
Scholars' Mine Scholars' Mine 

Masters Theses Student Theses and Dissertations 

1959 

An experimental investigation of a small volume sandwich An experimental investigation of a small volume sandwich 

antenna in the 400 megacycle frequency range antenna in the 400 megacycle frequency range 

James Gilbert Smith 

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses 

 Part of the Electrical and Computer Engineering Commons 

Department: Department: 

Recommended Citation Recommended Citation 
Smith, James Gilbert, "An experimental investigation of a small volume sandwich antenna in the 400 
megacycle frequency range" (1959). Masters Theses. 5544. 
https://scholarsmine.mst.edu/masters_theses/5544 

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This 
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 

https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/masters_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/masters_theses?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F5544&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F5544&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/masters_theses/5544?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F5544&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu


AN EXPERIMENTAL INVESTIGATION OF A SMALL 

VOLUME SANDWICH ANTENNA IN THE 40 0 

MEGACYCLE FREQUENCY RANGE 

BY 

JAMES GILBERT SMITH 

A 

THESIS 

submitted to the faculty of the 

SCHOOL OF MINES AND METALLURGY OF THE UNIVERSITY OF MISSOURI 

in partial fulfillment of the work required for the 

Degree of 

MASTER OF SCIENCE IN ELECTRICAL ENGINEERING 

Rolla, Missouri 

1959 

- --------
lfBR/\.RY 

. 9636y 
Mrsso ur ; <:' . ; . -

• V ·. .. - ~ .'· ~ . .. .; .• · ~. - r r · ;·' 
: i,· : . • Ll - ----... - . 

Approved by -
Professor of Electrical Engineering 



ii 

ACKNOWLEDGEMENTS 

The author wishes to acknowledge the guidance and 

assistance given him by Professor G. G. Skitek, and the 

services rendered by Mr. B. Johns in fabricating the 

experimental antenna. 



iii 

TABLE OF CONI'ENTS 

CHAPTER PAGE 

I. INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 

Scope of the Investigation.................... 5 

II. REVIEW OF LITERATURE............................ 6 

III. EXPERIMENTAL ANTENNA AND TEST EQUIPMENT. . . . . . . . . ll 

IV. EXPERIMENTAL RESULTS............................ 20 

Results of Early Work......................... 20 

Impedance Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 

Effect of Varying Length of Antenna......... 2 2 

Effect of Varying Probe Position............ 28 

Effect of Tapering Top Plate................ 35 

Bandwidth ................................... 35 

Pattern... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

Sources of Error and Effect of Errors 

on Results .......................... a ....... 40 

V. SAM:PLE CALCULATIONS USING EXPERTMENTAL 

VI. 

VII. 

VIII. 

DATA AND SMITH CHART ......................... . 

CONCLUSIONS .................................... . 

BIBLIOGRAPHY ................................... . 

VITA ............................... II •••••••••••• 

42 

44 

46 

47 



iv 

LIST OF TABLES 

TABLE PAGE 

I. Experimental Impedance Results with Length of 

the Antenna as the Variable.................... 23 

II. Experimental Impedance Results with Feed Probe 

Position as the Variable....................... 29 

III. Band:w"idth Data................................... 36 



v 

LIST OF FIGURES 

FIGURE PAGE 

1. Omnidirectional Pattern of Revolution about 

the Longitudinal Axis of the Missile............ 2 

2. Clapp's Semi-Flush-Mounted Antenna ............... " 7 

3. Approximate Relative Patterns of Clapp's 

Antenna. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

4. The Experimental Model Showing the Thickness (T), 

Length (L), and the Distance (D) of the Feed 

Probe from the Rear of the Antenna.............. 12 

5. The Small Volume Sandwich Antenna Assembled 

(at left) with Holding Clamps and Disassembled 

(at right) Showing the Copper Plates, the 

Dielectric Filler and the Tapered Feed Probe.... 13 

6. Small Volume Sandwich Antenna Shown Mounted on 

Ground Plane . . . . . . . . . . . . • . . . . . . . • . . . . . . . • . . . . . . . 14 

7. Sketch Illustrating the Method of Flush-Mounting 

the Movable Feed Probe.......................... 15 

8. Standard Connector, Modified Connector............ 17 

9. Block Diagram of the Circuit Used in the 

Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 

10. Input Reactance of Antenna Versus Length of the 

Antenna for Constant Values of Feed Probe 

Position........................................ 26 



vi 

FIGURE PAGE 

11. Input Resistance of Antenna Versus Length 

of the Antenna for Constant Values of 

Feed Probe Position............................. 27 

12. Input Reactance of Antenna Versus Distance of 

Feed Point from Rear of Antenna for Constant 

Values of Length. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • 3 3 

13. Input Resistance of Antenna Versus Distance of 

Feed From Rear of the Antenna for Constant 

Values of Length................................ 34 

14. Bandwidth Characteristics of Antenna.............. 38 

15. Bandwidth Characteristics of Antenna.............. 39 

16 . Impedance Chart . . . . • . . • . . • . . . . . . . . • • . . • . . . . . . . . . . . 43 



