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SUMMARY 

In the frequency range of 1-30 Mc, many types of receivers and 

measurement devices use small loop antennas. These antennas are ineffi­

cient in this frequency range because of their low output, but they have 

characteristics which make them desirable for some applications. The 

loops are physically small, which makes them convenient for manipulation, 

and they have nulls in their response pattern which allow them to be 

used for direction finding applications. 

This report develops a technique for matching the loop impedance 

to a receiver input over a wide band of frequencies without the need for 

tuning at each frequency. The technique consists of incorporating the 

antenna parameters as the leading elements of a filter network. 

Experimental verification of the technique is given showing that 

the technique is useful in the frequency range of 1-30 Mc. A theoretical 

extension of this technique to other applications is also discussed. 



CHAPTER I 

INTRODUCTION 

Definition of the Problem. 

In a great many applications, it is desirable to use an antenna 

that is physically small. Often,, the frequency range of interest is far 

below the resonant frequency of the antenna. Examples of this type of 

operation are many^ two of these being the high frequency,, 1-30 Mc, loop 

direction finder and high frequency field intensity instruments. A typ­

ical HF loop direction finder uses a small single turn loop with a di­

ameter of approximately 12 inches. The field intensity meter can. use 

several antennas3 among which is also the single turn 12 inch loop. For 

this reason., a similar antenna has been selected for this investigation. 

The resonant frequency of the 12 inch loop antenna is approximately 200 

Mc. When used in the 1-30 Mc range, it is very inefficient. That is^ 

the induced voltage is low^ and it is very difficult to match the antenna 

to a receiver to obtain the maximum power transfer. This results in very 

low sensitivity. Since the induced voltage cannot be changed without 

changing the antenna design^ any attempt at improvement must be directed 

toward obtaining a better match between the antenna and the receiver. 

The optimum match is considered to be that which transfers the entire 

induced voltage of the loop to the receiver input at all frequencies. 

Since this optimum is unobtainable practically^ two other approaches 

are investigated: (l) transfer of as much of the induced voltage as 
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possible over a limited band of frequencies, and (2) allowance of some 

ripples in the pass band in order to obtain a somewhat wider frequency 

range. 

Previous Approaches to the Problem 

Many types of approaches have been tried to solve the loop antenna 

impedance matching problem in the past. These have met with varying de­

grees of success. Several of these approaches are in use today, the two 

most popular being the capacitive antenna trimmer and the impedance 

transformer. 

The capacitive antenna trimmer in its simpliest form consists of a 

variable capacitor placed in series with the antenna. In operation, the 

trimmer is adjusted to resonate with the antenna inductance for the best 

power transfer. The receiver S meter is normally used as an indicator 

or, if this is not available, the trimmer is tuned for maximum audio re­

sponse. 

The impedance transformer is simply a transformer used to more 

closely match the antenna impedance to the receiver input by transforming 

the antenna impedance level to one that is closer to the receiver input. 

Both conventional transformers and autotransformers are used for this 

purpose. 

In practice, these two systems sire used in the same receiver. 

Several transformers provide a closer match over the frequency range of 

interest. The transformers are usually designed to operate over a one-

octave band of frequencies or one receiver band. The transformer switch­

ing is done in conjunction with the band switching, hence an extra 
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switch is not needed. A trimmer capacitor is then placed in series with 

the transformer secondaries. An example of this type system using both 

transformers and a trimmer capacitor is shown in Figure 1. 

Purpose of the Research 

The purpose of the research described is to develop and eval­

uate a different technqiue for matching the loop antenna to the receiver 

input over a broad band of frequencies. The procedure consists basically 

of designing a filter that is flat to a given tolerance over as much of 

the frequency band as possible and incorporating the antenna parameters 

into the filter as the first, or leading, element. The desired filter 

response is one that will transfer the entire voltage induced in the loop 

to the receiver terminals over the frequency range of interest. Since 

this will in general not be possible, it will be shown that the desired 

filter response can be approximated to within a given tolerance. The 

frequency range of interest to this research is 1 to 30 Mc, and the fil­

ters are designed on that basis. 

Review of Literature 

A review of literature concerned with applications of the technique 

described here has yielded one report published by the Naval Research 

Laboratory which discusses use of a loop antenna with an airborne UHF 

direction finder in the 200-400 Mc frequency range. In this application, 

the loop parameters were used as the first elements in a bandpass filter; 

however, the filter parameters were obtained using transmission line con-
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stants rather than the lumped constants used in the present research. 

Other than this report no literature has been found dealing with 

the present or related technqiues. 

