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Abstract

This paper considers time domain characteristics of some analytic source waveforms
used for determining the waveform characteristic of a prolate- spheroidal IRA near the
second focus.



1 Introduction

This paper is a analytical calculation of a prolate-spheroidal IRA that is based on [1],[2],[3]. The

analytical waveforms for 2-TEM-Feed-Arm, 45° 4-TEM-Feed-Arm and 60° 4-TEM-Feed-Arm
cases for x, y, z axis variations near the second focus are calculated.

1.1 Description of geometry
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Figure 1.1 IRA Geometry [1]
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Figure 1.2 Feed Arm Geometry [1]

For our design, we choose a special case of the prolate-spheroidal IRA’s geometric
parameters as [3]

z,=0,b=%y=.5m,a=.625m, z5 =.375m,/ =1m (1.1)

¢, 1s the angle from y-axis to the feed arm and B ,B;, B2 are the angles from the z-axis
to the electrical center, the first edge and the second edge of the feed arms as in Fig. 1.2



2 Analytical Focal Waveforms
2.1 Double exponential excitation

Let us use the commonly used wave-forms which is the difference between two exponentials
times a unit step function instead of unit step function, so our excitation is

V(t)=Vo f(t) , f(t) =[e‘Bt —e““] u(t)

@.1)
1

o=t , tg=100ps, 50ps , B:td_1 ,tq =lns, 2ns
where tg§ is the rise and t 4 is the decay time constant. The peak of the waveform is give by
(2.14)in [4] as

1

fmax = - (f(t)) = Cl_c [é - 1} =f(tmax) (2.2)

t
(=B/a

Where t 5 1S the time that maximum occurs and it can be found by taking the derivative
of (2.1) as zero, so

e
tmax = a_Bln[B] (2.3)
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Figure 2.1 Double exponential excitation for f(t)/fiax for different o and 3
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Table 2.1 5% and t, values for different o and 3

2.2 Analytical focal waveforms

The analytical focal waveforms for ramp rising step excitation are from [1,2]. The excitation is
a1l Volt (Vg =.5 Volt) step, rising as a ramp function lasting 100 ps.
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Figure 2.2 Ramp rising step excitation u(t)
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Figure 2.3 Analytical focal waveforms for ramp rising step excitation a) 2-Arm 400 €2

b)45° degree 4-Arm 200 Q ¢) 60° degree 4-Arm 200 Q



From a step excitation , u(t), we get a waveform as follow
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Figure 2.4 Step Response

Let us consider prepulse , impulse and postpulse separately as
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Figure 2.5 Decomposition of step response a)prepulse b)impulse c)pbstpulse

What is going to happen if we use double exponential excitation function (2.1) instead of step
function? We have a response from (2.1) as
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Figure 2.6 decompostion of double exponential response a)prepulse b)impulse c)postpulse



The impulsive part of double exponential excitation can be defined as

Es dV(t—tpy) Eg

- - . e B-12) 4 e (12 y(p — 1) 2.3)
max max

and the peak value is Eg (ot —[3), where t9 =4.2 ns is the time that impulse arrives the second
focus. Finally, we obtain response waveforms for (2.1) as
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Figure 2.7 Double Exponential Excitation Responses for different ovand 3

where Ep 5 is the value of Ep at the time the impulse starts
E
E.. = P |—Blta—t) _ ~a(t2-1)) (2.4)
Ps ¢
max

where t; =2.5 ns is the time that prepulse arrives at the second focus.

45° degree 4-Arm 200 QQ and 60° degree 4-Arm 200 Q2 case are just V2 and 1.606
times of these waveforms.



Ep5 o (1420 G11=)
0.1 1glo 10”
0.25 1010 0.5:10°
0.1 2x1010 10”
0.25 21010 052107

Table 2.2 Ep8 values for different o and 3

6.Conclusion

We are obtaining higher impulse values for double exponential excitation because the prepulse
value Ep 5 is lower than the regular Ep value that we have from step excitation. One can see in

Fig. 2.7 a) that we have a decrease from —0.57V/m to —0.1V/m. So we have around

82 % decrease. If we compare E s with the E p value for step excitation from Fig. 2.3 a) , we

have a decrease from —0.4V/m to —0.1V/m. So we have a 75% decrease. If we look at

the impulse for step and double exponential excitation and compare Fig. 2.3 a) with Fig. 2.7 a),
one can see that we have an increase from 4.2V /mto 5.1V /m. So we have a 22 % increase

in the peak focal field. The postpulse also decays toward zero. This type of waveform is
convenient because of its simplicity and it may better model the pulser.
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