Symbol 

f 

~ 

w 
L 

T 

D 

VSWR 

R 

X 

me 

c 

Q 

LIST OF SYMBOLS 

Description 

Frequency 

Wavelength 

Width of antenna 

Length of antenna 

Thickness of antenna 

Distance of feed probe position from 
rear of the antenna 

Voltage standing wave ratio 

vii 

Resistive component of the input impedance 
of the antenna 

Reactive component of the input impedance 
of the antenna. Positive values of react
ance indicate inductive reactance while 
negative values indicate capacitive 
reactance. 

Megacycles 

Speed of light 

Characteristic impedance of a transmission 
line 

2n times the maximum energy stored per 
cycle divided by the energy dissipated 
per cycle 



INTRODUCTION 

Since the recent increased interest in the field of 

missiles, attention has been focused upon special hardware 

such as antennas for these missiles. The problem dealt with 

in this thesis originated because of the special requirements 

placed upon missile antenna design. 

The problem originally proposed was to set forth a 

specific set of requirements for a missile antenna, and then 

to find the type of antenna which would fulfill these re

quirements. After a suitable paper solution had been 

obtained, the antenna was to be designed, built, and tested. 

However, after the specific antenna had been chosen, the 

problem was modified to that of determining the antenna's 

characteristics with the ultimate goal of adapting these 

characteristics to a specific set of requirements. Detailed 

requirements are given in the following paragraph. 

The general characteristics desired were that the 

antenna (1) have low wind resistance, (2) be of small volume 

in comparison with conventional antennas of the same fre

quency range now known to exist, (3) have a pattern that 

would be adaptable for use as an omnidirectional antenna, 

either used alone or in conjunction with other antennas 

identical to it, (4) be efficient over the desired frequency 

range, and (5) be of sufficient bandwidth. Pictorially, the 

pattern characteristics in the plane of the axis of the 

missile would be as shown in Figure 1. In the plane 



FIGURE l 

OMNIDIRECTIONAL PATTERN OF REVOLUTION 
ABOUT THE LONGITUDINAL AXIS 

OF THE MISSILE 

2 



perpendicular to the missile axis the pattern would be a 

circle. 

For design purposes, the frequency of operation was 

set at 400 megacycles. The matching characteristics were 

designated to be such that the voltage standing wave ratio 

(VSWR) be less than 2 over a frequency range of plus or 

minus five percent of the operating frequency. 

3 

With the above requirements as a guide, several antenna 

configurations were investigated to determine which would do 

the job most satisfactorily. Three possibilities were con

sidered. Each of the three configurations considered was of 

the flush-mounted variety. 

The first antenna considered was the resonant slot 

antenna. This antenna has been treated extensively in 

literature. Included in the literature is an article 

describing the resonant slot antenna which was mounted on 

a missile to give a radiation pattern similar to that shown 

in Figure 1. The article was written by W. E. Barrik and 

1 D. L. Brannon. 

Another possibility considered was that of a Vee type 

slot excited by a dipole. This possibility evolved from 

the idea of wrapping a corner reflector about the missile so 

that it appears as a Vee shaped indention filled with die

lectric. The sides of the corner reflector appear as the 

sides of the Vee-shaped slot. However, the lengths of the 

sides of the corner reflector are effectively extended by 

joining them to the outer surface of the missile. This 

1. All references are in bibliography. 



extension should improve the impedance characteristics over 

the characteristics of the same corner reflector located in 

free space without the extension. A starting point on the 

design of an antenna utilizing the Vee-shaped slot, which 

4 

was suggested here, would be a very comprehensive set of 

contour graphs describing the characteristics of the corner 

reflector antenna. Such a set of experimental graphs illus

trating impedance as a function of the variables, position 

of dipole, angle of aperature, width and length of the 

reflector was presented recently for the first time by 

H. V. Cottony and A. C. Wilson. 4 

The third possibility considered was that of a very 

thin sandwich antenna, which is illustrated in Figure 4 on 

page 12, mounted in such a way as to reduce wind resistance. 

This antenna was selected for the experimental investigation 

described in this thesis. The antenna is fully described in 

the next section. 