Loop To 
* Band Switch 

To 
KF Amplifier 

Figure 1. Typical Antenna Input Circuit for a Communications 
Receiver. 
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CHAPTER II 

PROCEDURE 

Antenna Parameters 

Before any attempt at improving the impedance matching between 

the antenna and the receiver input can be made, the characteristics of 

both the antenna and receiver input must be known. For the purpose of 

this research, the receiver input will be assumed to be 50 ohms with no 

reactive component. This value was chosen since it appears to be the 

most predominant value used as a design goal. Also, the measurements 

become much simpler in the experimental phase of this research, since 

most of the instruments, cables, attenuators, etc., are designed for a 

50 ohm system. This choice does not rule out using this technique with 

other impedances. Experimental verification of the procedure using a 

50 ohm system will be valid for other impedance levels as well. 

The schematic diagram shown in Figure 2 represents the loop an­

tenna parameters with the simplifying assumption that the resistance, 

/rmnn. 

'A 

Figure 2. Loop Antenna Schematic. 
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inductance, and shunt capacitance can be considered as lumped constants. 

The induced voltage, e., is also considered lumped although it is act­

ually induced over the entire loop. The three parameters, resistance, 

inductance, and shunt capacitance sire needed, together with their behavior 

with frequency before the networks can be designed. 

By using a grid dip meter, the antenna was found to have a self 

resonance at 185 Mc. Using an inductance-capacitance meter, the effect­

ive low frequency, 1 kc, inductance was found to be 1 microhenry. Cal­

culating the shunt capacitance from these two measurments gives a value 

of 0.75 picofarad. This is sufficiently small not to influence the low 

frequency inductance measurement. The effective resistance is composed 

of two parts, the ohmic or copper resistance and the radiation resistance. 

The copper resistance is very small, being that of 3*2 feet of approxi­

mately No. 12 copper wire. Terman' states that the radiation resistance 

of a small loop antenna is 

Rr = 3-12 (10 )(N^)'" ohms, (l) 
X 

where 

N = number of turns on the loop, 

A = area of the loop in square meters, 

X = wavelength, in meters. 

For a one turn loop with a 12 inch diameter, Equation (l) reduces to 

R = 5-53(10"')f ohms (finMc). (2) 
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At 1 Mc this is simply 5-53(10"') ohms and at 30 Mc it is 0.8o ohms. 

Impedance bridge measurements verify that the total effective resistance 

remains less than 1 ohm over the entire frequency range of interest. 

For the purpose of this research., the antenna will be assumed to 

act as a 1 microhenry inductor in series with the induced voltage as 

shown in Figure 3- Impedance bridge measurements also verify the validity 

of this assumption over the frequencies of interest here. Figure 3 

A 
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Figure 3» Simplified Loop Antenna Characteristics. 

reflects this assumption and shows the simplified antenna schematic to­

gether with its transfer characteristics. 

Network Design 

Using the equivalent circuit shown in Figure 3> networks can be 

designed and experimental verifications made. When connected to the 

receiver, the resulting inductance-resistance network formed by the an­

tenna and receiver input resistance is a simple lowpass filter. An im­

provement in the response at higher frequencies can be obtained by 
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converting this to a simple bandpass filter as shown in Figure k, where 

(ju is the desired center frequency, It is seen that the simple bandpass 

filter gives an improvement in the high frequency response; however} the 

C = 
A 

r-nSWtf^-

2T 
(ju L . 
o A 

>-& 

', Receiver 
»Input 
\B.e si stance 

Frequency 

Figure k. Simple Bandpass Filter. 

improvement is only over a narrow frequency band. If this filter is to 

operate over a wide band of frequencies, it must be made tunable. The 

capacitive antenna trimmer system is identical to Figure k with a variable 

capacitor substituted for the fixed capacitor shown. 

Since the antenna acts as a single series inductor^ it may be used 

as the leading element in any type of filter whose first element is an 

inductor^ providing the value of this leading element can be forced to 

be the 1 microhenry inductance of the antenna. Many types of filters 

exist which fulfill the above conditions. Two of these are the Butter-

worth and Chebychev approximations to the ideal lowpass filter response. 

The Butterworth or maximally flat transmission function is given 

by 
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where 

2 ] 
|Z12(jaOn = '— > (3) 

1 + U0 

Z,p(j(ju) = filter impedance transfer function,, 

n = order of the function. 

The order of the function determines the slope of the transfer function 

both in the passband and after cutoff. As n increases, the passband 

becomes "flatter" and cutoff becomes more rapid. 

The Chebychev or equal-ripple approximation is based on the 

equation 

|Znp(juu)|
2 = ^ , (It) 

1 2 1 + e T 2(lu) 

where 

T (uu) = Chebychev polynomial of the first 
kind of order n, 

e = ripple tolerance. 

As with the Butterworth function, the order n determines the slope of the 

impedance function. In the Chebychev function, n also determines the 

number of ripples in the passband. The height of the ripples is deter­

mined by e in the relation %• The height of the ripple is normally 
1 + e 

expressed in db below the maximum response. 

