B g, B » e N - - o
Bt Ul T Xy Y = Fiaah = s
f’f‘;‘l?f?—:.‘?"} .-:"?&-.;"«,qnaﬁ‘ SN, (TR R v 3
NEY XL ?,g,gf‘;:iﬁ., > ﬁaﬁ\!’f‘;‘i‘ﬂ“"xﬁ"’ L o §
A N T - e T - b
e 0 R e ‘ﬁ}w@_ ;
o aves: C4 P s Lt e o O =5 Ny by ¥
" -.-;_’:'n;ﬁ?m AT RS st g e A e b
B '1\-4,-,;'-_':\\ v“‘kl'ft‘i‘ > > Pl daee ntii e LNE ¥IT 2 73 o K
o T AR R i WA P AT AT i
T ot E TSy oo R T -
{ Y- AT SEER R SRR Y
191 100 2
M -ze'i',_x' e v#‘m-
ST BN e
i RIS Wi
Py - 2 < y
=, o e T

b, o )
iy F“”"L?“%
ek o fax TN (b v et T e o PRI ERT R
e e G e
B R A ot
t by RIS o s

; e

BN IS I e
O ‘.;‘, %

3 & A 2

o L2 wi + A
LI 2‘. ey, B {3
. P N RE L
bl of i 5

¥

. TRA: s dATL A AR TP
R A A AT L

%rﬁi‘z‘:’%ﬁr’fm‘* 5 -aa‘t::a&.z.iéu- AT e T
: R A AR R

h.'él‘g?%: 1Y

POLY-WRI 1567-39
Final Report
under
ARO Contract No. DAAL03-88-K-0119
Low Frequency Gyrotron Amplifier
Investigation-Phase II
for the period
July 1, 1988 - September 15, 1989

e
53
3

P oy e L
Er AT

v
o

(oZor
AR R
T e

A58

3¢ A o o i
ﬂ{g&:f;&gﬁ*w Ty
Al

»

..i_k\i; ; »Yn.l' Atvs
(&) Sl I GH
R e e P
i Soro Jt IS ity o
e e

[ 3H

Ve
RS

P oy <
|"=|F n,g
iy ool
i

w0
I




POLY-WRI 1567-89
Final Report
under
ARO Contract No. DAAJ.)3-88-K-0119
Low Frequency Gyrotron Amplifier
Investigation-Phase II
for the period
July 1, 1988 - September 15, 1989

Weber Research Institute
Polytechnic University
Route 110
Farmingdale, N.Y. 11735-3995

B.R. Cheo
Principal Investigator

ELECTE g™
JANZ4 1990 K

e 90 01 22 130

Approved for public release;
Distribution Unlimited




UNCLASSIFIED MASTER COPY - . FOR REPRODUCTION PURPOSES
Iy CATION OF THIS PAGE.
P "

REPORT DOCUMENTATION PAGE

e e T~ . e ot
Ta, REFORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
[ 2. sscumlw c;l.;\sii"i smc,o.i TION AUTHORITY 3. DISTRIBUTION/ AVAILABILITY OF REPORT
35, DECLASSIFICATION 7 DOV/NGRADING SCHEDULE Approved for public release;
distribution unlimited.
'I'4, PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

POLY-WRI-1567-89

Aly 25 3%93.3-PH

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7s. NAME OF MONITORING ORGANIZATION
. . . . (If applicstie)
Polytechnic University

U. S. Army Research Office

8c. ADORE3S (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
Weber Research Institute P. 0. Box 12211

Polytechnic University R . . _
Farmingdale, NY 11735 esearch Triangle Park, NC 27709-2211

82, NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (f 2pplicable)
U. S. Army Research Office DAALOZ-T-K-0/1F
8¢. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASY WORK UNIT
P. 0. Box 12211 ELEMENT NO.  |NO. NO. ACCESSION NO.

Research Triangle Park, NC 27709-2211

11. TITLE (include Security Classification)

Low Frequency AGyrotron Amplifier Investigation ~- Phase |}
e
12 A AUTHOR(S), Bernard Cheo .
‘n‘_
13a.5, FRENR 13b. TIME COVERED 14; DATE_OF REPORT , Month, Day) |15. PAGE COUNT
\ AL FROM T 169" 550, 1%? 37

16. SUPPLEMEN 1 Aar:.-NOTATION ‘
The view, opinions and/or findings contained in this report are those

ofl'i'he authgr(i) and shguld not .be, construed as an fficijan%nlgﬁgrtment of the Army position,

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Gyrotron, Wideband Amplifier, Disc Loaded,
) Hybrid Mode :

19. ABSTRACT (Continue on reverse if necessary and identily by block number)

The dispersion relation of a periodically disc loaded cylindrical waveguide is
delivered for the H11 mode, in connection with a wide band gyro-TWA analysis.
The results are shown to match accurately with the exprimental results. The
characteristic impedance of this cold circuit is also derived and shown to match
experimental results accurately through measurements of the return loss ot the

circuit. The possibility of absolute instabilities is discussed.