Any one of the three possibilities appeared feasible 

from the preliminary investigation. The resonant slot, 

which has already been tested experimentally, was eliminated 

because it takes up a fairly large amount of inside volume 

of the missile. The dipole-fed Vee-slot was eliminated 

because rough preliminary calculations indicated that the 

volume taken up by the Vee-slot would exceed the volume of 

the resonant slot. Thus, the small volume sandwich antenna 

was chosen because it appeared to have good possibilities 

for application and because the experimental work would be 
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original insofar as any available literature was concerned. 

Scope of the Investigation 

The small volume sandwich antenna was patterned after 

that of F. D. Clapp's which appears in an unpublished report 3 

written for the United States Navy. Clapp's antenna is shown 

in Figure 2. The antenna described in this report was 

investigated at approximately one-thousandth of the volume 

of the original Clapp antenna. Clapp's antenna was designed 

for the 225-400 megacycle range; while the author's model 

was designed for operation at 400 megacycles. 

The objective of this investigation was to build a 

small volume sandwich antenna which could be adapted to 

satisfy the characteristics listed on page 1. Since there 

was no information available in literature on the sandwich 

antenna at very small volumes, the experimental work de

scribed in this report was directed toward determining the 

antenna's characteristics at these very small volumes. In 

essence the experimental work described here was a feasibility 

study of the small volume sandwich antenna. 



REVIEW OF LITERATURE 

The antenna investigated in this thesis was based upon 

the work done by Clapp. 3 Figure 2 shows the end result of 

Clapp's work. Clapp's antenna was designed for a band of 

frequencies between 225 and 400 megacycles. 
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The radiation characteristics of the clapp antenna are 

investigated theoretically by H. E. Shanks. 8 By considering 

the electromagnetic waves to propagate between the top and 

bottom plates of the antenna in the manner of an infinite 

parallel plane transmission line, Shanks develops approx~ate 

equations for the radiation patterns. Neither Clapp nor 

Shanks attempted to develop theoretical equations for the 

impedance characteristics because of the complicated geome

try and finite size of the antenna. 

Clapp's antenna had a VSWR of less than 2 for frequen

cies varying from 225 megacycles up to 900 megacycles. 

Thus, it was a broad band antenna at these frequencies. 

However, decreasing frequency resulted in a high VSWR, 

beginning at 200 megacycles where the VSWR rose sharply to 

approximately 7 continuing to increase. 

The radiation pattern was approximately a cardioid in 

the plane of the antenna. In the vertical plane the antenna 

had a radiation pattern as shown in Figure 3 which also 

illustrates the azimuthal pattern. In investigating the 

pattern at much lower frequencies, Clapp found that the 

pattern approached the shape of that of a vertical dipole. 
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FIGURE 2 

CLAPP'S SEMI-FLUSH-MOUNTED ANTENNA 

7 
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AZir.:uTH PATTERNS VERTICAL PATTERNS 

FIGUBE 3 

AP:Pl!l0¥lmn.<~JlaLAtriVB ·· ~Ani!QrS OF CLAPP'S ANTENNA 
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For a dielectric filler Clapp used a material formed 

from epoxy resins and glass cloth known as "Hexcel". The 

antenna was fed with a standard RG9/U coaxial cable fastened 

to a type "n" connector serving as the antenna terminal. 

The capacitor shown in Figure 2 was used to tune out any 

inductive reactance. 

There are several other antennas in existence which 

provide some insight into the operation of the small volume 

sandwich antenna. For example, the small volume sandwich 

antenna resembles theE-plane sectorial horn2 ' 6 in some 

respects. However, the location of the feed point of the 

sandwich antenna does not permit a usable definition of a 

flare angle upon which the theory of the sectorial horn is 

based. Also, the sectorial horn theory neglects currents 

flowing on the outside walls of the horn. For a sandwich 

antenna of dimensions much less than a wavelength these 

currents are prominent and cannot be neglected. As the 

dimensions of the small volume sandwich antenna increases, 

the characteristics do approach, to some extent, that of the 

sectorial horn with very large flare angles. 

Another antenna found in literature is the flush disc 

antenna5 ' 7 which has characteristics similar to that of the 

small volume sandwich antenna. The flush disc antenna 

evolves from a top-loaded stub antenna. There is one major 

difference between the sandwich antenna and the flush disc 

antenna. The flush disc antenna is symmetrical about the 

feed, with the edges of the top plate at the same potential; 



while the sandwich antenna may be unsymmetrical about the 

feed with one edge of the top plate at ground potential. 

Dr. Robert Hansen of Hughes Aircraft Company was con

tacted to determine whether or not any other publications 

exist which pertain to the small volume sandwich antenna. 

