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DIPOLE ARRAY ON A TRANSM ISSION LINE

I. INTRODUCTION

Rad iation charac ter istics of an tenna arrays depend on spac ings

between the indi v idual an tennas and the amp l i tude and phase of the

voltages fed to each of them. However, it is not always easy or practi-

cal to satisfy the feed requirements . Several years ago a novel array

was suggested by Sletten1 and was anal yzed by Chen and K ing2 where

dipol es were coupled to an open-wire line. The dipoles were a half-wave

length apart an d loca ted on the vol tage max ima of the standi ng waves on

the transm iss ion l ine. Recen tly, a much simpl er scheme was su ggested by

Sletten 3 where the dipoles are located on a transmission line. It is

conceivable that a certain radiation characteristic of the dipole array,

e.g. gain in the end-fire or broadside direction could be optimized by

adjusting the inter-dipole distances and individual dipole lengths. The

la tter and recen t sug gestions from Sletten was explored to a l im ited

extent by the author as a participant in the IJSAF-ASEE Faculty Research

Program, Summer 1976. In this computer aided study end-fire gain

calcula tions were made for an array of two dipoles placed on a trans-

mission l ine. The results of this study prompted the present investigation .

The end-fire gain calculations were made for an array of three,

four and five uniformly spaced dipoles. The array gain was then maxi-

mized by optimizing the dipole lengths and spacings between the dipoles.

Calculations were also made for antenna patterns in the E- and H- planes

to obtain information on the location of the main beam and the beam width.
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2

II. DIPOLE ARRAY

The array consists of half-wave dipoles each fed at the center by

a transmission line. The first dipole is located at the generator end of

the transmission line which is terminated in one of the followi ng ways:

open (O.C.), matched, and shorted (S.C.) at a point ~/8 further f rom the

last dipole. The choice of the last termination was prompted by the

manner in which a log-periodic dipole antenna (LPD) array is coninonly

terminated. Like an LPD array an additional 1800 phase sh ift between

the adjacent dipoles is provided by switching the transmission line

between the dipoles.

III. NUMERICAL PROCEDURE

It was planned to use AMP* (Antenna Modeling Program) for gain

calculations. Check runs made for a half-wave dipole indicated that the

accuracy of the calculated results was not satisfactory. Therefore, it

was dec ided to use a mod ified vers ion of the compu ter program wri tten by

Drane4 for a log-periodic antenna. This program was changed such that

the dipol es lengths and spacings could be assigned independently. A

maximization program was then coupled to this program to optimize the

array gain with respect to the dipole spacings and lengths. It was

found that the computer time needed for maximization of the array gain

with respect to dipo le l eng ths and spac ings increase d cons iderabl y for

more than five dipoles. Drane ’s program was also used for obtaining

antenna patterns.

*prepared by M. B. Associates of California under the joint
sponsorship of the U. S. Army, Navy and Air Force.
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IV. ARRAY OF HALF-WAVE DIPOLES EQUALLY
SPACED ON A TRANSMISSION LINE

A. Three-dipole Array

Three half-wave dipoles were spaced equally on a transmission line;

the first being located at the generator end . Gain calculations were made

with selected values of the transmission line characteristic impedance,

and with the three types of terminations ZT~ 
mentioned earlier. The

distance, d, between the dipoles was var ied between the closest possib le

distance of 0.016 ~ to 1 ~~.

Figures 1 through 6 show gain variations as a function of the

normal ized interd ipole distance for some of the above cases. Generally,

two principal maxima and one secondary maximum are found in each of these

cases. The interdipole distance corresponding to the secondary maximum

is about 0.5 A for all cases. It is also interesting to note that the

gain at the first maximum is generally higher than that at the second, and

the difference between the interdipole distances corresponding to these

gain maxima is around O.5?A for most cases. The array gain is generally

found to change very rapidly with the interdipole distance around the

first principal maximum . The second principal maximum is much broader

than the first. It means that, if the Interdipole spacing corresponds to

that for the first principal maximum , the length of the array will be

small and the gain will be high; but exact location of the dipoles will

be very critical and at times impractical.

Tabl e 1 shows the ga in, G, and the corresponding normalized dipole

separation d/ A at the two principal maxima . 

- - - - - - -— ~~~~~~~.- ., . .- - . — _ _ _ _ _ _ _ _ _ _ _ _ _



/ 4

aa
I-

a
a

a
LU
C-)

0

U,

a a
w —

LU
a

L U— u’)
a I-

U,
LU 0

a

v~ 0 r-.. r a LU
-J
0

LU 
0.