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
CIUNCLASSIFIEDUNUMITED [ SAME AS RPT. ] DTIC USERS Unclassified i
222, NAME OF RESPONSIBLE INDIVIDUAL [220- TELEPHONE Uncluds Asea Code) [22c. OFFICE SYMEOL :
Bernard Cheo (516) 755-4202 |
OD FORM 1473, 84 MAR 83 APR edition may be usad until exhausted.

SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete. UNCLASSIFIED

PSP CERSE L 23 e



/> Abstract

The dispersion relation of a periodically disc loaded cylindrical waveguide is
delivered for the H11 mode, in connection with a wide band gyro-TWA analysis. The
results are shown to match accurately with the experimental results. The
characteristic impedance of this cold circuit is also derived and shown to match
experimental results accurately through measurements of the return loss of the circuit.

The possibility of absolute instabilities is discussed.

e <%

Accession For s
NTIS GRA&I ol
DTIC TAL m|
Unannounced (]
Justification |
By

Distribution/

Availability Codes
Avail and/or

Dist Special //’ﬁ—
: )
! \

kbt

e d e NN &,




I. INTRODUCTION:

In a recent publication [1], the feasibility of using ai
disc loaded circular waveguide as the circuit for a gyro-TWA to achi-;
eve high quality wideband operation was shown. The operating mode was !
the hybrid Hy4, mode associated with the disc loaded circuit. The fieldA
distribution of this mode near the axis is the same as that of the :
conventional TE;; mode. Hence, the use of the conventional gyrotron‘

dispersion relation, with some minor modification, can be justified if 7

the beam is confined near the axis. The analyses were based on using a

polynomial of a higher degree than the typical hyperbola relation for

a smooth waveguide to represent the circuit dispersion relation. The ;
coeficients of the polynomial were obtained from curve fitting with |
the experiment:l measurements on the cold circuit. However, for the :

theoretical work to be self-contained, the dispersion relation should

be based on an analysis of the boundary value problem. This is where

numerical difficulties were encountered. The convergence to a solution j

was very sensitive to ‘'the design parameters of the circuit. In the
following, we first éresent a different approach which yields the
dispersion relation equations that overcomes this problem. This ap-
proach gives excellent agreement with the experimental results. This
paper is also motivated by new data of experiments performed at ETDL.
In particular with regard to the circuit reflection cceficient to
which we devote a section of this paper, together with the derivation
of the characteristic impedence of the gyrotron circuit. In the lasé

section, we discuss the possibility of an absolute instability which

was not explicitly discussed in [1]-[2]-[3].

2.
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IX. DISPERSION RELATION OF THE COLD CIRCUIT:

The analysis of the cold circuit performed in the previous!

work [1] was made by solving the boundary value problem of the disc!
loaded waveguide geometry (Fig.1l) while invoking the Floquet theorem. ;
Fields in region I and II are expressed in terms of the fundamental,

modes in the respective regions. Continuity of E H and E,, H, at.

o' ¢ 2
the boﬁndary r = a are forced, and a set of homogeneous equations for]
the modal amplitudes are obtained. For non trivial solution, the
‘corresponding determinant must vanish. This then yields, in principle,é
the circuit dispersion relation for the entire Brillouin diagram. It%
is the solution of an infinite determinant equal to zero. The conver—:
gence to an accurate numerical sdélution while truncating the infinitei
matrix is the problem which has not been resolved in general. Instead!
an adhoc method was devised for the problem at hand. The method [1]5
was not entirely successful siﬁce the accuracy of the solution was%
very much dependent upon‘the value of the periodic length L (Fig.1)::
for accurate results, the value of L would not be useful for the high?