Deriving networks from Equations (3) and (k) proves to be a labor­

ious task; however, normalized element values have been tabulated by 
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Weinberg making this task unnecessary. Portions of these tables are 

shown in the Appendix as Tables 3 through 5. 

The procedure for using these tables consists of selecting the 

type of filter desired, and determining the ratio of input to output 

resistance. This resistance ratio is shown in the tables as r. The ele­

ment values are read from the line of the table corresponding to the des­

ired number of elements, n. These values are those of a lowpass filter 

terminated in a 1 ohm resistor and with a cutoff frequency of 1 radian 

per second. The impedance and frequency normalizations are removed 

by converting the impedance level from. 1 ohm to the desired level, and 

transforming the cutoff frequency to the desired value. As shown by the 

sample calculations in the Appendix, the frequency is transformed by an 

amount that depends on the value of the inductance of the first element. 

The larger this element, the higher the cutoff frequency will be. A 

brief inspection of the tables shows that for Butterworth filters, as 

the number of elements increases, the value of the leading inductor de­

creases for equal source and load resistances (r = l) and increases slowly 

for zero source resistance (r = 0). For the Chebychev filters with both 

r = 0 and r = 1, the value of the leading element increases slowly with an 

increasing number of filter elements but increases rapidly with increas­

ing e. Since the amount of frequency transformation available is directly 

proportional to the value of the leading element of the prototype filter, 

it follows that the use of large values of e will result in large band-

widths of the final lowpass filters. Additional modest increases in band­

width can be obtained by increasing the number of filter elements. The 

degree of impedance normalization also affects the cutoff frequency of 
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the final lowpass filter. Since the value of the leading inductance 

in the filter is directly proportional to the "Impedance level, a high 

impedance will produce a large bandwidth. For example, doubling the im­

pedance level will increase the bandwidth by EL factor of two. 

In the present application., frequencies below 1 Mc are of no in­

terest; therefore, the lowpass filters designed using the tables can be 

converted to bandpass filters and the upper cutoff frequency thus raised. 

The bandpass transformation is performed by a change of independent 

variable in Equations (3) and (^). The frequency variable co is replaced 

by uu, where 

2 2 
0) - U) 

i= • (5) 
oti 

This transformation is accomplished in the physical network by series 

resonating each inductor and parallel resonating each capacitor at the 

geometric mean frequency given by 

"o = V2. ' ^ 

where 

Co-. = desired lower cutoff frequency., 

(jOp = desired upper cutoff frequency. 

The bandwidth of the bandpass fliter, uon - yj ., thus obtained is equal to 

the cutoff frequencyj cu of the lowpass filter. 

Although the equivalent source impedance of the loop is very small 

and is neglected in this research, this fact does not limit the filters 
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to only those with zero source impedance. An artificial source impedance 

of any value can be inserted in series with the antenna and filters des­

igned using this impedance. In this research, a 50 ohm source impedance 

is considered in addition to zero source impedance. The reasons for 

this choice become apparent in the next chapter. All of the filters 

are designed in the same manner; however, different tables are used for 

different values of r. where r is defined as the ratio R /RT. Tables 3 
s L 

through 5 give element values for r = 0 and r = 1. Weinberg lists ele­

ment values for several values of r, including zero and one. 
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CHAPTER III 

INSTRUMENTATION AND EQUIPMENT' 

General Considerations 

For ease of measurement, the experimental portion of this research 

is divided into two phases. Phase I is a closed system of measure­

ments, that is, the signal is injected directly into the network without 

being radiated. Phase II is an open or radiated system of measurements. 

Here the signal is radiated by a standard antenna and received by the 

loop under consideration. Phase II is much closer to the final use of 

the antenna; however, the measurements of Phase I are more accurate and 

prove useful in determining the correlation of the measured results with 

the theoretical values. 

In the closed system, the filters are designed with equal input 

and output impedances of 50 ohms for compatability with test equipment. 

The output impedance corresponds to the receiver input while the filter 

input impedance is an artificial resistance placed in series with the 

antenna to allow a signal to be injected into the network. If the in­

duced voltage in the loop is zero, the loop will act as a single 1 micro­

henry inductor. The equivalent circuit of the signal generator appears 

as a voltage source in series with a 50 ohm resistor. Therefore, with 

the signal generator connected to the antenna, the circuit is identical 

to the initial portion of Figures 29 and 30. The networks are then de­

signed from Weinberg's data using the tables for equal source and load 

impedances. 
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For the open system, filters designed for zero source impedance 

and a 50 ohm output impedance are measured in addition to those prev­

iously discussed with 50 ohm source and output impedances. The 50 ohm 

source impedance consists of a 50 ohm resistor placed in series with 

the antenna, with the remainder of the filter designed as described above 

for the closed system measurements. For the zero source impedance fil­

ters, the 50 ohm resistor is removed and the networks designed using 

the r = 0 or zero source impedance tables. In the open system, only 

bandpass filters are evaluated because the induced voltage in the loop 

is below the receiver sensitivity for frequencies below 1 Mc. All band­

pass filters have center frequencies of 

fQ = ~\l(1 x 106)(30 x 106) = 5.̂ 8 Mc. 

