,A1,AO,RSQ)
— DIMENSION X(95) ,Y(95)

C INITIALIZE
SUNX=O.

SUNY=O.
SIJMXX=O.
SUNXY=O.
su~rfy.,,o

C CALCULATE SUMS
DO 4 I=1,N
SUNX ’.~X(I)+sUNx
SUMY=Y(I)+sUMY
SUNXY~X(I) *Y(I)+ suMX Y
SL 1XX~.(X(I)**2)+SUN,XX

4 SUNYY= (Y(I)**2)+ suMy y
C DETER MINE NUMERATO R AND DENOMINATOR FOR Al

- 
C CHANGE N TO FLOATING POINT FORMAT

RN=N
RNUMaSUNX’f_ ( (SUMX*SUMy) /RN)
DEN SIJNXX_((SUNX**2)/RN)

C DETER MINE Al AND AO
A 1=RNUM/DEN
AO= (SliMY/RN )— (A1*SUMK/RN)

C DETERMINE THE COEFFI CIENT OF DETERMINATION R SQUARED
RSQ~~(RNUM **2)/ (DEN *( SUMYY_ (sU MY We 2) / RN))
RETURN
END

27
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SU3ROU’I’LN E DER ( X ,Y ,N ,SW , ’ij
s. ;— ~ sERS SW ITCU 1 FO1~ EVENLY SPACED BASE POINT S
0 FOR U NEVENLY SPACED BASE POINTS

C N~N~ •tBER OF BASE POINTS
Y ( I )~ F ( X ( I ) )
A lNCRE~ EN T FO R TILE BASE PO INTS
DI~~NSION x(lOO),Y(lOO) ,z(lOO), DATA1( 100,2),CURV1(100 ,2) , DATA2(lOO
2),CRUV2(lOO ,2) - 

- -

C CO’~PUTE TiLE DERIVATIVE OF THE VECTOR Y (I )
-

- CAL L DGT3(X ,Y ,Z , N , IER) - -

C IF SW~O INTER POLATE FOR EQUIDIST AN T BASE POINTS
IF( SW) lO ,lO ,1l

C INTERPOLAT E FOR EQUIDISTANT BASE POINTS -
-

C WE WILL INTERP OLATE FOR B O T H X A N D Y M 4 D F O R X A N D Z
- 

C TO USE SPLINE WE MU ST TRANSFER THE RESULTS INTO A 100*2 MATRIX

— 
10 D O 3 I ~ 1,N

DATA.l(I,1)=X(I)
DATAI(t ,2)=’Y(I)
DXr A2(I ,1) .x(t)
DXrA2(I,2)=Z(I)

3 CONTL\’UE

C GZN E~~ fE BASE POINTS FOR CURV1 AND CURV 2
B~X (l)
J=N— 1
DO 6 I’~l ,J
CJRV1(I ,1)=B
CU RV 2 (I ,l)..B

6 C~ N INU E
CAlL S?LINE(DATAI,N ,CURV 1,J ,O,1.,1.)
CALL SPLIN E(DATA2 ,N , CURV 2 ,J ,O ,1., 1.) - 

-
C i~ 0T CURV1 and CURV2

!X~ 4 I=l ,J
x( :)=cu Rv I ( t , l)
1( I)-~c~~v 1(I , 2)

4 c3~;TI:u~
CALL PLOTALL (X ,Y,J)
DO 5 I=l ,J
X (I) =CU aV2(I ,1)
Z(I)=CURV2(I,2)

5 CONT INU E
CAL L PLOTALL (X , Z ,J)
G0 10 12

11 CALL PLOTXLL(X,Y ,N)
CALL PLOTALL (X , Z ,N)

12 A~~TJRN

28
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X(I) Y (I)
.0100 6.186

* - .0200 8.313 -

.0300 10.375

.0400 12.372

.0500 14.326

.0600 16.280

.0700 18.190

.0800 20.100

.0900 21.988

.1000 23~.877
.1100 25 .722
.1200 - 27.589
.1300 29.455
.1400 31.300
.1500 33.124
.1600 34.969
.1700 36.814
.1800 38.637
.1900 - 40.482
.2000 42.306
.2100 - 44.129
.2200 45.952
.2300 47.776
.2400 49.599
.2500 51.422
.2600 53.246
.2700 - 55.047
.2800 56.849 -
.2900 58.672
.3000 60.474

