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CHAPTER IV
EXPERIMENT SET UP AND MEASUREMENTS

A, IMPEDANCE MEASUREMENT: The measurements of the cylindrical stub
antenna consist of two parts:

ks Measurement of the impedance of the cylindrical stub antenna
over a circular ground planc as shown in Fig. 4.1(a) ( £ 3 x
stub length)

2+ Meesurement of the impedance of the cylindrical stub entenna
over a circular ground plane with a concentric hole to reduce
fringing capacitance and cap capacitance as shown in Fig., 4.1
(b) 2nd Fig. 4.2 (a). In this cxperiment, the diameter of the
concentric hole is two and a half times larger than the diameter

of the cylinder.
The instruments,used in this experment, are as follew:

1. A hollow cylindrical antenna made of aluminium,50 cm long
and 3" in diameter. It is tightened by a wooden stick to hold
vertically above the circular ground plane as shown in Fig,
4,2(a)

2. The antemna, which was described in 1 is installed on the desk
2.5 m high as shown in Fig. 4.2(a)

3. A unit voltmeter, Philips type PM 2440 (see Fig. 4.2 (b)
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4, A unit oscillator, General Radio Co. type 1208-B (scec Fig.
4,2(c))

5. A unit power supply, General Radio Co., type 1269-A (sce
Pig. 4.2(c))

6. A unit slotted line, General Radio Co., type 847 (see Pig.
4.2(c))

7. Variable voltage tranformer, Tokoyama Electric Work, type B15
(sece Fig. 4.2(c))

8. Co-axial line RG-8/U, 4,00 metre long , 2s a feeder.

The measurewent /is done by keeping the phvsical length
constent and the freguency is changed (between 150-480 MHz) to attain
the required antenna length, The whole measurement is made at the
top floor of the five story building at the Department of Electrical
engineering, Chulalongkorn University. The datas, obtained from the

measurement , are recorded in the table 4.1 2nd 4.2, that follows
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Fig 4.2 (A) The =tub erlindrical antenna over a cricilar
grovnd plane with concentric hole. .

(B) The equirment for imredance reasurement.,



TABLE 4,1

Data from the impedance measurement (without concentric hole

on the circular ground plane)

L F Emin Emax dmin ds/c Air line
(\) (Hiflz) (mv) (mv) (cm) (cm) (cm)
0,25 150 1.7 3.2 1.5 20.4 -
0.3 180 1.4 2.9 2.2 44.5 20
0.4 240 .8 4,9 31.8 21.8 -
0.5 300 o6 4.3 0.6 37.6 -
0.6 360 3 2.0 11.3 2,3 10

> 0.7 420 1.1 3.0 15.1 10.5 -
0.8 480 8 6.2 13.2 12.2 -
Remark
d ;, = position of the minimum voltage on the
slotted line, on load condition
d = position of the minimum voltage on the

s/c
slotted line with the load terminal short

circuit



Data from the impedance messurement (with concentric hole

on the circular ground plane)

L F - — doin ds/c Air line
(A) | Giz) [ @) | (o) (cm) (cm) (cia)
0.25 152 1.9 3.3 3.0 37.4 -
0.3 160 1.3 2.8 7.7 41.3 10
0.4 240 1.1 3.0 12.4 45.3 20
0.5 300 1.3 4.7 7.2 37.6 -
0.6 360 1.4 4.1 12.5 25.2 20
0,7 420 2.8 3.1 1.0 5.9 -
0.8 480 3.0 3.4 2.3 14.3 -
Remark
bt = position of the minimum voltage on the slotted
line, on load condition
ale position of the minimum voltage on the slotted

line with the load terminal short circuit




TABLE 4.3

Detail computation from table 4, 1

L 3 loss g Adosn R X
(\) (dB) (N) | (ohms) | (onms)
0.25 1,58 .33 2.0 . 095 35 22
0.3 2.07 o 37 2.20 .26 85 40
0.4 6,12 1,06 | 18.4 — .160 8 - 74
0.5 117 1.45 | 30 « 37 2 -9
0.6 8,67 1.58 [ &5 - .108 0 - 40
0.7 2473 »70 4.6 — 065 12 - 20
0.8 TeTS 1.70 |=0o< — 016 0 - 9
Remark
Positive sign of i”dmin = toward generator

Minus sign of gldmi

n

toward load.