The closed system technique is used initially to evaluate the filter de­

sign in terms of the theoretical response. In this phase, the insertion 

loss of the loop and additional components and the shape of the passband 

are measured and compared to theoretical values. In Phase II, the open 

system is used and the receiving efficiency is measured in addition to 

evaluating the passband shape. Since the closed system measurements are 

more accurate and more easily conducted, they are used as the basic ap­

proach. These tests verify the assumption that the antenna acts as a 1 

microhenry inductor. The radiated measurements are used to check the 

matching technique under actual conditions when operating with a re­

ceiver and are also used to evaluate networks that do not lend them-
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selves to the closed system, such as the networks with zero source im­

pedance . 

Phase I - Closed System. Measurements 

The closed system measurements were made using the two test sys­

tems shown in Figures 5 and 6. Figure 5 shows a system using a sweep 

generator and an oscilloscope as the signal source and indicator, respec­

tively. The sweep generator used has a 50 ohm output impedance. A two 

foot length of 50 ohm coaxial cable terminated with a 10 db pad connects 

the generator to the circuit input. This combination appears to the loop 

as a 50 ohm resistance and serves as the source impedance. Another 10 db 

pad is placed at the output of the matching network followed by a diode 

detector with a 50 ohm input impedance. Again, this appears to the net­

work as a 50 ohm resistance and serves as the load impedance. The dc 

output of the detector is displayed on an oscilloscope. The system is 

calibrated by removing the loop and matching network from the system 

and noting the position of the oscilloscope trace. Successive attenuation 

is then added and the trace position recorded at each step. The horizon­

tal or frequency axis is calibrated by displaying the marker from the 

sweep generator and recording its frequency at each 0.5 cm on the oscillo­

scope graticule. With the system thus calibrated, various types of net­

works are placed in the system and photographs taken of the oscilloscope 

presentations. Values are then scaled from the photographs and plotted 

with more appropriate scales. 

The measurement system shown in Figure 6 rather than the system 

of Figure 5 is used to evaluate the bandpass networks. A conventional 
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Sweep 
Generator 

10 db Pad 
Loop and 
Network 

Detector 
Oscillo­
scope 

Figure 5- Closed System Measurements-Sweep Generator Method. 

Signal 
Generator 10 db Pad Loop and 

Network 
20 db Pad 

Oscillo­
scope 

Figure 6. Closed System Measurements-Signal Generator Method. 
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signal generator is used because of the difficulty in obtaining accurate 

readings at low frequencies with the sweep generator, which gives poor 

information concerning the lower cutoff frequency of the bandpass filters. 

The conventional signal generator can be tuned to any frequency desired 

and the output displayed. In this system., the signal generator is 

connected to the network input as before. The output, however, is con­

nected to the oscilloscope through a 20 db pad without a detector. The 

input impedance of the 20 db pad is sufficiently close to 50 ohms when 

terminated in the high impedance of the oscilloscope for the purpose of 

these measurements. The system is calibrated by removing the network 

and measuring the voltage with the oscilloscope. The network responses 

are then measured and the output voltages converted to db below the in­

put by a simple digital computer program, and the values plotted. 

Phase II - Open System Measurements 

Open system measurements are made using the. system shown in 

Figure 7. The method consists of establishing a standard field and then 

measuring the network output when the antenna is placed in this known 

field. The standard field is established using the system developed by 

il 
the National Bureau of Standards for calibrating field intensity meters 

up to 30 Mc. The transmitting antenna is a balanced unshielded loop 

whose circumference is less than \/8 at the highest frequency in order 

to have an essentially constant phase throughout the loop. This loop is 

fed from a signal generator and balancing transformer to prevent radia­

tion from the coaxial line which would be present in an unbalanced system. 

The loop under test is placed coaxially with the transmitting loop 
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Signal 
Generator 

Balancing 
Transformer 

Transmitting Loop 

Calibrated 
Receiver 10 db Pad Loop and 

Network 

Figure 7« Open System Measurements. 
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at a known distance away from the loop. Although the measurements are 

made in the near field in terms of the induction field, H, they are re­

lated to the equivalent electric component, E, which would exist in the 

far field by E = ZH, where Z is the impedance of free space, 12On. The 

National Bureau of Standards gives the equivalent E field as, 

2 
60TT rn I f * N2 

I'l • ,,2 2 1 a,3/2 V * + ^ * ™ 
(d + r± + r 2 ) J / A 

where 

E = equivalent free-space electric field intensity 
in volts per meter, 

r = radius of transmitting loop in meters, 

rp = radius of test loop in meters, 

d = axial spacing between loops in meters, 

I = transmitting loop current in amperes, 

X = free-space wavelength in meters. 

