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This note describes a computer code (PENCAL) that calculates the 

output pulse shape of an arbitrary, voltage fed, E-section, pulse forming 

network. The code was written to study the feasibility of producing 

strange-shaped (i.e.: non-rectangular) pulses of ECRH and ICRH power for 

plasma heating. In particular, it appears that increasing the ECRH power 

as a function of time may lead to denser plasmas than the same amount of 

energy delivered at constant power. 

A pulse forming network is basically a lumped constant transmission 

line each section of which can be represented as below: 
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The behavior of the section is determined by a voltage (loop) equation, 

and a node (current equation), 

IN+l - IN = 
C 

dVN N dt
. 
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With a number of sections NS' the behavior of the line is uniquely 

determined by a set of 2NS linear, first-order, differential equations 

plus a set of boundary conditions which are generally given by VN = Vo 
and IN = 0 for all N. The first section (N = 11 which is generally 

terminated in a load resistor (Rt) and the last section (N = NS) must be 

treated as special cases: 

To make the problem even more general, we allow some mutual inductance 

between adjacent sections, but for simplicity, we take the coupling 

coefficient (k) to be the same for all sections. This modifies the 

voltage equation as follows: 

Unfortunately, this represents a significant complication for the numerical 

method used, and so we simplify the problem by assuming k « 1 (as is usually 

the case) and keep terms only to first order in k: 

For this case, the first two sections (N = 1 and 2) and the last section 

(N = NS) have to be treated separately : 
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2 The computer code solves this set of 2NS simultaneous, linear, 

differential equations (up to NS = 50) using the MACC predi ctor-corre ctor 

subroutine DEPC. A Fortran listing of the code which in cludes provisions 

for a line-printer graph of the output is in cluded in the appendix. The 

user need specify only the values of the arrays RN, LN, and CN and the 

values of 
NS' RL, k;rland the time at which the computation is to end. All 

voltages are normalized to the initial voltage on the line. A sample of 

typical output is shown for a line of 10 identical se ctions except for 

the end sections which have 25% extra inductance, terminated in its 

characteristic impedance (RL = LN/CN) with a total resistance that is 

20% of RL eRN = 0.2 RL/N
S)' and a coupling coefficient of 0.15. This is 

typical of lines which are optimized to give a re ctangular pulse with a 

droop of - 10%. The calculation takes - 7 seconds of 1110 computer time 

and costs - 80 cents. 

A variety of cases have been run including ones in which the inductance 

in creases with distance from the load ( which steepens the rise and introduces 

a significant droop ) and cases in which the inductance decreases with 

distan ce from the load ( which produ ces a monotonically rising waveform ) . 

More complicated cases will be examined if there appears to be some benefit 

to be gained from the standpoint of plasma heating. 



- • * _� .UN!VAC l,to TIME/SHARl�G_E�EC ••• MULTI.eRnc�sso� SYSTEM .-. VER� M4CC: 
�!O • eW.28l FILE NAME * PR'OOO�W12Al PART NUMBER * 00 DATF * 082515 

SPROTT.Z'8n,4i26810219 
S_ .PFt'ol�AL • ... . _ • •  _ . ... . _� , _ 

�.MAeC 1.14S.0e/25/75.1611�,33 PFNCAL 
Ii C P�OGRA� PFNC��,.; J: c� SPROTT _ _ ! AyG 21. 1?75 
�: OIMENS!ON VIClool,VFC101"�AVEC101fl00l,TIME(101),AI(101' 
3� eOMMoNNS,NN,RL.AK.ALC�O"CCSO),R($O) 
.� E�TERN�L DERIVS _ . 

5� e NS t� THE NUMB�R OF SE�TIONS IN THE LINE (�AX 50) 
�... NS-l0 _ ,  _ 

1� e RL !� THE LOAD R�srSTANcE 
8, RLlll.0. . ... _ 

�9� e AK l�_T.HE COUPLING COEFFICIENT BETWEEN SECTIONS 
! Q � . 