10 

He suggested the investigation of a partial sleeve antenna 

developed at the University of Illinois. Subsequent corre

spondence with the University of Illinois revealed the fact 

that the work on the partial sleeve antenna was done under 

government contract and was classified. Consequently, this 

possible source of information was not available to the 

author. This source is included here because the information 

is available to persons with security clearance and the need 

to know. There is also the possibility that the work may 

become declassified at a later date. 
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THE EXPERIMENTAL ANTENNA AND TEST EQUIPMENT 

The experimental sandwich antenna used in this investi

gation was of rectangular shape with the width and length 

dimensions variable. The width was varied between 8 and 9 

inches, the length from 3 to 7 inches, and the depth from 

a constant 1/4 inch to a tapering depth between 1/4 inch and 

3/8 inch. The experimental antenna is shown in Figure 4, 

Figure 5, and Figure 6. 

The length and width dimensions were decreased by 

simply sawing the antenna with a bandsaw to its new di

mensions. This required that the antenna first be built to 

its maximum size and then systematically reduced by sawing 

off measured amounts. Obtaining the data presented here 

necessitated the building of four separate antennas. 

The antenna was mounted on a rectangular ground plane 

of width approximately 3.5 wavelengths by length of 4 wave

lengths. A photograph of the antenna shown mounted on the 

ground plane is presented in Figure 6. The ground plane 

was fabricated from copper-plated steel and copper wire mesh. 

The antenna was mounted on the ground plane in such a 

way that the feed probe could be moved along a four inch 

slot to vary its position in the antenna. This was accom

plished by soldering two copper plates on to the ground 

plane leaving a secondary slot just large enough to accomo

date a type "n" chassis connector which served as the 

antenna terminals. This arrangement is shown in Figure 7. 
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THE EXPERIMENTAL MODEL SHOWING THE THICKNESS (T), 
WIDTH (W), LENGTH . (L)-, AHD THE DISTANCE (D) OF 

THE FEED POINT FROM THE REAR OF 'l'HB ANTEBXA 



FIGURE 5 

THE SMALL VOLUME SANDWICH ANTENNA ASSEMBLED (AT LEFT) 
WITH HOLDING CLAMPS AND DISASSEMBLED (AT RIGHT) 

SHOWING THE COPPER PLATES, THE DIELECTRIC 
FILLER AND THE TAPERED FEED PROBE 

13 



FIGURE 6 

SMALL VOLUME SANDWICH ANTENNA SHOWN 
MOUNTED ON GROUND PLANE 

14 
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The space not taken up by the type "n" chassis connector 

was filled with metal. Thus, the bottom plate of the 

antenna lay on a flat surface with the terminals of the 

antenna being essentially a part of the ground plane. 

16 

The model was held securely to the ground plane by 

clamps. These clamps are shown in Figure 5 and Figure 6. 

Note that in Figure 6 the antenna is mounted with its axis 

along a diagonal of the ground plane. This was done so that 

reflection from the discontinuity at the edge of the finite 

ground plane would not return to the antenna in phase. 

Two feed probes were tried during this investigation. 

The first was a standard type "n" chassis connector with 

the second being a type "nw connector modified to have a 

taper such that the diameter of the outer conductor in

creased with the increase in the diameter of the inner con

ductor. In both cases the inner conductor served as thB 

feed probe. Both are shown in Figure 8. 

The dielectric used in the model was polystyrene which 

has a relative dielectric constant of 2.53. The 1/4 inch 

thick sheet of polystyrene had tapered feed holes located 

every 1/4 inch along the center line of the longitudinal 

axis. These holes are shown in Figure 5 with the feed probe 

which fits into the holes. 

The experimental setup was located within a first floor 

room with metal lath located in both the ceiling and the 

floor. Thus, there was some mutual coupling between these 

metal objects and the antenna. 
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The test circuit diagram is shown in Figure 9. The 

variable frequency carrier wave transmitter was a T-9/APQ-2 

modulated by a Hewlett-Packard Model 200 AB audio oscillator. 

The modulating frequency was 1000 cycles per second. A 

Model 360A Hewlett-Packard low-pass filter with a cutoff 

frequency of 700 megacycles was used to eliminate harmonics. 