quality gyro-TWA applications; and conversely, for parameters suitable

for high quality gyro-TWA applications, the numerical solution for the

i S S

cold circuit converges poorly. In this paper we present a different |

approach. It was decided that the circuit is to be described as a

fas e 2

transmission line loaded periodically by shunt suceptances. The dis- {
persion relation of the periodic circuit is obtained from the sucep—z

tance B of a single iris with the help of the Galerkin method which

2 L3S v,

provides a powerful numerical tool for a relatively fast and accurate i

convergence of the solution. This was demonstrated by Scharstein and

3.
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Adams [4] upon whose work, with some minor modifications, we based thel
|
first part of this paper. With reference to Fig. 2, the fields at z =

0 are given by:

* In region I, the TE11 is the only incident field, and all the

TEln and ™qp (n=1....») are reflected fields, i.e.,

-~ oIh
Ey = e3

- vh Ih
Hy = ¥y hy

= Ih _Ih Ie _Ie
E, = En{vn en t+Va e&n }

- Ih Ih Ih Ie yle yIe
By = “zn{Yn Vo bBno + ¥y Vq by }

* In region II, all the TE,, and TMln (n = 1...o) are transmitted

fields, i.e.,

E, = zn{ngh eIIh 4 ylIe nge}

Hy = -Zn{YﬁIh viIh pIIh , yITe yIle hgxe}
where e and h are the modal vectors [5], the superscripcs e and h
correspond to the TM and TE components respectively, and I and II
correspond to the two regions as depicted in Fig.2.

Across the aperture, H must be continuous. Making use of the
facté that the two regions arglidentical (ggh = ggIh = gﬁh, etc) and
that -z, x h, = e,, the continuity of H across the aperture at z = 0

can be expressed by:

h h _ o= h ¢h h e ye e
v} ef® = Ip . {vn VR ea® + v§ v§ ep°) (1)
The electric field over the aperture is given in terms of the modal
fields by:
= po h _h
Eap = Zk=1{vk e + Vk Eﬁ} (2)
Taking the inner product of the aperture field with a modal field

will yield the amplitude, viz.,




vV, = <Eap,en> = fs gap.gn ds (3)§
where S is the aperture cross section. Substituting (2) into (3), and
the result into (1), we get:

vh P = g2 {vR(r vi<eR eptoelP + I VE<ef epMoepl) +
YR(L, Vi<eR 5 eh® + I VR<eR. e)%>es®) | (4)
where the primed quantities are associated with the aperture and the
un-primed with the waveguide. We now take the inner product of (4)
with the aperture mode functions, first with gih and then with gie to
yield the following set of equations:
Zﬁ=1 Z:=1{(Y2<gih,gg><gg,gih> + Yg<gih,gg><gg,gih>)VE +

(Yg<gﬁe,gg><gg,gih> + Yg<gie,gg><gg,gih>)vﬁ} = Y?<g?,gih>

Ipe1 Lpey{(Yh<ei™ efi><efl e1®> + vi<epP ef><ef ef VR + X
(Yg<gie,gg><gg,gie> + Y§<gie,gg><gg,gie>)VE} = Y?<g?,gie>
which can be written in matrix form as:
ap g\ [\ [ 6
wap vie) \vg) Lt )
where
1§ = v} <eb g™
1§ = Y? <g?,gie>
. Note that I§ = 0 since the TE;; mode is the only one incident.

This makes the RHS of the second equation in (5) equal to zero. Solv-

ing equation (6) will yield Vg, the amplitude of the hybrid propagat-

ing H;, mode across the aperture at z = 0. This solution will be

complex and must equal the incident and reflected amplitudes, i.e., ,
VB =u+ ju=1sr

Since, in the first approximation




E

we finally get B = -2v/u.

We now have a transmission line of characteristic admittance Y.
periodically loaded with shunt admittances Y ; = jB (Fig.3). The dis-
persion relation of such a structure is easily derived to be:

Y

s
j —=— sinBL = 2(coskL - cosBL)

Yo

that is,
KL = cos™'{cosgL - B/2 singL} (7)
where f is the propagation constant of the TE;; mode.
This whole procedure was programmed into a desktop computer,
with numerical solutions obtained for wvarious yalues of parameters a,
b, and L, and the results compared to the éxperimental.data. Fig&res 4
through 8 show the numerical and experiﬁental plots obtained. The
agreement is indeed excellent for large aperture. The slope of the
dispersion curves and the range of allowed frequencies depend on the
ratio a/b, and the larger this ratio, the better the agreement. The
suceptance of the disc varies with frequency as could be expected: it
is inductive over most of the passband, goes through a resonnant
point, and becomes capacitive near the higher cut-off. The discrepancy
between the results is quite small for a/b > 0.5, the maximum error

anywhere being less than §%, and it is largest near the cut-off poin-

ts. It stems from the fact that, near the lower cut-off, the numerical
suceptance is too inductive, whereas it is too capacitive near the
higher cut-off point. Introducing more capacitive terms in eq.2 makes

the error almost vanish near the lower cut-off point but increases it

-6-
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near the higher cut-off, and vice-versa. For the model (Fig.4) used
for the analysis in [1], the agreement is nearly perfect for the
operating frequency band, and egqual to about 1% at cut-off points.