Y(I) = 185.755X+5.06088

THE COEPFCIENT OF DETERMINATION IS R**2=. 99979

a

TABLE 1 COMPUTER OUTPUT FOR UNCOMPENSATED PEAK DETECT OR

29
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X(I)  . Y ( I )
— .0100 5.035 - —

.0200 7.076

.0300 9.008

.0400 10.940

.0500 12.828

.0600 14.673

.0700 16.518

.0800 18.363

.0900 20 .187 - 

-

.1000 22.010
• .1100 23.833

.1200 25.635

.1300 - 27.458

.1400 29.960

.1500 31.062

.1600 32.863

.1700 34.665

.1800 36.467

.1900 38.268 I -

.2000 40.070

.2100 41.850

.2200 43.652

.2300 45 .453

.2400 47.233

.2500 49.035
— .2600 50.836

.2700 52.616

.2800 54.418

.2900 56.198

.3000 58.000

Y(I) = 18I.458X+3.72490

THE COEFFCIENT OF DETERMINATION IS R**2 — .99991

- TABLE 2 COMPUT ER OUTPUT FOR COMPENSATED PE AK DETECTO R

30
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VI. RF OSCILLATOR PROTECTION CIRCU1T . 
.

a

A. Theory of Operation

The RF oscillator has an inherent problem. Transient signals or

high sweep voltages may cause the oscillator to enter-a “lock—up” node

of operation. In this mode the oscillator will either oscillate at a

high harmonic frequency , or it will stop oscillating altogether while —

continuing to draw excessive current. Th~is will cause the transistors

in the oscillator to exceed their power ratings, thus destroying these

devices. Also, once it enters this mode, control of the oscillator is

totally lost. Only by reducing the voltage to zero and then restarting

the oscillator will the normal mode of operation resume.

= Conventional current limiting circuits, including foldback types,

-- are not adequate to prevent the condition. Although the power transis—

tors will be protected , the oscillator ‘will not recover to the normal

mode of operation. To insure proper operation of the oscillator during

calibration and flight, a protection circuit has been developed.

- - The RE oscillator protection circuit is shown in Figure 6. The

circuit consists of three sections: a voltage regulator, a current

sensing and amplifier section and a Schmitt trigger. The azaplif ier sec—

tion has been introduced in order to eliminate the possibility of acci—

- dental switching of the Schmitt trigger caused by RI radiation.

Power for the oscillator is supplied from a 40—volt battery. This

40 volts is then regulated to 36.5 volts through a series regulator which

consists of the components Q1, D3, D~ and R
6
. The base of Q1 is biased

at 37 volts using two zenor diodes D3 and D
4
. Since the base voltage

is constant, the emitter of Q1 remains at 36.5 volts. This voltage is

33 
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then applied to the collector .of the power transistors of the oscillator

through a one ohm resistor. - — 
-

In order to protect these transistors from exceeding their power ratings,

a current of .782 amperes is a reasonable maximum value. This current will

produce a difference voltage ( t~V ) of .782 volts across the one ohm resistor.

The ~V is then amplified by A4 and connected to the base of Q2
. Depending on

the value of ~V , Q2 will either allow the sweep signal to drive the oscillator

or it will force the sweep signal to approximately zero volts.

When ~V is less than .782 volts , the output of A
5 
will be at —15 volts

causing Q
2 

to be cutoff. This allows the sweep signal to control the oscillator.

However , if ~V reaches .782 volts, the output of A
5 
will be +15 volts. This

will cause Q
2 

to saturate and will force the sweep signal applied to the

oscillator to be the saturation voltage of the transistor which is 0.3 volts.

Since the input is now 0.3 volts, ~V will also decrease to approximately zero

volts , causing the Schmitt trigger as to switch Q
2 
into cutoff, thus releaseing

the input.