TABLE 4.4

Jetail computation from table 4,2

L s loss ¥ A'dmin R X
(M) (dB) (M) | (ohms) | (ohms)
0,25 | 1.74 | .325 | 1.9 172 60 32,5
2.3 | 2.15 | .500 | 2.4 . 262 85 47,5
0.4 |2.73 | .6l6 | 3.10 .203 142 - 30
Co5 | 3,62 | 776 | 4.7 .30 70 - 96
C.6 | 2.53 | .802 | 3.8 .152 35 - 58
Q.7 1.11 600 =k . 068 45 - 5
c.8 |1.13 | .650 | 1.1 192 55 6

Remark

Positive sign of

Minus sign of

/d

min

Ad .
~"min

toward generator

toward load.
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The computation of the datas from table 4,1 and 4.,% are
carried out by using the Smith's chart with the consideration of
cable loss.  /, sample calculation is as follow:

From table 4,2 L = 0.,5~,f = 300 Miz

Hence, the voltage standing wave ratic becomes
4.7

1,3

S =

= 3,62

From Fig, 4.3(2), cable length = 4,00 metre (13.3%3 ft,)

cable loss = E:E + 13,33 dB
100
= 0,466 dB

From Fig, 4.3(b), the additional loss due to the stonding weve equale

to 0,31 dB

]

Therefore, tcetal loss 0.466 + 0,31 dB

0.776 dB
S = 3,68 is the stending wave at the slotted line, but the true
stancding wave 2ot the load terminal is required. From Fig. 4,3(c)
the additional distance A S in the Smith's chart is obtoined
Let Sl = the veltege standing wave ratio a2t the leed terminal
8, =8+4s
= 4,7

The difference between d_, =ad d = Ad
min s/ [e

min
dm:'Ln

37.6 = TR

= 30.4 cm



d = ,304 AN toward geunerator
min

Starting from the minimum point on S = 4,7 and moving
toward the generator for a distance = 0.304X, The normalized
value of the antenna impedance is obtained.

Therefore Z = 1,4 - jl.92
nor

The cherascteristic impedance of the coaxial cazble, type

R3-8/U equals to 50 ohms.

Hence, the input impedance of the cylindrical stub antenna is
Z = 50(1.4 - j1.92) ohms

Z = 70 - jS6 ohms
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I0
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Fig. 4.6 Reactance of stack cylindrical entenna without ~

concentric hole on ground plcne and with length

to radius.ratio = 13,1 (experimental) -
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THE IMPZDANCE MELSUREMENT OF STACKED CYLINDRICAL ANTELNNLS

The impedance measurement of two-element, inphase, stacked
cylindrical antennae with four radial ground rods as shown in Fig.
4,11 and 4.12 is handling in the region of second resonant. In this
experiment, the velue between 0.33A to 0.50A will used by keeping
the physicel length of the antenna constant while the frequencies
vary between 200 to 300 Mz,

The instruments, used in this experiment, are as follow:

1. Two hollow cylindrical antennas made of aluminium, 50 cm long
and 3 in diameter, which the arrsngements are as shown in
Fig. 4.11 and 4.12,

2. Four radial ground rods,each element mede of aluminium,

(0.25n + 3.8 cm) leng and 0.65.cm in diameter.

3. The measuring cquiprents arc exactlythe same as stated in item
%-7 of the former experiment (the impedance measurcment of
the cylindrical stub antenna) .

This experiment is made at the same place as the former
experiment, The datas obtained from this mea&surements are recorded

in table 4.5 that follows :
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r——Copper Wires
Input :
Terminal RG 8/U ‘RG /U
RG B/vL
(8)
$ :

4

The experiment sets up for impedance measurement

of stacked cylindrical antenna with four radial
ground rocds. The dimensions as shown in (A) are

as follow: A =50c¢cm, B = 7,6 cmy, C = 1.5 cm,

D=0.5N, E=F = 05N (B) 9Netail of the

input terminal.




Fig 4.12

The stacked cylindrical an‘enna with four radial
ground rods,

70
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Table 4.5 I“;f§;;u5“ﬁ

Data from the impedance measurement of stacked cylin-

drical antenna at various stub lengths.

with the load terminal short circuit.

L F Eoin B4 S ds /e Air lin€
™) (MHz) (mv) (mv) (cm) (em) (cm)
0.33 200 1. 71 3.2 23.4 47.5 20
0.37 220 1,23 3.8 k7.5 bob 10
0. 40 2ko 2,25 247 26.0 16.8 20
0.45 270 73 b3 40.1 38.3 -
0.50 300 .59 b4 3.5 38, -
Remark
dmin = position of the minimum voltage on the slotted line,
on load condition.
ds/b = position of the minimum voltage on the slotted line



Table UL.6

Netails computed from table 4.5

L s Loss 8. hdmin R X

(0N) (4B) (A) |*(ohms) (chms)
0.33 1.9 .36 2 A7 57 38
0.37 Bl 48 347 — .19 68 77
0.40 10 e 1.2 — .08 45 7.2
O.L“s 6.0 095 20 - .02 205 "'5
0.50 Ze3 g i 30 ] 1.0 =70