Similar accuracy is also seen for other models (Fig.5-7).

ITI. THE COLD CIRCUIT IMPEDANCE:

The dispersion relation obtained in the above is that of the
circuit of inrinite length. In the real situation of the gyro~-TWA, we
found in [1] the optimum length to be the eguivalent of 18 periodic
lengths. Of interest is of course the impedance characteristics from
which the feed circuit can be designed. In the experimental set-up,
the disc loaded circuit is fed through a smooth cylindrical waveguide
of radius equal éo b, propagating a TEq; mode, and loaded by the same
waveguide containing a conic absorber. To describe this circuit, we
find the characteristic impedance Z. of the disc loaded circuit, based
on the approach described in [6]. We then use the well known formulas

of impedance transformation to fin! the input impedance Z2;, at z = 0,

hence I'(w).

.

Thus, starting with a unit cell (Fig.3), the characteristic impe-

dance of a periodic structure is given by:
211 = 239 _
Ze = -——--; ----- + Zq19 sinhyL

where y = jk and the Zij's are that of a unit cell. Since the cell is

symmetrical, 2;; = Z,,, and the expression for Z_, reduces to:

PPN

T N




Now, by definition of Z,, and a few simple algebraic manipulations, we

get:

2o = mmmmmmmmmm e e (9)
B(1 + cosBL) + singL
2

We can now substitute eq.9 into

where 1 = 18L, and the result into the expression for r,i.e.,

Fig.9 shows the plots of the numerical and the experimental values of
I. The agreement is remarkable: it proves the validity of the approxi-
mation made in Section I which, not only simplifies the equations
considerably, but also gives accurate results and shows all of the
experimental features observed. Thus, we see that, over the range of
frequencies of interest, what showed in the previous approach as a
passband becomes now a series of resonnant and antiresonnant frequen-
cies which alternate in an interference pattern. A number of fringes
(or lobes) appear whose width is not constant but very narrow near
both cut-offs and wider around the middle of the band. Also, the
reflection is high near cut-offs as could be expected, but much lower
in the passband. To eliminate reflections from both ends, the gyro
circuit should be fed with a cylindrical waveguide of a different
radius whose characteristic impedance is equal to 2, of eq.9. This

will insure the equality of the match through all the experimental

arrangement.

8-
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IXITI ABSOLUTE INSTABILITY IN THE GYI'O—TWA:

In the previous paper [1], we discussed and showed how a par- L.
ticular beam mode can be chosen to interact best with the H;; mode of
the gyro-TWA circuit: the slope of the beam mode and the electron
cyclotron frequency @ can be adjusted to achieve a reasonably flat
linear gain over the whole frequency range of the first Brillouin
zone. Higher gain may be achievable, but at the expense of a smaller
bandwidth, and with the added risk of creating an absolute instability
néar the lower cut~off. This is shown by the extraordinarily high gain
obtained when using real o complex k in the linear analysis of the %
interaction. (Notice that this does not happen when complex o real k !
is used.) This is an indication of the likelyhood of the onset of the
absolute jinstability which appears whenever k. = w;/c and k, = fi/c are
very close. This is shown in Fig.10. Therefore, one way to deal with
this problem is to separate k, from ky, by increasing the gap between
the two. However, this can be done only to a point because, one may
lose the benefits derived from the use of the TWA circuit by doing so:
aﬁother parameter has to be taken into accecunt which will ind=ed
provide for the strength and the range of the interaction. By increas-
ing the gap between k_ and ki, one has to decide whether to keep the
slope constant. This will change the effectiveness of the interac-
tion by changing the linear gain, the "passband", and also the flat-
ness of the curve. It is however possible to find a beam mode which
optimizes, and at the same time tunes away the absolute instability.