The loop and network under test are connected through a cable approx­

imately eight feet long to a receiver with a 10 db pad and a 50 ohm in­

put . This receiver is equipped with a meter that is calibrated in terms 

of input voltage. At each frequency the receiver is calibrated using 

the signal generator and the gain control on the receiver to give a con­

stant meter reading for a standard input voltage. The signal generator 

is connected to the transmitting loop and the signal generator output ad­

justed to give a preset value of current through the loop. This value is 

67 ma as determined by the voltage drop across a 1.2 ohm resistor placed 
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in series with the transmitting loop. The test loop is then connected 

to the receiver and the output measured in terms of db below the calibra­

tion voltage. 
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CHAPTER IV 

DISCUSSION OF RESULTS 

The results of the experimental phases agree very closely with 

the theoretical results. Curves showing the response characteristics 

of various types of networks are shown in the Appendix. The experimental 

data are summarized in Tables 1 and 2 together with the calculated theo­

retical values. It is seen that very close agreement between the two 

does exist. The individual networks are discussed in more detail below. 

Figure 11 through Figure 19 describe closed system measurements while 

Figure 20 through Figure 28 describe open system measurements. 

The most desirable filter type for this application is one which 

has a flat response curve over the frequency range of interest. This at 

once points to the Butterworth approximation to the ideal lowpass re­

sponse. A three element Butterworth lowpass filter was designed using 

the procedure described earlier. Figures 11 and 12 show the results of 

the measurements made using this network and its transformed bandpass 

equivalent. As the figures indicate, this filter gives a flat response 

over the passband; however, the bandwidth is not wide enough for the 

present applications. 

By allowing some ripple in the passband., a Chebychev filter can 

be designed that will give a much wider passband. Figures 13 and 14 show 

a three element Chebychev filter designed for a 1 db ripple. This net­

work gives approximately twice the bandwidth obtained with the Butterworth 

filter. The 3 db Chebychev filter of Figures 15 and l6 gives approximate-
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ly three times the ba.ndwidth of the Butterworth network. 

The next logical extension of this theory is to evaluate filters 

using more than three elements. As seen in Figure 17, the five element 

Butterworth does not give as wide a, bandwidth as the three element Butter-

worth. This agrees with the theory of Chapter II where it was noted 

that this will hold true for any number of elements with the Butterworth 

function and with r = 1. As is shown in Chapter II, this is not true 

with the Chebychev function. As the number of elements is increased, the 

bandwidth increases. Figures 18 and 19 show five element Chebychev func­

tions with 1 db and 3 db ripples, respectively. 

The measurements made using the open system are shown in Figures 

20 through 28. All of these curves have been normalized with respect to 

the induced voltage. When these networks are placed in an electromagnetic 

field with a constant field strength, the induced voltage will not re­

main constant but will increase at a rate of 6 db per octave, i.e., the 

output voltage will double each time the frequency doubles. This is 

shown in the Appendix, where Equation (l8) indicates that the expression 

for the induced voltage in a loop contains a frequency term. With all 

other factors constant, this gives a 6 db per octave increase in induced 

voltage. The open system curves are plotted in db below the theoretical 

induced voltage calculated from the Appendix, Equation (20) and the value 

of the standard field. This allows easier comparison with the closed 

system measurements. 

The data of Figure 20 is from the same Chebychev filter as that 

of Figure 11. This curve is used to check the accuracy of the open field 

measurement system. The expected accuracy of this system is ±2.0 db. 
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Factors affecting the accuracy are., (l) signal generator calibration., 

(2) receiver calibration., (3) calibration of pads., (k) losses in cables., 

and (5) accuracy of establishing the standard field. The curves in gen­

eral show agreement with the theoretical response to the expected accuracy. 

The open system curves indicate thart the induced voltage in the loop is 

approximately 1 db lower than the calculated value. This inaccuracy 

could have been caused by the equipment used to measure the current in 

the transmit loop or inaccuracy in the dimension of either loop or spac­

ing between loops. The curves also tend to be lower at the higher fre­

quencies. This indicates that at the higher frequencies., reflections 

from the walls of the room may be present., Also as the frequency in­

creases, one of the basic assumptions of a loop antenna used with a 

direction finder, i.e., that the phase around the loop is constant, be­

comes progressively less valid. A combination of these two effects may 

be causing the higher frequency response to be lower. 

It should be noted that the network response of Figure 20 is 

6 db below the calculated value. This is because of the 50 ohm source 

impedance that was added to the network. One half of the induced voltage 

is developed across this resistor and one half across the load resistor. 

This fact makes the network with zero source impedance more desirable 

if sufficient bandwidth can be obtained. 