With the antenna input impedance of any value other than 

the characteristic impedance of the line, a standing wave of 

voltage existed everywhere along the line. The Hewlett

Packard Model 415A standing wave indicator was used in con

junction with the Model 805A Hewlett-Packard slotted line to 

measure -directly the voltage standing wave ratio. The 

position of the null was measured with a vernier located on 

the slotted line. The frequency was measured with a cavity 

type TS 69(XA)/AP frequency meter. 
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USED IN THE EXPERI MENT 
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EXPERIMENTAL RESULTS 

I. Results of Early Work 

The first phase of the experimental work was an attempt 

to obtain a match in the region of length variable between 

3 and 4 inches, width variable between 8 and 10 inches 

thickness equal to l/4 inch constant. All VSWR's obtained 

were greater than 18. However, several observations of 

note were recorded. First, varying the width from 8 to 10 

inches had little effect on the VSWR or the position of the 

null. Thus, in this region the width was not a determining 

factor. Second, inconsistent readings were obtained because 

the top plate made of copper sheet had a tendency to wrinkle. 

This indicated that the thickness of the antenna was import

ant in determining the impedance. Because of the original 

inconsistency, later models were made of 22 gauge copper 

plate. Third, in an attempt to speed up the rate of taking 

data by adding a plate between the top plate of the antenna 

and the fastening clamps, a good match was obtained when 

the top plate was extended to a length of about 7 inches. 

Fourth, the time required to obtain one reading was 

approximately 20 minutes resulting from the necessity of 

disassembling and reassembling the antenna for each reading. 

Because of the observations recorded in the foregoing 

paragraph, the objectives of the investigation were altered 

slightly. The combination of the effect of negligible 
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change in impedance with width between 8 and 10 inches and 

the time consuming method of obtaining readings led to the 

restricting of the width to a constant value of 8.5 inches. 

Because of the good match obtained with the added top plate, 

the maximum length was extended to 8 inches. 

The second model built had dimensions of width and 

thickness constant at 8.5 and 0.25 inches respectively. 

The length was systematically reduced from 8 to 4 inches 

with the resulting VSWR remaining above 4:1. These data 

did not bear out the conclusion that added length was the 

only change necessary. Subsequent investigation proved that 

a slight increase in depth toward the front of the antenna 

was necessary for matching. 

At this point of the investigation, the feed probe was 

modified in such a way that the inner conductor increased 

gradually as the outer conductor was £aired into the bottom 

plate of the antenna. This gave an improved VSWR reading 

over that of the unmodified feed. At the point tested, the 

VSWR improved from 10 to 4.6. No attempt was made to opti

mize this improvement because of the precision machine work 

required and the time involved in building and testing each 

feed. 

From the results of the early work done, the require

ments for the final two models were established. As 

mentioned above, the length was increased, the width held 

constant; an improved feed probe was made; and the copper 
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plate was made heavier. One other improvement was made for 

the final data taking runs. Heavier and longer mounting 

straps with holes for varying positions were made and tested. 

These straps allowed a more uniform pressure to be exerted 

on the antenna top plate and, thus, reduce error due to 

slight variations in the antenna depth, which was very 

critical. Tests revealed no noticeable effect on imped-

ance due to increasing the size of the holding straps. 

II. Impedance Results 

Effect of Varying Length of Antenna 

The effect of varying the length of the antenna was 

established at the same ,time as that of varying the probe 

position. The antenna impedance was measured at each size 

of antenna for l/4 inch changes of the feed probe position. 

The antenna was then cut down to a shorter length and the 

measurements repeated. After all measurements had been 

completed, the impedances were calculated with the aid of a 

Smith Impedance Chart. Table I, Figure 10, and Figure ll 

exhibit the characteristic of varying the length of the 

antenna for a constant width of 8.5 inches, a constant 

thickness of 0.25 inches, and for various constant values 

of probe position. 

For the width of 8.5 inches, the thickness 0.25 inches, 

and the length variable between 4.25 inches and 5.75 inches, 

and any constant probe position, the input resistance of the 
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EXPERlMENTAL ll4PKDANC RBSULTS Y.'ITH TB 
oF THE AS THR VARIABLE 

W = 8.5 in., T = 0.25 in., r = 400 me. 

(1) D z 1.0 in. 

L {1n .. ) R (ohms) X {obms) 

4 .25 1.0 +13.2 

4 .50 5.0 +34.0 

4 .75 17 • .5 +33 • .5 

5.00 - 4 • .5 

.5.25 o.o 

.5.50 + s.o 

.5.75 + s.o 

(2} D = 1.5 in. 

L (ln.) B (ohms) X (o ) 

4.25 1.9 +18.1 

4 • .50 7.0 +:3.5.0 

4.7.5 :30.5 +6S.3 

s.oo J.OO -17.0 

5.25 0.75 - 2 • .5 

.5 • .50 o.os + 1 • .5 

.5 •. 7.5 I + 4.5 
~--

23 
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TABU!! · 1 (continued) 

( 3 ) D = 2. o· in. 