o a
— LU U, 0U) LU

~~ LU 0 ~~o~~a~ —

~~~0 tjJ LiJ
Lfl — Q. J a
if) I- ~~ Ui LU

~~~~~ LL 0 —
~0 ~~•to ~

~~~W~~~~O Ii a

a4,)

r- a

w
1..

II-

I 4

008 00L 009 009 OOt 00t OO~~ 00t 0 0 0

NIV5 AV’d)JV

— -— --- __j,- .
~ ~~~~ .— - . . —



5

a
‘~~~~~

D

D

0
LU
(..) D

I-
if)
—a a
LU 0 . L U

D L)
a a
0. LU0u)
— LU~~~ I—
a

I— L) O D —
LU .-. U-- a a

(fl Er-. c’) D LU
— .

a
• 0.

/ ~O ‘—~ LU l/) I D ~~

• ~~ ~~~LU \ D ~~U, —
— O W L U

1
J LU— — .~~ — N.J

~~~~~ LA. .f )
CO Il) . • 0 -J
>- ~~~~~~~~~~ • b

~~ LU 0
I- I— L) ~~ • 0

~~~~~

• )
C’.J
a,
S..

D

LA.

I I I 

• 

I I

OZL Ot’ 9 0 9 S  08 t’ 00 1’ O~~E Ot~~ 0 9 L  080

NIV~l AV~DIV

I-
— - _ S  .‘ — fl. -~~~~~~~~~ - v- -. .

~~~
— - —



/
6

a
10
I-

a

0

0
LU
L) a

U,
— I- a
a — -•

LU C-) a W
C-)

a a —
0. UJ L) V)
— - I—a w-~~~ U)

I- ~~~~0 to —
LU — O  I,•0 0

t •if) U) C’) ~~ LU
— I -~0I 0.

- LU t —
0 W V )  ~ L ) ~~~_J L) I— 4.  LU

a
• ~~~ c~~LU

U, o~~~a~~ —
I- ’ 0 Ui Ui

a
U)I-~~~~ LLJ LU

• —~~~~~~~ a
~~~~~ U_ —

CD C/) ’—’ .0 + .  ...J
a <- .

• ~~~ UJ~~~~Q a
~~ a

L 

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- — .-- _______- I
00 9L OO~t’t 00 Zt 00 0L 008 009 00 t’ 00Z 000

NIV9 AV~J~JV

____________________________________ _________________ _____ -~~~~~~ 
-.~~~ —- - i

_a.-



/ 7

0

~ 4 0 W W
U) 0. 0

— (/) I- ~~ LU LU— — ‘0 N-I
CO ~~~~~ U

C/ )_  •~~~~~ ~~~~~~~~~ ] 0cC

~~ LU Q
~~ I- C.) ~~ — 0

a,
1-
C)

0

a

to
~0

I I I I
On 0Y9 O9S 08t OO~~ 0~~E Ot Z 09L 080 000

- NIV9 AV~ IV 

.—. — - . — - —~~.-- —••~~~~~~~~~~~~~~~ .~~~--- — .~~~ — ———.~~~~~ - -——-.- — - —~-—---—. 

~~da~~ ~~~~~~~~~~~~~ 
—

~~~~
- -



8

a

LU~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
d

~~~~

o Z C’4 C’) 0
0
0.

• •. .• .• .•
U, LU 0

a
— LU if) U) Ui
—J C_)I— ( .

t ~D ~~~~(0 0~~~~0E I
— 0  Ui LU 0
U, 0. ..J -~~~ LU
U) I- ~~ LU N-I
— ~~ — 0 —

~~ L~ ~~U) ’-’ •0  • ‘CC
a

~~ LU ~~ 0 0
U) I- I- C-) ~~

a, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a
- C’)

0) 
~~~~~~~~~~~~~~~ 0

U-

0
(‘I
d

0

d

0
0

--f —1- - - - —+--——----4-- I I -

O~~L Ot’9 099 08V 00 t’ O~~E 0t~~ 091 080 000
NIV~ AV~ IV

____________ - — -. • - . ~~~~~~~~~~~~~~~~~~~~ ~~~ -.. —__ . ‘-.~~ —S— - ~ ‘~~~~~~ ‘ ~~~~~~~ - — _ -  ~~~~~~~~~~~~ . ——



/ 
9

a

D‘-I

D

U)
‘-4
a ~

—

LU LU
D C-)

a
0. 0 ’-’ V)
— WL)~~~0 = U)

—LU I—a a a
I— ‘ ‘O D  D

• LU
— U, U, ~‘J C’) 0 ~~0

0.
LUo
— LU 1/) to LU

1/) <LU 0
0if) ‘-I 0. LU

— tñ I- X W  NJ

(0 0 -IL/) .0 
~~~>-

‘CC <~~~~< •  0
0

OnL O~~
g ogs O8~~ OO~~ O~~t Otv~~ 0 9L 080 000

NI VD AV~~V 
-

- — - • --——.---- - - - -,- --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.- --. - - - - - --•- 

~~~~~~~~~~~~~~ 
-



10

Table 1

Principal Maxima for the Three-Dipole Array

Pr inc ipal Max ima I Pr inc ipal Max ima II

Zr.. (cz) Z1 G d/A G d/A

50 0. C. 3.718 0.221 4.699 0.7435
75 0. C. 6.506 0.221 5.012 0.753
100 0. C. 8.298 0.24 4.958 0.7625
125 0. C. 8.626 0.259 4.692 0.772
150 0. C. 8.296 0.2685 4.362 0.7815
200 0. C. 6.882 0.2875 3.821 0.81