Results of the open system measurements are summarized in Table 2. 

Although these measurements do not agree ELS well with the calculated 

values as in the closed system, they do in general fall within the ex­

pected accuracies. All of these measurements point out two important 

features of the networks with zero source impedance, (l) the bandwidth 



Table 2. Open System Measurement Summary 

Fig. Type of Filter 

18 3 Element Butterworth 

19 3 Element Chebychev 

20 3 Element Chebychev 

/ - n ^ TP1 o m o n + " R n t + O T ^ u n r + V i 

22 5 Element. But terworth 

23 5 Element But terworth 

Theoret i c a l Measured 

ipp le f l f 2 BW Ripple f l ±2 BW 

0 2.10 1^.06 11.9^ 1.0 2 . 2 0 1 2 . 0 9 . 8 0 

1 2.10 1*1.10 12.00 2 . 5 1.90 1*».3 1 3 . ^ 0 

3 1.70 17.90 16.20 3 9 
-J ' -J 1.80 1 6 . 8 1 5 . 0 0 

0 2.08 -lli.^ft 1 9 . 3D 
——»„/ -— 

2 , 0 2 = 30 1 2 , 5 1 0 , 2 0 

1 2.00 15.25 13-25 1-5 2 . 0 5 1 3 . 7 1 1 . 6 5 

3 1.60 18.70 17.10 3 . 2 I . 8 7 1 9 . 0 1 7 . 1 3 

ro 
vn 
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of these networks is lower than with comparable type networks with equal 

source and load impedances, and (2) increasing the number of elements 

yields only a minor increase in bandwidth. This was expected from the 

theory of Chapter II. 

Figure 27 shows the loop antenna with no filter, for comparison 

with other measurements. Figure 28 shows the antenna with a capacitive 

trijiuner added. Although this improved the antenna response, it must be 

readjusted at each frequency. This is both inconvenient and if the an­

tenna is used in a measurement device it will add inaccuracies in the 

measurements because of the reseta'bility of the trimmer. 
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CHAPTER V 

THEORETICAL EXTENSION OF MATCHING TECHNIQUE 

Although the networks for this research were designed using the 

Weinberg tables, they need not be in practice. Other design procedures 

which yield the proper value for the first element can be used. In the 

case of the bandpass networks, other techniques can be used which would 

yield equivalent networks to the ones used here and with fewer elements. 

The present design method is not presented as the most efficient but 

rather as one simple, convenient method of achieving the desired results. 

If an impedance level other than 50 ohms is desired, it is easily 

obtained when the network is designed. The impedance level of the normal­

ized network is simply transformed to a different level. When a wider 

bandwidth is needed, a higher impedance level is desired. As shown in 

the Appendix, with an impedance level of 200 ohms rather than 50 ohms, 

four times the bandwidth can be achieved. If this matching technique 

is to be used with a receiver that is in the design stages, the choice 

of a higher impedance level should be considered. 

When the load impedance is not a pure resistance or when the an­

tenna equivalent circuit contains more than one reactive element, the 

matching technique described here is still valid; however, the Weinberg 

tables can be used only in special cases which will be discussed later. 

Consider the matching situation shown in. Figure 8. The antenna 

consists of a source resistance and more than one reactive element. The 
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configuration shown is only an example. Neither the antenna nor the 

nmr^ 
Matching Network 

Figure 8. Generalized Matching Parameters. 

5 
load need be limited to these particular parameters. Fielder outlines 

a method of matching a source to a load where both the source and load 

are arbitrary but known impedances. By a simple redefinition of the 

matching network_, Figure 8 becomes the type network described by Fielder. 

Figure 9 illustrates this network. Because of the additional constraints 

placed on the network by the source and load impedances, less control 

! 7 

Mat ching Network 

i i 

Figure 9* Matching Network Described by Fielder. 

over the bandwidth and matching network parameters is possible than 

when the Weinberg tables can be used; however., a matching network it 
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assured for the more complex source and load. 

Ii the source can be reduced to a single reactive element such 

as with the 12 inch unshielded loop, more control can be obtained when 

matching to the arbitrary load shown in Figure 9- The method of Fielder 

would still be used, but with fewer restrictions placed on the matching 

network. This type analysis would be used to match the loop to a 

receiver input when the input is other than a pure resistance. 

When the antenna equivalent circuit consists of more than one re­

active element, but the load is a resistance, the method described by 

6 
Fano is applicable. This method allows an arbitrary source to be 

matched to a resistive load. Figure 10 illustrates this situation. 

Matching Network 

-nrsir^ 
LA 

'A R, 

Figure 10. Matching Network Described by Fano. 