To verify this behavior, we also looked into the effect of decre-

asing the beam current. This of cours2 will decrease the linear gain,

9-




but the decrease will be mild since the gain is proportional to Ié/s

only. However, from Fig.11, the peak close to k = 0 which represents
the absolute instability is dramatically damped. For a low enough
value of the current, two regilons appear separated by a sharp drop in
the gain: one very narrow region with a large gain, the other com-

parable to what we had before except for a smaller bandwidth.

CONCLUSION:

We have presented in this paper a new way to derive the disper-
sion relation of a disk loaded cylindrical waveguide which gives very
accurate results. The characteristic impedance was calculated as well
as the reflection coeficient, the results comparing extremely well
with the experiments. Tpe possibi}ity of the existence of an absolute

instability is discussed, and ways to prevent its onset presented.
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Fig.3 Periodic shunt suceptances and a unit cell
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APPENDIX

Documentation of Computer Programs

1. PROGRAM # 1, FOR LINEAR ANALYSIS
WITH COMPLEX FREQUENCY

3
f
3
q
k-
3
¢

e

Let us begin by introducing the first program which is used for the computation
of the linear analysis . The program ﬁnd§ the complex frequency solution of the ]
linear interaction for a given real value of the propagation constant X, . In this case
the equation is a function of the complex frequency F and is of the fourth order . i
Four distinct roots are determined : two of the roots are real and two are complex
conjugates. The complex root with a positive imaginary part is the one of interest :
it represents the frequency at which there is gain , determined from the imaginary
part .

The program , written in FORTRAN 77 , is under the file name LA2 with
an extension { .FOR } for the source file , and { .EXE } for the executable file .
Therefore , to run the program on an IBM PC or any compatible computer , you

should type LA2 the name of the executable file , followed by pressing the RETURN

key . :

The following screen comes up :

LINEAR ANALYSIS OF A GYRO-TWA INTERACTION SOLUTION
WITH COMPLEX F GIVEN REAL PROPAGATION CONSTANT K, *

THIS PROGRAM COMPUTES THE SOLUTION OF THE LINEAR

ANALYSIS PROBLEM THAT WILL BE USED FOR THE NON LINEAR
ANALYSIS COMPUTATION. YOU WILL NOW BE ASKED TO ENTER
THE DATA . THEREFORE YOU SHOULD FOLLOW THE PROMPTS .

21-
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After reading this , press tiie RETURN key to continue .

1.1 THE BEAM MODE

The first set of data you will be asked to enter relates to the beam mode .

To the question

ENTER THE BEAM VOLTAGE

You should answer by typing the value of the beam voltage in Kvolts , only the .

numerical value is inserted without the units . After pressing the RETURN key ,
you will be asked :

ENTER THE BEAM CURRENT

As before , you just enter the beam current value in Amps, without typing the units.

And press RETURN to continue.

1.2 THE WAVEGUIDE MODE

The circuit mode , as described by the equation K? = a;K* + apy K% + ag is
now going to be computed , and therefore the equation parameters are to be entered

in order that the computer process to the computation . However , a choice has to

be made here to insert the cut-off wavenumbers , or the cut-off frequencies , or the

ais factors to be used .

22~
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**WAVEGUIDE MODE***

ENTER:1,IF YOU CHOOSIE Kp,and Ky

ENTER:2,IF YOU CHOOSE F¢,and Fp,,

ENTER:3,IF YOU CHOOSE Ao, A2,and A4

—K, is the lower cut-off wavenumber at K; = 0.
—Kn is the(upper cut-off wavenumber at K, =« /L .
—F, is the lower cut-off freqency.

—Fp, is the upper cut-off freqency.

—Ap, Az,and Ay are the coefficients of the

polynomial approximation.

Enter your choice of the set of parameters to be used in the computation. For 4
example , if you want to use K, and K, ,type 1 followed by pressing the RETURN 3

:
key . 3

The computer will respond with the following

ENTER A VALUE FOR K,
ENTER A VALUE FOR K,

St

Press RETURN key , each time you insert data to be processed by the computer .

STRICTRVEEIT R JUEWICVE A

If Ay ,A, ,and A4 have been choosen , you will be asked to enter values for these

coefficients . And the computer v:ill display the following :

ENTER A VALUE FOR 4,
ENTER A VALUE FOR A,




ENTER A VALUE FOR A4
Press RETURN key , each time you enter A; 's values .
Next , you will be asked to enter the periodic length L in meters.

ENTER THE PERIODIC LENGTH L

Note : When you choose A}s coefficients , you don’t have to enter L , because it

is computed by the computer.