L (in.) H (ohms) X (ohms) 

- 4.25 2 • .5 +2:3.8 

4.50 8.1 +46.5 

4~75 8.5.5 ~108.0 

5.00 4.80 -2-6.5 

5.25 1 • .50 - 8.2 

5 • .50 0.25 - J.l 

5 •. ?5 + 0.3 

( 4 ) D = 2. 5 in. 

L (1n.) R (ohlu) X (olmla) 

4.25 4.5 + 3.5.8 

4.50 ll.J + 61.5 

4.75 170.0 +160.0 

5.00 .s.oo - ,:34.5 

.5.2.5 1.60 - ~s .. o 
5.50 o • .so - '·' . 5.75 - 0.-J 
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·'-'~ I .(oo.a,J.aued) 

L. (bl.l B (ohme) X (ohmS) 

4.2.5 6.0 + 41.5 

4.50_ 1.2 • .5 + 71.0 

4.75 16.5.0 +200.0 

.s.oo 6 • .50 - 48.5 

5.25 1.60 - 21.3 

5.50 0.90 - 11.7 

5.75 - 5.0 

L (in.) R (ohms) X (ohms) 

4.25 8.0 + 49.0 

4.50 12.5 + 7?.0 

4.?5 72 .0 +175.0 

s.oo 21 .50 - 84.0 

.s.as 1.60 - ·2.5. 0 

.5.50 1.60 - 16.5 

5.75 o • .so - 9.0 

' ' . '·" ''·• !~-·' '·· : 
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antenna reached a sharp maximum at a length of approximately 

4.75 inches. This peak is illustrated in Figure 11 and 

Table I. On both sides of the maximum the resistance fell 

off toward zero. The sharp peak in resistance occurred at 

the point of high energy storage in the inductive field, as 

can be seen in Figure 10 and Table I. At a slightly in

creased length the reactance changed abruptly from a high 

inductive reactance to capacitive reactance. Both figures 

indicate a resonating effect in this region. 

Effect of Varying Probe Position 

The effect of varying the feed probe position is inter

related with the length dimension. Figure 12, Figure 13, 

and Table II show that for the longer lengths there is very 

little change in reactance with change in feed position. 

For the shorter lengths, however, there is a fairly large 

change in reactance with a change in feed position. At 

lengths above 4.75 inches the reactance becomes more capaci

tive when increasing the feed distance from the rear of the 

antenna. At lengths 4.75 inches and shorter the reactance 

becomes more inductive with an increase in the distance of 

the feed point from the rear of the antenna. 

Table II and Figure 13 display very well one noteworthy 

fact concerning the resistive component of the input imped

ance. The resistance tends to increase with an increase in 

feed distance for all lengths. However, the magnitude of 

the increase is dependent upon the length of the antenna. 
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lmPDalftAL -~ DSULTS lWn'H IPUD . · P:aoaa-P.:-aS'atQB ·AS TM& VARIABL& 

W = 8.5 la ... ; · .1'._ • 0 .• 2!5 in., t • 400 mo • 

. 
-. • (Ul.) B (ohmll) X (ohms) 
. . ) 

1.8 1.0 +1:3.2 

1.5 '1.9 +18.1 

2 .. 0 2 • .5 +23.8 

2 • .5 4.5 +:3.5.8 

,.o 6.0 +41.5 

3.-5 s.o +49.0 

(2) L z 4.50 in. 

D (ln.) B (ohms) X (ohms) 

1.0 s .. o +:34.0 

1 • .5 ?.0 +3.5.0 

2.0 8.1 +46.5 

2 • .S 11.) +61.5 

3.0 12 .. .5 +71.0 

).5 12.5 +77.0 

: 'i. ' --~ . ... ' 



so 

(3) L = 4.75 in. 

1) ( ln.) Il (obma) X (oluu) 

1 . 0 1? •. 5 + ''·' ·1.5 )O•S + 
,, __ , 

2.0 as ... s +108. 0 

2 • .5 170.0 + 1 6 0 . 0 

3.0 165.0 +200.0 

3 • .5 ?2 ., 0 +17.5.0 

( 4) L • ~ • 0 in. 
,., 

D (in. ) a (ollU) . X Cobld ) 
4 -

1.0 0 - 4 .. ~ 

1.5 J.O -17.0 

2.0 4.8 -26.5 

2 ·.5 s.o -:34.5 

J.O 6.S -48 • .5 

,.s 2l.r.5. : • .84. o : 

·-



(5) L:: 5.25 U • . 
> 

. , . 

: 

D fin .. ) ll {o·bw.a) X (ohlim) 
.. 