Remark

Positive sign of

Minus sign of

min

1]

toward generator

toward load
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B. FIELD STRENGTH MEASUREMENT. The measurement consists of % parts:

1, Mezsurement of the vertical field pattern of the cylincrical
stub antenna 0.4 X long I:as shown in Fig. 4.14(a) and Fig.
4.15(a) |

2, Measurcment of the vertical field pattern of two-eclement stacked
cylindrical antennas., The element's length equels to 0.4 N and
the distance between elements = C.5A and 0.6 |as shown in
Fig. 4,14 (b) end 4.15(b)]

3. Measurement of the verticel field pattern of two-element stacked
cylindrical antennss. With four radial ground rods. The
element's length equals to C.4 )\ and the distance between
elements equal to 0.5X and O.Gh[as shown in Fig. 4.14 (c)
and Fig. 4.15(0)]

The instruments used in these experiments are as follow:

1. Hollow cylindrical antenna, made of aluminium, 50 cm long
and 5" in diameter.

2. For part 2 and 3, two clements are the same aos stated in 1
except for part 3 with four radial ground rods 37 cm (* 0,25N)
lang =znd 5" (% 0.005A) in diameter (distance 1in weve-length
based on freguency 230 MHz)

3. The antennas as stated in 1,2 are fixed firmly on 2 turning
wooden pole to which the pointer attached, at the lower end,

4, A unit oscillator, Gemeral Radio Co., type 1208-8‘[5-39 Fig,

4.15(d)]
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5. Aunit power supply, General Radio Co., type 1269-A
[see Fig. 4.1’?(d)1
6. A unit R,F, amplifier, R4,F. Comunicetion, type RF 815
[Fee Fig. 4.17(d)]
7. A unit field strength meter, Prestel, type MC 16
[sec ‘Fig. 4.17(d)]
8. Reguletor, ToKoyama Electric Work, type B 15 {550 Fig,
4,16(d) ]
9. Co-axial line RG-g/U, 4.60 meter as a feeder.
The mecsurements aremade at a frequency of 230
MHz and the vertical field patterns are measured by
rotating the antennas in horizontal plane. The experiments
areé perfomed on the top floor of the five-story building
at the Department of Electricel Engineering Chulalongkorn
University and are made after midnight for which there are
very iittle disturbing signals. The datas obtained from
the experiments and their normalized values are recorded

in table 4.7 to 4.14, that follows:
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RF Gener:tor
Power supnly
Field strength meter

W
L .

Amplifier

Fig 4.15 (D) The equipment for finld strength

measurement



TABLE 4.7

Field strength of 0.4 A cylindrical antenna

Degroo Field Strength (x10 V) kvorage |Normalsod
E1 E 2 E3 (x10/uV) (x10,uv)
0 18 16 14 16 .94
10 19 17 15 17 1
20 18 15 14 15,66 .92
30 16 14 13 14.33 .84
40 14 13 12 13 .76
50 13 12 11 12 .70
60 10 9 7 8.66 .50
70 9 A § 6 7.33 43
80 8 6 5 6.33 37
90 6 7 4 5 .29
100 5 & 4 4,33 «25
110 8 7 6 7 o
120 1" 9 YA 9 52
130 13 12 9 11,33 .66
140 15 13 11 13 .76
150 17 14 12 14,33 .84
160 18 16 14 16 <94
170 19 17 15 17 1
180 18 16 15 16.33 .96
i




Field strength of 0.4 A

TABLE 4,8

yeylindrical antenna

Field Strength (x10av)

Degree Average Normalizod .
E, By Es (210 aV)
190 16 15 13 14,66 .86
200 14 12 1" 12.33 .72
210 1 12 10 11,66 .68
220 13 9 9 9.66 .56
230 9 8 T 8 AT
240 8 T 7 733 .43
250 7 5 6 6 32
260 7 4 4 5 29
270 6 3 3 4 23
280 8 4 3 5 «29
290 9 5 4 6 35
300 10 5 5 i A
310 12 9 9 10 .58
320 14 10 9 1" .64
330 15 13 10 13 .76
340 17 15 1" 14,33 84
350 18 16 13 15.66 92
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TABLE 4.9 %Mﬂ“” i
Field strength of stack cylindrical antenna, 0.5 A apart,
without ground plane.
Dogroe Field $trength (10 av) Average  |Normaliged
By £ Es (z10 av) B
0 26 29 29 28 1
10 24 28 27 26,33 94
20 20 24 24 22,66 .80
30 16 19 18 17.66 .63
40 12 15 1% 13.33 AT
50 8 1 S 9.33 «33
60 7 9 8 8 «28
70 5 6 6 5.66 «20
80 6 5 6 566 «20
90 6 6 5 5.66 .20
100 5 4 6 5.00 .18
110 6 8 7 7.00 .26
120 8 9 7 8.00 .29
130 11 13 12 12.33 .45
140 16 18 16 16,66 .60
150 20 23 21 21,33 .76
160 21 26 24 23.66 .84
170 25 29 27 27 «96
180 25 30 27 27.33 « 97
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TABLE 4.10