The computer will display another message asking you to choose one of the

following :

**CHOOSE ONE OF THE FOLLOWING**

CHOOSE A VALUE FOR K3 , ENTER: 1

CHOOSE A VALUE FOR 8, , ENTER: 2

CHOOSE A VALUE FOR ALFA, ENTER:3
CHOOSE BOTH VALUES K, AND ALFA , ENTER: 4

—Ky is the wavenumber related to the electron
cyclotron frequency .
—f; is the normalized longitudinal phase

velocity 3. = (v.,/C).

Alfa , a parameter coefficient , is used to determine the value of 8, and Bp . It is

a ratio defined st *hat & = §,/8. = v,/v. . Where B, is the normalized parallel
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phase velocity over ¢ , (8, = vp/c) , and B is the normalized longitudinal phase

velocity over ¢ ,(8: = v./c) .
Type the number corresponding to your choice , followed by RETURN key .

For example :

— if you enter 1, you will see on the screen

CHOOSE A VALUE FOR K,

enter a value for Kj , then a and 3, are computed .

— if you enter 2 , you will see

CHOOSE A VALUE FOR 8.

enter a value for g, , then K} and « are computed .

— if you type 3 , you will see

CHOOSE A VALUE FOR ALFA

enter a value for « , then K and 8, are computed .

— if you type 4 , you will see

CHOOSE BOTH VALUES K, AND ALFA

enter a value for @ and K , then only 8, is computed .
Once you have entered all the input data , a display of the LA Menu will be

displayed on the screen.
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This ends the first part of tue program . The computer will now solve the
problem and display the results . If the screen moves too fast , use the CTL-NUM

keys simultaneously to stop the scrolling , and press RETURN to continue.
After the last result is displayed , the computer will show the following screen :
* THESE ARE THE INPUT DATA INTRODUCED FOR THE COMPUTATION *
VV,2)5,3)K,, 4 K, 5 L, 6) Alfa, 7) Ks, 0) To continue
** DO YOU WISH TO CHANGE ANY ONE OF THE INPUT VALUES 7 **
IF SO CHOOSE ONE OF THE NUMBER IN FRONT OF EACA DATA , AND

PRESS RETURN KEY . OTHERWISE JUST ENTER "0” , AND PRESS RE-
TURN KEY TO CONTINUE .

In front of each input is an integer number . If you wish to change one of the
values , type the number placed in front of that variable , and press the Return key.
You will return back to the input data entries screen . After inserting the new data

the new screen is displayed . To continue the computation just type 0 (zero) .

1.3 UTILITIES

Now the computer asks you what to do with the results : print them , or save
them , or make changes . Therefore , the following message helps you choose what

to do next .
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*ENTER ONE OF THE FOLLOWING OPTIONS**

ENTER: 1,To print or to save the result.

ENTER: 2 ,To change all Input values.

ENTER: 3 ,To change the Wave Guide mode only.
ENTER: 4 ,To change the beam mode only.
ENTER: 5 ,To go to the MENU.

Choose one of the above in the usual way.

1.3.1 PRINT/SAVE MODE

If you want to print the results type 1. In that case the computer asks you to

select one of the following modes .

**SELECT DISPLAY OR PRINTING MODE**

ENTER: 1, display on screen and save result.

ENTER: 2, use printer (result not saved)

If you choose 1, you will see the results displayed on the screen and saved in a file.
However , If you choose 2 the result will be printed , and not saved . Therefore ,

you will get the following message :

NOTICE :
When you are asked about UNIT 4,
—Type 4 ,the UNIT number, a file is opened with
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a title 4 , and the result is saved . To call

this file type 4 at the keybord .

Therefore, if you enter 4 for the Unit number, you get a screen display of the
results, and the output is saved in file 4 that can be retrieved just by typing the file

name 4 .
1.3.2 CHANGE OF INPUT DATA

— To change the input values,type 2. The program takes you back to the beginning
and ask you to enter new input values for Vj, I, and so on .

— To change the waveguide mode type 3. Consequently, the program asks you to
change K,, and Ky, or F¢, and Fi,, or Ag, A2, and A4; the beam mode and all
other variables -rema.in unchanged.

-- To change the beam mode type 4. The program asks you to change K}, or 3, or
Alfa, or Alfa and K, simultaneously ; the waveguide mode and all other variables

remain unchanged.

To go back to the Linear Analysis Menu ( LA MENU ) type 5 . The LA Menu is

displayed on the screen.
*kk | A MENU ***
WHAT WOULD YOU LIKE TO DO NEXT ?

