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We conclude that dc blocks in microwave frequency can be

realized byusing X/4 – 3-dBdkectional couplers with both coupled

port and transmitted port open-circuited. The exact theoretical

responses of input VSWR and transmission loss have been derived.

Fig. 1. Conventional directional coupler.
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Fig. 2. Input VS WR versus normalized frequency.
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Fig. 3. Trmmuissionloss versus normalized frequency.

or

Zinl = “+ ‘2)1”s’120
.92 + (2)%

(5)

where k = 1/(2)1/2 has been used, and .ZIml is the input impedance

at port 1.

Theinput VSWRatportl can be calculated using (5) as

~8wR=l Zin1+ZOl+lzi.1-zOl
l.Zinl+ ZO[-l Zi.l-.ZO/

= I/sinZ(@). (6)

The transmission loss from port 1 to port 3 can be calculated using

(5) as

(7)

Equations (6) and (7) are piotted and shown in Figs. 2 and 3,

respectively.

Note that Fig. 2isslightly different from [l, fig. 2]. The differ-

ences are due to the different coupling coefficient and the approxi-

mate equivalent cirmit usedin [1].

The other particular csse where both port 2 and port 4 we shorted

to ground can be analyzed in a similar manner provided that the

addh%ncematrix instead of impedance matrix be used. The input

VSWR and the transmission 10SS can be shown identical to (6)

and (7), respectively.
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The Synthesis of Quarter-Wave Transformers, Low-Pass

and Half-Wave Filters in the Sine Plane

A. I. GRAYZEL

Absfracf—This letter presents a method for synthesizing qusrter-

wave Chebyshev transformers, low-pass and half-wave filters.

The method uses sine-plane synthesis which greatly simplifies

the numerical calculations and allows one to obtain good numerical

accuracy using just a desk calculator. Equations for the transmission

coefficient are given in a simplified form.

With the dkcovery of the S-plane equivalent circuit of the trans-

mission line and the development of S-plane synthesis techniques

[1], [2], it is possible to synthesize quarter-wavelength Chebyshev

transformers and low-pass filters with a high degree of accuracy using

a desk calculator. Thk letter presente the equations for the quarter-

wave transformer in ite simplest fol m and demonstrates by examples

the synthesis procedure for both transformers and low-pass filters,

The equations for the quarter-wavelength transformer have been

derived by a number of authors [3]-[5]. The method presented

here follows [5] which is believed to be the simplest form. The de-

sired transmission coefficient is given by

T=
1

1 + k’Tn’ (z)

where Z’. is the nth order Chebyshev polynomial and

(1)

(2a)

p = Cos 00. (2b)

Then

(2C)

where

k = tanh 8. (2d)

O is a complex angle which on the j axis equals j@ and z then is equal

to cos i3/cos c%where 610 and T — Opare the cutoff angles of the trans-

former. The transformer circuit is shown in Fig. 1 and is normalized

Manuscript received December 17, 1974; revised April 15, 1975.
The author is at 7S Greylock Road, Newtonville, Mass. 02160.



LETTERs 775

Fig. 1.

to 1 ~. The transmission coefficient of thk circuit at zero freauencv

is 4R/(1 + R)z. Equating this to Z’(0) of (1) yields

~, = (R – 1)’

4RTn’ (l/p) “

The zeros of the denominator of (1) are given in [6] as:

()2’i-l
Im (x.) = sin y r sinh y, i = 1,2,. ..2n

()

2’i-l
Re (x.) = cos — T cosh ~,

2n
i = 1,2,. ..2n

where

(2e)

(3a)

(3b)

(3C)

It can be seen from (3) that Zn+l = – z, and using (1) the magni-

tude squared of the reflection coefficient can be written as

(al% 5 tw~) 2
h-o

IP12=I– T= (4)

fi (Z2 – z?)
i-l

where a is a constant and t~ are the coefficients of the Chebyshev

polynomial. Substituting for z’. (2e), one obtains the following after

some manipulation:

where

(5a)

(5b)

(6a)

(6b)

where (2a) has been used to eliminate z. It should be noted that

when n is even the Chebyshev polynomial is even and hence all the

h for k odd are zero. Similarly when n is odd all the h for k even are

zero. It therefore follows that for all terms in the numerator of (6b)

whose coefficients are nonzero (n — k) /2 is an integer. The numerw

tor of (6b) is therefore a perfect square. p (k) is formed by taking

the square root of the numerator and the left half-plane (LHP)

zeros of the denominator. Thus

o even

1n -1
— :%odd.

2
(7)

The k, are given by (5b). We must select those zeros in the LHP.