'lr.O 0.2J 0 
; -

1~ '' 0.7J . - 2.S 
2.0 1.50 - 8.2 

·2.5 J. .. 6o. · -J.5.r0 

3•·0 1.6o -21.3 

J.S 1.60 -2.5.0 

( e ~::·· i!:l-,·:·::• · -~~~~-- ; -~~ i , ,_: 
' ; ~ 

1.$·. _ o .•. O.S · + I.,, · 

2.0 . 0.2J · . .. ,.:1/ :' . 

2.S O~JO ~ - J~J · 

3. 0 . 0.90 -.:11.? 

3 .-.s< · 1:~'o · ; ;-<-1' •. s 



. 32 

(ohms.) X (ohms) 

0 +s. 0 

;'.'<:~:~5 +4 • .5 

2.0 +0. ~ 

2.S -0.3 

J. 0 -5.0 

3.5 0.5 -9.0 
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Effect of Tapering Top Plate 

When the length of the antenna was greater than 4.75 

inches, a slight increase in the thickness of the antenna 

toward the front brought about a condition of good match. 

In other words, the VSWR approached 1 with a slight taper 

in thickness of the top plate. Greater length of the 

antenna required a correspondingly larger increase in the 

taper to obtain a good match. 

35 

Figure 14 and Figure 15 illustrate the extent of 

matching obtained by the slight taper. Table III, which 

lists the change in impedance with frequency, may be used as 

a guide for scaling the antenna to a slightly larger or 

smaller size. The effect of tapering gave no improvement 

for lengths of 4.75 inches and shorter. 

Bandwidth 

Figure 14, Figure 15, and Table III illustrate the 

bandwidth of the small volume sandwich antenna. The band

width proved to be quite narrow with a total expected band

width of about ten megacycles for a VSWR of 1.10 at the 

center frequency. This is using the original specification 

of VSWR less than 2.0 as the bandwidth limit. 

Pattern 

The radiation pattern was not recorded because of the 

amount of time required to set up the equipment out of 

doors. A check was made inside the laboratory in an attempt 

to determine the general shape of the pattern. A crystal 



TABLE III 

BANDWIDTH DATA 
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(l) W ~ 8.5 ln., L ~ 5.0 ln., D ~ 1.0 in., T ~ 0.25 
for L less than 3.5 in., tapering from T = 0.25 
at L = 3.5 to T = 0.281 at L = 5.0 

VSWR f (me.) R (ohms) X (ohms) 

9.10 416 5.0 0 6.?0 414 7.7 - 1.5 4.50 412 11.2 - 5.7 3.30 410 15.5 - 7.9 3.15 409 16.7 -10.3 2.70 408 19.4 -11.0 2.40 407 26.5 -24.0 1.85 406 31.5 -17.5 1.58 405 39.0 -17.0 1.44 404 42.0 -15.0 1.30 40:3 47.5 -1:3.0 1.15 402 .57.0 - 1 • .5 1.18 401 .59.0 0 1.34 400 · 6o.o +12 • .5 1 • .52 :399 54.0 . +21.0 1.80 398 46~0 +27.3 2.25 397 J6.o +32.0 2.60 396 29.0 +31.5 4.00 395 18.8 +:32.0 s.oo 394 13 • .5 +27 • .5 6.80 393 10.0 +27.0 8.40 392 7.9 +25.5 lS.oo 390 4.0 +18.2 . 18.50 388 3.5 +15.0 



(2) 

:~LE In ·(continued) 

· BANI'MIM'H DATA 

5 · 7~ in D ~ 2.0 in., T • 0.25 w z 8.5, L ~ • J ., ri rrom T- 0.25 
f'or L less than 4 in., tape ng 5 75 in 
at L = 4.0 1n. to T = 0.438 at L ~ • • 

VSWH -r (me.) B (ohms) X (ohms) 

a.oo 412 , 22.5 - 84.0 5.90 410 44.0 - 9S.o 4.40 408 100.0 -10.5.0 3.oo 406 140.0 - :32.0 2.70 405 130.0 + 2.5.0 · 2. 30 404 109.0 + 2.5.0 2.00 403 7.5.0 + JS.o 1.so 402 ''·.5 + JO.S 1.50 401 4J.o + 17.0 1.40 4oo 42 • .5 + 1) .. 5 1.80 399 .31-.0 + 13.0 2.30 398 23:.0 + 10 • .5 2.80 397 1.8.0 0 3.Bo J96 1)-~5 + '2.0 4.10 39.5 ' 1).-0 - '2~0 4.50 394 12·.s "!"" .s.o s.oo J9) '10·.0 - .5.4 .5.6o :392 . 9 • .3 - 9 • .5 6.60 390 s.o . - 1.2.3 7.80 388 7.-0 - 17.0 
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diode in conjunction with a micro-ammeter was used to test 

the relative field strength. The readings indicated an 

omnidirectional pattern was present rather than a cardioid 

shaped pattern. No defined nulls were detected. Because 
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of the effect of re-radiation from surrounding metal objects, 

however, no definite statement can be made concerning the 

radiation pattern. 

