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Abstract

In this paper a lens design procedure is discussed to obtain better focusing for a prolate-
spheroidal IRA for an incoming spherical wave from the reflector.



1 Introduction

This paper is an extension of [1] and the lens design considerations are based on [2].

N layers of an increasing dielectric lens, which have the same ratio of dielectric constants
between adjacent layers, are considered for a prolate-spheroidal IRA. Instead of using a
half-spherical lens, a new approach is proposed for incoming spherical waves to obtain
better focusing for a prolate-spheroidal IRA.

2 Design Considerations

10 layers of increasing-dielectric-constant lens are used based on the calculations in [1].

We use the same ratio of dielectric constant between subsequent layers.
N

N
€ratio = Ery4 /8rn ’ (grm_l /grn) = €ratio = €rmax @.1)
1/N '
€ratio = Ermax

We use N=10 layers and ¢ =81 for the worst case scenario for biological

rmax

applications. We start from free space €, =1 and our target dielectric is &,,,,, =81 and

€ =1.55 between subsequent layers.
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Figure 2.1 Lens for Incoming Spherical Wave [2]



0y max = arctan(b/zqy) , 0<0, <050 (2.2)
This represents the range of interest of angles incoming wave from the prolate-spheroidal

IRA which has the dimensions as [3].
b=¥Y,=.5m,a=.625m,z,=.375m (2.3)

From (2.2) and (2.3) for the first shell 0,,,, =53.13°. Inside the lens the rays are

'
changing their directions to the angle of 0, with respect to thez -axis and 0, <m/2

'
for geometrical design purposes. /;and ¢, are the distances on the z -axis, h is the
height of the lens. The normalized ¢ and ¢, parameters can be defined from (5.7) in [2]

as
1/2

gl _ Sin(elmax B e2max) + &, Sin(e2max) B Sin(elmax)

h 1/2
(Sr - 1) Sin(elmax ) Sin(GZmaX)

U2 (2.4)

6_2 — € [Sin(elmax — eZmalx )+ Sin(GZmax )] — Sin(elmax)
h 1/2 . .
(€, =1)sin(0; a5 ) SIN(O 1ax )
To find 0, as a function of 0;a quadratic equation in either cos(6,) or sin(0, ) can be

solved from (5.8-5.10) in [2] as

1/2

1/2
ABsin’ (6;)+Bcos®;)—-Ace, \/{Bz —2ABg, cos(el)wLA(e,r}—A2 sin’ ©,)
cos@,)= n
B? —2ABg, cos®,)+As,
1/2 ) 1/2 ) )
A(Ag,—Bcos®)))+Bsin®)),|| B°—2ABg, cos®),)+Ag, |-A”sin”(6,)
sin©,) = (2.5)

1/2
B? —2ABg, cos®,)+As,

1/2
A:(ﬁz/ﬁl)—l ) B:(fz/fl)—gr

'
A lens boundary curve can be defined by the coordinates of z and ‘¥ as a function of 6,
and 0, from (5.11) and (5.12) in [2].

_ (£, —1y)/htan(6,)

~ tan(0,) —tan(0,)

(¢, —¢1)/htan(6;)tan(0,)
tan(0;) — tan(0, )

2.6)

z
=—tan(6,) =
0 an(6,)

= | 5N

This approach is just for the first shell, but we can expand it to the other shells.

€ = €patio = 1.55 and we will have different /4,7, ,0;,., and0, . for each layer.
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Figure 2.2 IRA and Lens Geometry

We can define a new coordinate system which is centered at z =z,. We will call this

'
system z and it can be defined as

z /h=—(z-zy)/h (2.7)
The IRA and lens geometry is presented in Fig. 2.2 and the 6,,,, and0,,,.,, can be
calculated as follows
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Figure 2.3 0;,,x and0, . Values

We use N=10 layers and AB0is the change in the angle as one goes from one to the next.
This is constant, and it is

A0 = (B1max , ~O2max, )/ N (2.8)

We design the lens for two different 8, , angles.



90° (/2)
O1maxjg = 450 (2.9)

For thet/2 case AO =3.7°and for the 85° case AO =3.2°.

' '
Az, /his the normalized distance between each layer-beginning point on the z -axis.

1 '
Az, /his the sum of the n distances on the z -axis.

3 Concluding Remarks

We design a lens for incoming spherical waves to obtain better focusing for a prolate-
spheroidal IRA. This design is based on the same procedure as in [2]. But in this design
just one layer was used. So we extended this design to N=10 layers. In this case we have

'
different 7 /h ,¢5 /h ,01n.¢> O2max » N /h ,Z, /h . So we calculate these values for the
first layer. Then we correct the values for the other layers.
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Figure 3.1 ¥/h vs z /h for 0}, =7/2



Layer | hy/h Az, /b oz, fho| 80 | P omax
1 1.0 0.096 0.000) 0.992 0.927
2 0.9 0.079 0.095] 1.056 0.992
3 0.g 0.06k 0175 1.120 1.056
4 0.7y 0.054 0241 1.185 1.120
3 0.6 0.044 0295 1.249 1.185
6 0.5 0.035 0.333] 1.313 1.249
7 0.4 0.027 0.374] 1.378 1.313
8 0.3 0.020 o401 1.442 1.378
9 0.2 0.013 0421 1.506 1.442
10 0.1 0.006 0.434] 1.571 1.505

Table 3.1 hy, /h, Az, /h,z; /h, Oy, Oy values for 0y, =7/2

First we calculate the ¥ /h and z /h values for the first layer then for the second layer

'
we calculate W /h and z /h we correct them by dividing h . ..cq Value then we add the

'
corrected values z,, /h value.

Figure 3.2 ¥ /h and z /h for 0.y, =85°



Layer | hy/h Az, fh zy /b | B | 7 2ma
1 1.0 0.096 0.0oo0) 0992 0.927
2 0.9 0079 0.095] 1.056 0992
3 0.9 0.068 0175 1.120 1.056
4 0.7 0.054 0241 1.185 1.120
5 0.k 0.044 0.295] 1.249 1.185
b 0.5 0.035 0339 1.313 1.248
7 0.4 0.027 0374 1378 1.313
B 0.3 0.020 0401 1.442 1.378
9 0.2 0.013 0.421] 1.506 1.442
10 0.1 0.006 0.434] 1.571 1,50k

) '
Table 3.1 hy, /h, Az, /h, z, /h, O 5 O3ax values for 0,5, =85°

As one can see from Fig 3.1 and Fig. 3.2, for 0, , =n/2 case we obtain better

focusing but for 0}y, 0= 85° case we can easily focus to the dielectric target regarding

geometry.

We call h the radius of the shell , it is a universal normalization parameter. But this
calculation is not determining h, because it is an optical calculation (infinite frequency).
To determine how large h should be is a difficult problem. Clearly h must be much larger
than the focus pulse width, and the rise-time of the incoming wave, and it should be
smaller than the radius of the reflector.

ctg =3cm<<h <b=50 cm (3.1
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