WOULD YOU LIKE TO PRINT OR REVIEW THE RESULT, ENTER:1
WOULD YOU LIKE TO CHANGE ANY INPUT, ENTER:2
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WOULD YOU LIKE TO CHANGE THE BEAM MODE (a, K; ,8: ) ENTER:3
WOULD YOU LIKE TO EXIT, ENTER:4

Well, if you type 1 you get a review of the results; if you type 2 you make changes
on the beam mode, or the waveguide mode, or the periodic length L, etc. If you
enter 3 you can only change the beam mode (@, K} , or B; ). Or if you want to
stop and quit the program type 5.

This last message ends up the job of the program # 1, and therefore you may
want to perform the computation again with new data input, or just exit. Next is

a summary of error messages that you may get .
1.4 ERROR MESSAGES

In this prc;gram we have set up warnings , and error messages to help you stay
in the program, so that it is possible to correct the mistakes that occured during the
computation. However, the computer displays a clear and readable message about
what went wrong during the execution, and lets you give another try.

— The following message
" Wrong input , try again ”

means that you have entered a number not defined. Try to read carefully and choose
one of the given numbers; the number has to be an integer. Otherwise you get an

error message such as :

Data format error .
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— The message

SQRT of negative argument

is a root square of a negative number which gives an error message . After that

press the Return key , the computer will respond with the following
chocse a new value for Ay , or Ay
In this case the message tell you which coefficient to change. Many messages of
that type are included in the program to help you change any input that may lead
to the computation of an SQRT of negative argument .
— The following error message

Error : Data format error in file user.

Comes up when you are asked to make a choice of an number to be entered in order

to select an option for the next step , for example in the message :

Enter : 1, choose K

Enter : 2, choose 8,

As you see the only options permitted here are : choose K} or B, , therefore you
have to enter one of the numbers in front of each options . However , You get the

error message when you type a character , or a floating point number instead of an

integer.
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This ends up some of the error messages in the program, however, there is a lot

of more messages which are not included here, but you will find easy to correct by

using the few examples already stated.

2. PROGRAM # 2, FOR LINEAR ANALYSIS ’
WITH COMPLEX WAVENUMBER ;

This program presents the computation of the linear analysis with the wavenum-
ber K complex . It is a replica of program # 1. Well the program is under the
filename LAl with an extension {.FOR } for the source file, and {.EXE } for the
executable file. To run the program type LA1 at the keybord .

First it will ask you to enter the input data one by one until the last one , and

then the program is executed. After the work is done, you will be asked about the
way to have the output displayed , either to print it, or to save it. If something
goes wrong during that time, you will receive an error message , and when you press
Return key you will get a message that helps you correct the input variable without
quitting the program.

The only differences between the two programs are in the output. At the end,
after finishing the work, the result is displayed; however, if you may wish to continue,
a menu show you different options to choose what you want to do next. Otherwise,

if you want to quit type the number used for exit.

3. PROGRAM # 3, FOR NON LINEAR ANALYSIS

The non linear analysis is computed by program # 3 which is in the files NLA
and SUBNLA ; the source program has the extension .FOR , and the executable
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program the extension .EXE . The file SUBNLA is a subroutine file , you must run
the two programs together. First you should get the object file for each program
by compiling each separately , and then at the linking stage type the following
command on the screen : ” LINK NLA SUBNLA ; ”. After that you will have an
executable file under the name NLA. The input data to this program is the result
of the linear analysis with complex frequency , which is stored in a data file called
DATAFILE2 for convenience . This file is called directly by the program NLA itself.

To run the program type NLA , and the following screen comes up :
3.1 USING PROGRAM # 3
**NON-LINEAR ANALYSIS OF THE GYRO-TWA INTERACTION**

FIRST OF ALL THE PROGRAM WILL EXECUTE THE COMPUTATION
FOR THE NON LINEAR ANALYSIS . IT IS ALSO USED TO LINK
THE LINEAR ANALYSIS PROGRAM.

THE PROGRAM NEEDS TO KNOW THE DIFFERENT PARAME-
TERS ( BEAM AND CIRCUIT ). FOR THAT YOU HAVE A CHOICE
OF EITHER ENTERING NEW DATA OR USE PREVIOUSLY COM-
PUTED RESULTS OF THE LINEAR ANALYSIS.

After this , a message asks you
CHOOSE ONE OF THE FOLLOWING OPTIONS TO START NEXT.