III. Sources of Error and Effect of Errors on Result 

Any experimental result must be qualified by stating 

the errors present. There are several errors which must be 

considered when evaluating the results of this experiment. 

These errors and their effect upon the results are discussed 

in the following paragraphs. 

Since all impedance measurements were obtained inside a 

room which contained steel lath in both the walls and 

ceiling, the effect of mutual or reflected impedance must be 

considered. The nearest metal reflector was at least one and 

one half wavelengths distant from the antenna. Although 

this distance was not completely negligible, the effect on 

the shape of the curves should have been small. This 

follows from the fact that the mutual impedance is a function 

of the geometry only, for any given frequency, and that any 

constant value added to a curve does not change the shape of 

the curve. 

Another error of consequence for individual readings 

was the inability of the experimenter to reassemble the 
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antenna in exactly the same manner for each reading. This 

applies particularly to the force exerted on the antenna by 

the holding straps. Any small deviation in thickness of the 

antenna caused by change in pressure exerted by the straps 

results in a slightly erroneous impedance reading. This 

type of error manifests itself in a point on the experi

mental curve deviating from a smooth curve drawn through 

all points. The percentage of points in obvious error was 

small. 

The errors accumulated in calculations and readings of 

null positions should be small in comparison with the errors 

discussed in the foregoing paragraphs. 

Although not an error, one other qualification of the 

results should be noted. The ground plane was of finite 

size. Therefore, the results apply to the finite sized 

ground plane used in this experiment. Use of a ground plane 

of different dimensions should be expected to yield slightly 

different results. 



SAMPLE CALCULATIONS USING EXPERIMENTAL 
DATA AND SMITH CHART 

Experimental Data 

Frequency = 400 me. 

VSWR = 2.0 

Reading of null on slotted line with terminals 

of the antenna shorted= 37.0 em. 

Reading of null with the antenna as the 

termination = 29.5 em. 

Calculation of Impedance 
8 At f = 400 me. = c/f = 3 x 10 8 = 0.75 meters 

4 x ro 
The null with the antenna as the termination is 

7.5/75 = 0.1~ from the shorted null, and is on 

the generator side of the line. 

To find the impedance at the ante.nna terminals, 

enter the Smith Chart at point A which is on the 

VSWR = 2.0 circle. Follow the VSWR = 2.0 circle 

counterclockwise 0.1~ toward the load. Point B 

is then read directly as the relative impedance 

with respect to Z = 50 ohms. The reading at B 
0 

is (0.67 - j 0.48) 50 ohms. Thus, the antenna 

impedance at the terminals is (33.5 - j 24) ohms. 

The negative sign indicates capacitive reactance. 
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CONCLUSIONS 

The small volume sandwich antenna can be matched for 

the dimensions of length approximately 0.17~ (5.0 inches), 

the width approximately 0.29~ (8.5 inches), and the thick

ness approximately 0.0085~ (0.25 inches). However, for a 

VSWR less than 2, the bandwidth is less than 10 megacycles 

for a carrier frequency of 400 megacycles. The sharpness 

with which the radiation resistance changes with feed probe 

position, length, and thickness indicates that the antenna 

resonates in much the same manner as a high "Q" parallel 

resonant circuit. At the dimensions investigated in this 

experiment, the applications of the antenna would neces

sarily be restricted to narrow band transmission or recep

tion about a single center frequency. 

The measurements of relative field strength indicated 

that the antenna pattern approaches an omnidirectional 

radiation pattern. An omnidirectional radiation pattern 

indicates negligible gain in the forward direction of the 

antenna in comparison with any other direction of radiation. 

This omnidirectional character of the pattern is probably 

due to currents on the top and rear plates of the antenna 

being of sufficient magnitude to mask the effect of the 

fields radiating from the front and side openings. Thus, 

at the small dimensions described here, the approximate 

equations derived for this type of antenna by Shanks do not 

apply. Shanks' work neglected these currents. 



In conclusion, the usefulness of the sandwich antenna 

would be restricted to narrow band, low gain applications. 

These antenna characteristics would be particularly desir

able for an application where very high selectivity 
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(high "Q") of the antenna circuit is desired in conjunction 

with omnidirectional reception or transmission. 
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