If the sweep signal has decreased to a voltage such that t~V will be

less than .782 volts, normal operation of the oscillator will resume. However,

if the sweep signal has not been decreased or has increased , the sweep input

signal will again be forced to 0.3 volts by the switching of Q . This in turn

will cause ~V to decrease to approximately zero and the sweep signal will be

released again. The protection circuit will continue to oscillate, driving

the input of the RE oscillator to zero, until the sweep signal is decreased.

~

-- 
U
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As described above ,- t~ e power transistors of the o~cill~ tor are . - -

protected by ~ot allowing the sweep signal to drive the oscillator

above a predetermined level. This will also exclude the possibility

of the oscillator entering a “lock~up” mode of operation.

B. Derivation of Circuit -

The RE protection circnil - uses two :pA74l operational maplifiers .

One is used iz~ -the basic amplifier configur~ tion (A4) and the other

is used as a Schmitt Trigger (A5—)- . The output of the Schmitt -~ rigger

controls the ~sweep input signal by switching Q2. -

A
4 

and its associated components ~re responsible for the detection

and amplification of the voltage AV where t~V = Vi — V
2. Since the emit—

ter of Q1 is held at 36.5 volts (V1), the voltage divider consisting of

and R2 establishes a reference voltage that is applied to the non—

- inverting input of A4. The voltage divider consisting of R3 and

establishes the voltage that is applied to the inverting input of A4.

The equation for - the output voltage (V
01

) of A4 is

~2 [R3,~~ 4-] [R3
+R~~ i 

~~~ R~ flR4 ] [i~1
+R2 I (23)

Select the gain of A4 to be equal to 100,

select R3 
10K,

R
4
— 1.1K , —

R
5 

99K ,

R (24)
then 5 ]00 , and

3 4

a
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- - K 
- - K

V 0. -
~
‘ —V 2(100) 

6 
- - 1 V 1(l Ol) ~~~ 

- ( 25)I R + R - 
-

= 

~2 ’ w~~wanL 0 volts , so - 

- 

- . 

-

- - 
-

- - 
-
~ ~~~~~~~~ 9K , -: 

- 

-

~ 1K ~end 
‘ 

- 
-

~~~~

-— -

~~ 

R 
r 

R 1 - 

- .

— L~’ ÷ K2 j ~ 
1) -

~ (26)

~- i c ~ these valu&~s of - components V01 
will be zero volts for ~V 0 and

±13 volts for i~V = 1 volt. This voltage is then applied to the in—

oi the Schmitt Trigger.

and K
8 cstablish a trigger reference 

voltage of 7.82 volts

- 
f~: ti~~~ Schmitt trigg~r. Since A5 is using only positive feedback ,

~- ‘~zp ~xt vo1t~ge (V09) will switch between-l4volts and +14 volts

on th~ voltage that is applied to the non—inverting input.

c- ; equations for the voltage at the non—inverting input (V
L 

and

- 

[~~1:~

°

~~~~~ 9 101 [R ~~ L R 1  [-14] (27)

~ [ ~~~~~~~~~~~~~ ~LR9 lj 
~÷14] -~ . (28;

L 

~ hysteresis of  2.~ volts (V
11~5) is incorporated into the trigger cir—

~~~~

R
~~IR

~~~~ V
11 
- VL 28 

R91 1R 10 + R11 
= 2.~ . (29)

-
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Select 9 10 -1K and (30)

“9 ”10 -

therefcre: R11 10.2K 
.

Since the amplifier will switch when V
L 

7.82 volts , we obtain the

following:

R
9 
R
10 

- 

— 782K (31)

- 

R9 + R 10. 9

4

- - 
- R9 782 = 1.28K - j

(32)

K10 
— 4.57K .

In order to reduce the average power consumption of the RE os—

cillator during the time that  the protection circuit is osciilating ,

D5, C9, R12 and R13 have been added . This power reduction is accom—

- 
- pu shed by Increasing the time during which Q

2 
is in saturation. When

+14 volts , Q
2 

Is saturated and C
9 

wiU be charged . After A
5 switches,

— V02 will be —14 volts and C9 
will discharge through R i3 and Q2, thus in—

creasing .the time that Q
2 

is In saturation. This will cause the RE

oscillator to remain off for a longer period of time and therefore its

average power consumption will decrease.

.

— 
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