Ficld strength of stack cylindrical antemna, 0.5 A apart,

without ground plane,

Degree vl s (x10,u¥) Average Normalized
B - B (x10 uv)

190 24 28 26 26 .92
200 21 25 23 23 .82
210 17 21 19 19 .67
220 13 15 14 14 «50
230 T S 7 7.66 27
240 T 8 6 7 25
250 p) 1 5 5.66 .20
260 4 6 5 5 A7
270 4 5 4 4.33 15
280 5 5 o 4,66 16
290 4 4 (] 5 17
300 5 7 7 6433 022
310 { 10 8 8.33 «29
320 10 13 " 11,33 «40
330 16 20 17 5.66 <63
340 22 25 24 23,66 .84
350 25 3 28 28 1




TABLE 4,11

Field strength of stack cylindrical antemna, 0.6  apart,

without ground plane,

83

Field Strength (x10 uV)

Degree Average Normalized
B 2 B (x10 ai¥)

0 33 35 31 33 1
10 32 33 30 31.66 «95
20 26 29 28 27.66 .84
30 18 20 18 21.66 .66
40 14 18 17 16.53 49
50 9 12 1" 10.66 32
60 8 9 9 8.66 «26
70 6 6 5 5.66 T
80 5 6 4 5 .15
90 6 5 5 5.33 16

100 7 6 7 6.66 20
110 10 8 g 9.33 28
120 T 9 6 T.33 022
130 10 12 10 10.66 32
140 14 16 13 14,33 W43
150 20 22 19 20,33 .61
160 26 25 26 25.66 T
170 30 32 28 30,00 .96
180 32 30 30 30,66 « 52




TABLE 4,12

Field strength of stack cylindrical antenna, 0,6 A apart,

without ground plane.

84

Field Strength (x10 aV)

Degree Average [Normalized
Ey By s (x10 V)
190 32 34 31 32,33 97
200 29 30 27 28,66 .86
210 20 22 18 20,00 «60
220 7 8 7 T7.33 23
230 6 1 3 o P 10
240 5 5 4 4,66 14
250 6 & 5 5.00 15
260 6 5 4 5.00 15
270 7 9 6 Te33 22
280 8 10 7 8.33 «25
290 5 6 5 5.33 16
300 6 5 8 6.33 19
310 9 8 1 9.33 .28
320 12 11 14 12,33 37
330 20 17 21 19.33 .58
340 25 23 27 25,00 .75
350 33 30 b1l 31.33 94




85
TABLE 4,13

Field strength of stack cylindrical antenna, 0.5 A apart,

with four radial ground rods,

|

— Field Strength (x10 mV) T N
By Ep Ez (x10mV)

0 51 47 46 48 1
10 40 42 44 42 .87
20 38 32 30 33.66 .70
30 23 18 17 19.33 .40
40 13 9 7 9.66 .20
50 11 10 8 9.66 .20
60 12 11 9 10.66 22
70 8 10 11 9.66 .20
80 4 3 4 3.66 .07
90 3 2 2 2,33 .05

100 1 8 1 .97 .02
110 3 3 2 2,66 .06
120 4 3 3 3433 .06
130 4 3 3 3.33 .06
140 1 8 9 9.3% .19
150 17 14 17 16 33
160 33 28 29 30 .62
170 45 42 4 42,66 +88
180 48 44 46 46 «95




TABLE 4,14

F|

86

Field strength of stack cylindrical antenna, 0.6 A epart, with

four radial ground rods.

Degree el Otrength (X1O}dv) Average Normalized
L By (x10 V)

0 56 52 54 54.00 0.95
10 50 45 46 47,00 0.83
20 37 33 34 34.66 0.60
30 21 17 18 18.66 0,32
40 17 14 14 15.0 0.26
50 15 13 1" 13.00 0.23
60 18 15 13 15.39 0.27
70 15 13 10 12,66 0.22
80 1" 9 8 9.33 0.16
90 1 10 8 9.66 0.165

100 13 1 9 11.00 0.19
110 15 12 " 12,56 0,22
120 17 14 12 14.33 0.25
130 14 12 11 12.33 0,22
140 13 11 10 11.33 0.20
150 18 15 13 15.33 0.26
160 35 29 24 29.33 0.52
170 59 56 52 55.66 0.97
180 62 58 54 57 1

|
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