�KIl0.1S � 

11� C TEND I� _THE TIME AT WHICH THE COMPUTATION ENDS 
12, TENp'��.O _ 

13." DO 100 I-t,NS 
i4: A��j'.j�6�PLOAT��S� 
15, Crt)·l,p(FLOATtNS) 
l�� R"'�O.�/FLpATCN�) 
17� vJS2�I-l1�Q.o 
18. VI(��I'�t.O 
!9� 100 ep� TINU� _ . . _ 

20� �L!1)'1� �5*AL (��. 
�lr ALt�$)-1.25*AL(NS' 
�a, N��?tN� . 
� 3 � OT�O.O,*T�ND 
24� WR!TEC.!3QO� _ _ . 

as; 300 �ORMATtl�J.1 .�T�P. - TIME ,�URRE�J!). r • .  

a�, _CALL_D��C(NN,OaQ!V!.TEND,V�,DE�IVS.1�o�.a,1.0E-a.l.0!-4,1.0,0.01,2 
�1; 2,OT�?H • • •  SAV£,101.NN.NPOINT,NOTIFv.$aoo) 

281 i�o CONTI�UE _ . _  

�,; 00 b90 J=1.NPOI�I . 
�Q� TI�E(J"FL9AT�J.')*OT 
31; AI!�"SAVE'J'l' _ . •  

l�, WRTT!Ct,500) J.TIM�!J).AtCJ) 
3�, 5QO FOR��Tt1H .I&,2F13.4� 
3�, bOO CONT!NUE _ ' . . _ . _ . • . ,  . . _ . . 

35: _CALL GeAPH2(TIME�IR'.Al,!R�'NP01N1.!SMALL" '��TQ'�'CURRENT IN PULS 
��� 2� FORMING NETWORK LOAD • •  ',ITIME.:'.'CURRENT •• !.'.') 
31. CALL GRPHNO 
38: END 

END OF COMpi�iTION� NO oiiGNOSTits. 
S ,D£RjvS . _ 
N�MACC. i.ii4 s.o8/2si7s';'i6'12i38 . ' ; " .  DERIYS . . 

i� S�BROU!INE Q�RIV��!IME!V,Dy,STORE,ITEST' 
2� DIMENSION V( 1 ).DV(t).STORE C1) 
3( COMMON N S , NN , Rl,AK.ALC�0),C(50),R(�O) 

� . 

4� VO��(l'*�1r . �  ... . " c . ' . ' . _ .  

5 � Oy!�\=!yt?).YOt�K*(?�P!Y(�1.vo.y!4').Rrl'*V(1)'/ALrl) . 
• � DVt�1=tcVJ4).vr�,)*('.n+3.0*AK'+AK*(VO.Vt') .R(2l*V(3)l/ALC2' 
.,., < �  DO.,OO.JllcfN$ . '- _ " ,. 

8 ;' 200 OVC2�I·2)=CVt2*I·1).V(�*I·3)1/CCI·1) 
q� DO 2�O I=a,NS 



iQ� 2S0 �Y'�.I�}l=C(V(2�i�?)!V(2*I�4)*(I��+J�O*AK'+AK*(V(�*I.b)-V(2*Il)-R 
! J � 2tJ�!'*V,!.I!�)1/ALrl-l! , . " _ . ,  

12. . QV£2*N$.�).(V(�*N�)�y(,-*N5·2'+AK*CVCP*NS'·2.0*V(2*NS·21+V(2*NS-4» 
13� 2·Rr�$).vte*�S·I'ltA�tNS) 
!�f DV(2�NSJ-!V(�*�S.1'/C(NS) 
15; PO 300t=t,NN 
!�, 300 STOR!(I)-vtI) 
1 1� REYURN 
1 8 : !ND 

END OF eOMPILAT10N, 
�N� . �  " � ' , .. 

.,p.oen�$. u •• 12 

NO DIAGNOSTTCS. 
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RUNIOi eW;2Al PROJECT. n2QaO 
.... "," 

uS£Ri �1�6Alo21q 

itEM eOSTCDOLLARS' 

ce� T%�! 
�Jh! ItO REQUESTS 
prllE_I/O WORDS 
�E�ORV USAGE 
e��O$ IN. Co 

fI.ta�S �RrNTE" 
[R.+�CC 
JOB CHARtaE 
;;." . ow ;; ., 

TOTAL eOST 

onlooio6·.9C!� 
2J9 

... - .. -

2Z�1q2 
0.202 

�2 
7 
9 
1 

$Q.�b 
$�. 11 
$0,10 
$�.t2 
$Q.Q2 
$Q.09 
$Q.Qb 
$O,OS 

iH! iB9VE ooLLAR AMOUNis ARE APPRDXiMAiE AND_A�E_BASED ON RATES FOR WH' 
USER BALANCE $112.11 

� , 

TERMINATION TIME' 
'. . 

, 

PREVIOUS RUN TIMEt 

ib:i�i�2.AUG 25.1975 

IblijiJ6�AUG 25,;975 

ij��A�i8�AUG 22,1975 

.{I: �. 

b PAGES COST $0:68 UsER BALANCE 
.• -

(t 

$112.12 