The methods of Fano and Fielder provide a matching technqiue for 

the general cases described above. As mentioned earlier, the Weinberg 

tables may be used in certain specialized cases. The circuit of Figure 

10 can be matched using the Weinberg procedure providing the antenna 

shunt capacitance, C., is no larger than the first shunt capacitor in 
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the Weinberg network. The first shunt capacitor would then consist of 

C. in parallel with an added capacitor of proper size to produce the 

needed value. This would be the case when using a 12 inch shielded loop. 

The capacitance of the shielded loop is too large to be neglected, being 

approximately 10 picofarads. This is lower than the normal values ob­

tained from the Weinberg tables, hence, the tables could be used. An 

antenna such as the shielded loop, with two reactive elements cannot 

yield a bandpass network using the Weinberg analysis since a resonating 

capacitor cannot be added in series with the antenna inductance. If the 

cutoff frequency of the lowpass design is high enough, it can be used, 

however. 

A shunt capacitor across the load resistor may be handled in the 

same manner described above subject to the same restriction, that the 

shunt capacitance be less than that calculated from Weinberg. If the 

load is a parallel combination of resistance, inductance and capacitance, 

the use of the Weinberg tables is even more restricted. For this situa­

tion, the antenna must act as a single element to allow a bandpass fil­

ter to be used. The restriction placed on the shunt capacitance above 

is again imposed and, further, the shunt inductance of the load must 

be high enough to allow the final shunt capacitance to be resonated when 

the filter is transformed to a bandpass network. These restrictions are 

severe enough to, in general, rule out the use of the Weinberg procedure 

when the load contains resistance, capacitance and inductance. 

The emphasis in this research has been on matching of small loop 

antennas. The methods are also applicable to other antennas whose para­

meters can be determined and used sis the first elements of a suitably 
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designed filter. 

The possibility also exists of using this technique for other more 

specialized purposes. For exampley the cutoff frequency may be chosen 

such that an interfering signal out of the receiver band would be 

attenuated. This could reduce the harmful effects of some spurious re­

sponses and intermodulation products of the receiver. More specialized 

response shaping could also be done such as adding notches in the pass-

band or adding stopbands. 
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CHAPTER VI 

CONCLUSIONS 

The object of this research was to develop a procedure for match­

ing a small loop antenna to a receiver input ever a broad band of frequen­

cies. The method of attack is presented in Chapter II , and a summary and 

comparison of the calculated and experimental results are given in 

Chapter IV. A theoretical extension of these results is discussed in 

Chapter V. 

The good correlation between experimental and calculated data in­

dicate that the methods described herein are applicable for matching a 

small loop antenna to a receiver input over a broad band of frequencies 

without the need for tuning at each frequency. 

The salient features of the developed technique are: 

(1) The results of the experimental evaluation agree well 

with the theoretical analysis. 

(2) The design procedures are comparatively simple because 

of the readily available Weinberg tables. 

(3) Realizable elements are used, i.e., the networks do 

not depend on ideal components for their operation. 

These features as well as the general results make this technique 

worthy of consideration for matching problems of the type discussed. 
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SAMPLE NETWORK CALCULATIONS 

The basic network is shown below. Assume it is required to design 

a three element Chebychev function with a 1 db ripple^ and equal source 

and load impedances. 

R L 

From the Weinberg tables the normalized values of the "Lowpass Proto­

type" are: 

R = RT = 1 ohm s L 

L = 2.0236 henry 

C = 0.99^1 farad 

L = 2.0236 henry 

a) = 1 radian o 

Transforming R to 50 ohms we multiply all R's and L's by 50 and divide 
L 

C's by 50j, (JO is unchanged. 

R = R = 50 ohm 
s L 

L = 101.2 henry 

C2 = O.OI98 farad 

L = 101.2 henry 

a) = 1 radian 
c 

Now removing the frequency normalization we divide all L's and C's by 

6 6 
101.2 z 10 to force L to 1 pji. Multiply cu by 101.2 x 10 . 

•j ^ 
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The final values are now: 

R = RT = 50 ohms s L 

Ln = 1 x 10 henry 

C = 196 x 10" "^ farad 

uo 

1 x 10 henry 

101.2 x 10 radian 

l6.1 Mc 

This yields the desired lowpass filter. 

To obtain a bandpass filter from the above lowpass design the 

transformation indicated graphically "below is made, 

Lowpass Bandpass 

r^ipyx > 

c = 1 

—nnnnrL ^ 

2 T 
OJ L 

^ > 

L = 
co2C 

r^ipftr^ 

The center frequency is now uo and the bandwidth is equal to that of 

the lowpass prototype. 