It can be shown that the zeros in the LHP can be generated from the

x; in the upper right half-plane by the relationship

()
1/2

x,=– l–~z , ‘i = 1,2,. ..,1

xn_*+i= X,*

Let us rewrite (7) as

1n-l-l
— n odd

2

1= In/2 n (:venJ (8)

(9)

We must now determine the coefficient A. We will nmmalize the

transformer to a load of 1 Q as shown in Fig. 1. The reflection co-

efficient at zero frequency is then (R — 1)/ (R + 1), which must

therefore be the value of p(0) given by (9). Equating we find that

* = b,(R – 1)

aO(R + 1) “
(10)

Finally the input impedance Z(k) of the transformer of pig. 1 is

given by

As dk.cussed in [2] .Z.Mis the ratio of the even to odd parts of the

denominator of the input impedance given by (11). H,wing deter-

mined 222 we synthesize the network in the S’ plane as described in

[2].

We will now solve the same example given in [4]. We will match a

resistance of 0.44 to a l-fl load with p = 0.464. We find from (2e)

thrit kz = 1.5777 X 10-4 and from (3) that cosh p = 2.80233,

sinh ~ = 2.61783, $1 = 2.426% + jl.30891, and X2 = j2,61783. &ub-

stitution into (8) yields Al = —0.86667 — j.29450_ and ~a =

-1.29529. Multiplying out the three f~@t~r~ (~ - ~.) (~ – ~=*)

(k – A,) we find that b, = 1, b, = 3.02863, bl = 3.08303, and bo =

1.08526. We must now evaluate the numerator polynomial of (7).

The coefficients of Z’S are L1 = – 3 and & = 4, whlc h yield for

p = 0.464, a, = 33.57559, and al = 6.455. Evaluating (10) we find

A = – 0.01257. The denominator polynomial of Z(k) (11) is then

X8 + 2.94736X2 + 3.08303A + 0.66321

and
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2.94736N + 0.66321
DA” +D.–,A”-I.. . +Do

222 =
~8 +3.08303?. “ then replacingkby l/hone obtains thedenominator polynomial for

Tosynthesize thenetwork wewillform z,,’’(n) =zw/C as described the low-pass filter DOX” +DA*-l... +DOneth enformsz9zas thehe

in [2] and synthesize the network in the form shown in Fig. 2. even over the odd part of the polynomial, and synthesizes the net-

~z

— +0.663212.94736 ~, + ~

222’” =

8

( )

#& + 3.08303

3.61057S’ + 0.66321.
4.083038’ i- 3.083038

1.13085s

3.61057S 2+0.66321 ‘
4.08303S3 + 3.08303S

4.0830383 +- 0.749948

2.33309S

1.54755s

/3- -f- 0.66321

3.61057S2 3.51788S

0.66321 -S’

The resultant network is that of Fig. 3 with CL = 3.51788, L, =

1.54755, and C2 = 1.13085. L* has not been determined but is not

necessary. We divide the elements as shown in Fig. 4 to be com-

patible with Fig. 2 and find that LI must equal 0.49747. The resulting

trtmsmiesion-line network isthenthe network of Fig. 5.

The transmission coefficient of a low-pass or half-wave filter made

upofcascaded unitelements isalso givenby (1) wherez = sinh@/jp

and p = sin d.. b is a complex angle whkh on the j axis equals jf3 and

x then equals sin O/sin 8.. (?Cis the cutoff angle of the low-pass filter

and 2f3c/~ is the percentage bandwidth of the half-wave filter. For

the same value of k and sin 8, = cos do (6. = rr2 - 130) the trans-

mission coefficients are identical except for a translation of 90°.

Cristal has shown [7] that the input impedance of one can be de-

rived from the other under this condition by replacing x by 1/k. 1f

one has found the denominator polynomial of (11)

Fig. 2.
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work in the S plane exactly as was done in the previous example.

Hence if one wants to synthesize a three-section Chebyshev low-pass

filter with k2 = 1.5777 X 10–4 and sin d. = 0.464 then one obtains

dkectly from the coefficients of the denominator polynomial of the

previous example that

3.08303N + 1

‘“ = 0.66321X3 + 2,94736x “
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Single Hybrid Tee Frequency Discriminator
J. NIGRIN, N. A. MANSOUR, ANDW. A. G. VOSS

Abstract-A novel single hybrid tee frequency discriminator is

investigated. It consists of ordinary microwave components and its

tuning is achieved by means of a movable short circuit. The discrim-

inator properties are comparable to those of an ordinary phase dis-
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