ENTER: 1, FOR NEW PARAMETERS.
ENTER: 2, FOR PREVIOUS LINEAR COMPUTATION.
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—In the case , there is nc previous computation,
or the data file is empty type 1.
— Otherwise ,type 2.

The first part of the program is the linear analysis . It is the same as program #
1 refer to chapter III. The second part of the program is the non-linear analysis , if
you want to use results from a previous linear analysis type 2 , otherwise , type 1.
Whatever the case , at the end of the first part of the program the screen shows a

table of the linear analysis results . When you press RETURN again you get :

SELECT ONE OF THE FOLLOWING OPTIONS :

ENTER: 1, TO CONTINUE FOR MORE COMPUTATION.
ENTER: 2, TO STOP FURTHER COMPUTATION , AND
GO BACK TO THE LINEAR ANALYSIS.

When you choose to continue the computation by typing 2 and if the results file is

saved , therefore , the results table comes up and you will be asked :

ENTER A NUMBER J FROM THE TABLE OF THE SOLUTION TO
BE USED IN THE FOLLOWING NON LINEAR COMPUTATIONS.

Choose one value for J and the program displays the results up to the maximum

value of the electric field . At the end of the computations you will get a display of
NLA MENU .
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X NLA MENU ***

WHAT WOULD YOU LIKE TO DO NEXT ?

WOULD YOU LIKE TO REVIEW THE RESULT , ENTER:1
WOULD YOU LIKE TO GO BACK TO LA MENU , ENTER:2
WOULD YOU LIKE TO USE ANOTHER VALUE OF J , ENTER:3
WOULD YOU LIKE TO PRINT THE RESULT , ENTER:4
WOULD YOQOU LIKE TO EXIT , ENTER:5

As described in the previous section, this message helps you choose the next step;

for example if you want to review the non linear analysis results just press 1. When

you press 2 , the program takes you to the linear analysis Menu where you can make
changes . In the case you type 3, a table of the linear analysis is displayed and you

are asked to enter a new value for J .

® If you press 4 , you will get the print mode .
SELECT A PRINTING OPTION :

o

ENTER: 1,TO PRINT THE LINEAR ANALYSIS RESULTS.

ENTER: 2,TO PRINT THE NLA RESULTS.
o ENTER: 3,TO PRINT BOTH RESULTS.

If you press § , you will quit the non linear analysis .

® Most of the steps have been explained earlier in program # 1.
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3.2 ERROR MESSAGES

Here we try to present error messages that you may get during the execution
process of the program . Most of them have been included in the early chapter.
However, some of the errors are particularly to be found within the second part of
the non linear analysis.

—An error message that occurs more likely in this program is when you start the
non linear program , and you choose to run the program using results previously
computed by typing 2 , where no result has been saved. The following error message

will be displayed

Error : Data Format Error .

Press the RETURN key , and enter 1 to the following message :

CHOOSE ONE OF THE FOLLOWING OPTIONS TO START NEXT.

ENTER: 1, FOR NEW PARAMETERS.
ENTER: 2, FOR PREVIOUS LINEAR COMPUTATION.

—In the case , there is no previous computation,
or the data file is empty type 1.

— Otherwise ,type 2.

— If the computer displays the following message

** OVERFLOW OPERATION ,DIVISION BY ZERO K, = 0.0 **
GO BACK TO THE TABLE AND CHOOSE ANOTHER VALUE FOR J.
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An overflow , or a division by zero causes a computation error due to an infinite
number. The computer is not provided to carry such a big number. You can correct
the error by choosing another value of J , such that K, is different of zero { K, # 0}.
When you press the Enter key after that message a table of the linear analysis results
comes up .

With this final presentation we come to the end of the technical documentation

report of the three programs .
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4 Graphics

Program LA. (source code: LA.FOR, executable code LA.EXE)}
combines LAl and LA2 in the same program, plus it gives you the
choice of displaying the results in table form or in graphics form
or printing the tables or the graphics.

Note: when using the graphics, the results saved are
unformatted, that is, the file contains only numbers whereas, when
using the tables, the results saved are formatted, that is, they
appear in the form of tables where each number is preceded by the
name of the variable it corresponds to.

Warning: To prevent display problems in case an absolute
instability exists, the program sets a maximum gain to 400 dB/m.
Therefore, this value must be regarded with caution.

For computers other than the AT&T PC 6300 in room N101D where
the DOS Graphics utility is loaded automatically, to print a
graphics screen, this command must be given to the computer before

using the LA program.
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