For the same type network with a 200 ohm impedance level the values 

become: 

R = RT = 200 ohms s L 

L = 1 x 10 henry 
1 

12 
C = 12.3 x 10 farad 

L,, = 1 x 10 henry 
:> 

ujt = 404.7 x 10 radian 

f = 6k.k Mc 
c: 



EFFECTIVE HEIGHT CALCULATIONS 

In finding the effective height of an antenna, a plane wave with 

components H and E is assumed. The flux. $. linking the loop is 
x y 

$ = BAj where A = Area of Loop, (8) 

but B = |iL, (9) 

therefore $ = $k. (10) 

For a sinusoidal time varying H field, with a component in the x direc­

tion only, 

if = H cosutft. (11) 
x v ' 

Then; § = pAH. cosuot. (12) 
.X. 

The induced voltage in the loop is 

l dt 3 

= -NMAHJ^COSO*), 

= aWjjAH sinajt. (13) 

The peak of the induced vo l t age i s 

e = aNpAH. (Ik) 
•^•sr 

_ n 
For a loop in a i r pi = ^ = ta x 10 , 

a l s o E = TH = 120TTH , (15) 
y r x x 

E 
t h e r e f o r e , Hx = ^ — , ( l 6 ) 

7 E 

and e i p = (2nf )N(1*TT)(10"
 rM^L-), 

TTNfA(lO"^)E 
y 

15 
(17) 



For a 1 turn loop (N = l) 

TTfA(lO"̂ )E 
e = Z 
ip 15 

but the definition of effective height is 

ip TTfA(lO ' ) , , , 
= g— = 15 (meters) h e 

y 

p 
For 12" diameter loop A = .0735 meters '" , 

h = . O ^ C l O ^ f 

= .0015^f (meters) (f in 
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CLOSED SYSTEM MEASUREMENT RESULTS 
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Table 3 . Element Values for a Normalized 
But terwor th F i I t e r * 

C lV \C2 , : W W C 5 L
5 ' 

(a) r = 0 
1 1.000 
2 0.707 1.4l4 
3 0.500 1.333 1.500 
4 O.383 1.082 1.577 1.531 
5 0.309 O.894 I .382 I .694 1.5^5 

(b) r = 1 

1 2.000 
2 i .4 i4 i ,4 i4 
3 1.000 2.000 1.000 
4 0.765 1.848 1.848 0.765 
5 0.618 1.618 2.000 1.618 0.618 

Table 4. Element Values for a Normalized Chebychev Filter 
with a 1 db Ripple (e = O.5088}** 

n c i V w c
3v 

(a) r = 0 

W 5 5 

1 0.50Q 
2 0.911 0.996 
3 1.012 1.333 1.509 
4 1.050 1.413 1.909 1.282 
5 1.067 1.444 1.994 

(b) r - 1 (see note) 

1.591 I .665 

1 1.018 
3 2.024 0.994 2.024 
5 2.135 1.091 3.001 1.091 2.135 

Note: n even is not physically realizable for this value of r, 

*This table is based on data found in Weinberg., Network Analysis} 

p. 604-605. 

•**This table is based on data found in Weinberg, Network Analysiss 

p. 612-613. 
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Table 5. Element Values for a Normalized Chebychev Filter 
with a 3 dt Ripple (e = .9976)* 

n C l V w 
(a) 

c
3y 

r = 0 w °5y 

1 
2 
3 
k 
5 

O.998 
1.551 
1.67h 
1.720 
1.7^1 

0 .911 
1.7^0 
1.229 
1.250 

(b) r = 1 

2.030 
2.527 
2,623 

(see no te ) 

1.058 
1.302 2 . 1^9 

1 
3 
5 

1-995 
3-3^9 
3.^81 

0.712 
O.762 

3.3^9 
•^.538 0.762 3.^81 

Note: n even is not physically realizable for this value of r. 

*This table is based on data found in Weinberg, Network Analysis, 
p. 6l6-6l7-



6l 

BIBLIOGRAPHY 

1. Brodzinsky, A. et al, "Investigation of Direction Finders for 200-
400 Mc/s", Naval Research Laboratory, Report No. R-3092, DDC No. AD 
469 782, June 19^7. 

2. Terman, F. E., Radio Engineer's Handbook, McGraw-Hill Book Company, 
Inc., 19*13* p. 8li*. 

3. Weinberg, Louis, Network Analysis and Synthesis, McGraw-Hill Book 
Company, Inc., New York, 1962, pp 600-646". 

k. Precision Measurement and Calibration, Electricity and Electronics, 
U. S. Depertment of Commerce, National Bureau of Standards, Hand­
book 77* Vol. 1, 1 .Feb. 6l. 

5. Fielder, D. C , "Broadband Matching Between Arbitrary Load and Source 
Impedances", Engineering Experiment Station, Georgia Institute of 
Technology, Project E-1^5, Technical Report No. 1, May 1, 1957. 

6. Fano, R. M., "Theoretical Limitations on the Broadband Matching of 
Arbitrary Impedances", Journal, of the Franklin Institute, Vol. ̂ 9, 
PP- 57-83* 139-154* Jan., Feb. 1956. 