50 matched 4.461 0.1925 3.865 0.753
75 matched 6.509 0.2305 4.489 0.7625
100 matched 7.736 0.2495 4.59 0.772
125 matched 8.09 0.259 4.429 0.7815
150 matched 7.733 0.2685 4.187 0.791
200 matched 6.687 0.2875 3.77 0.81

50 S. C. 7.063 0.2115 4.316 0.753
75 S. C. 8.434 0.2305 4.807 0.7625

100 S. C. 9.232 0.2495 4.866 0.772
125 S. C. 8.735 0.259 4.678 0.7815
150 S. C. 7.863 0.2685 4.410 0.791
200 S. C. 6.469 0.2875 3.933 0.81 
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11
The following observations can be made from the above table of

data:

1. For each value of Z~ the dipole separation corresponding

to the two principal maxima appears to be more or less

independent of the type of termination .

2. For each type of termination the gain at the two maxima

var ies with Z~ and atta ins the h ighest va l ue for Z~
around 125 ohms.

3. Dipole separation corresponding to each of the two

princ ipal max ima increases monoton icall y with Z~.

4. In general , the gain at the first principa l maximum

is higher than that at the second.

B. Four-dipol e Array

F igures 7 throu gh 9 show the array ga in var iation with d ipole

separation for some cases. In contrast to the situation with three-dipol e

array, a null repl aces the small secondary maximum around d/A = 0.5A .

Other observations about the three-dipole array are generally true for

the four-dipole array. Table 2 gives the principa l gain maxima and the

corresponding interd i pole distance for the four-d ipole array.
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Table 2

Principal Gain Maxima for the Four-Dipole Array

Pr inci pal Max ima I Pr inc ipal Max ima II
ZC(~

2) ZT G d/A G d/A

50 0. C. 6.696 0.2328 6.393 0.753
75 0. C . 8.0 0.24 6.651 0.7625
100 0. C. 10.36 0.24 6.022 0.753
125 0. C. 11.25 0.259 5.586 0.772
150 0. C. 11.71 0.2685 4.946 0.772
200 0. C. 8.707 0.2875 3.982 0.7815

50 matched 4.924 0.2375 5.726 0.753
75 matched 7.523 0.2305 6.145 0.7625
100 matched 9.715 0.2495 5.896 0.7625
125 matched 11.83 0.259 5.37 0.772
150 matched 11.49 0.2685 4.813 0.772
200 matched 8.678 0.2875 3.922 0.7815

50 S. C. 6.929 0.24 6.347 0.7625
75 S. C. 9.944 0.2275 6.451 0.7625
100 S. C. 10.75 0.24 6.058 0.772
125 S. C. 12.08 0.259 5.483 0.772
150 S. C. 11.82 0.2685 4.872 0.7815
200 S. C. 8.393 0.2875 3.926 

— 
0.7815 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -. - -  —— .- .0~~~~~~ -- ______
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The data presented in this table corroborates with the observa-

tions made on the data for the three-dipole array.

C. Five-dipol e Array

A few typical variations of-array gain with interdipole distance

are shown in Fig. 10 through 12. These are similar to the ones for the

three-dipole array except that the first principal maximum is much

sharper in this case. The foll owing table shows the array gain and the

dipole separation for the two principa l maxima .

Tabl e 3

Principal Gain Maxima for the Five-Dipole Array

Pr inc ipal Max ima I Pr inc ipal Max ima II
Zc(Q) G d/A G d/A

50 0. C. 6.726 
- 

0.2305 7.935 0.753
75 0. C. 10.49 0.24 7.795 0.7625

100 0. C. 12.66 0.2495 6.962 0.7625
125 0. C. 12.97 0.259 6.015 0.772
150 0. C. 12.92 0.2685 5.176 0.1815
200 0. C. 9.02 0.2875 4.117 0.791

50 matched 7.051 0.24 7.416 0.753
75 matched 9.835 0.2495 7.517 0.7625
100 matched 11.36 0.2495 6.753 0.7625
125 matched 12.33 0.259 5.92 0.772
150 matched 12.96 0.2685 5.15 0.7815
200 matched 9.182 0.2875 4.141 0.791

50 S. C. 10.2 
— 

0.2305 7.722 0.753
75 S. C. 11.86 0.2495 7.751 0.7625

100 S~ C. 12.99 0.24 6.892 0.772
125 S. C. 11.98 0.259 6.02 0.772
150 S. C. 12.87 0.2685 5.217 0.7815
200 S. C. 8.849 0.2875 4.152 0.791

- -~~~ -4~~~-~-~~~~~~~~~ —- ‘—,- ~ —— — . —. ‘ - . - - --- - - .-, __- - - -- — 
~~~~~~~~~~~~~~~~~~~~ -~~~~ -- . -~~- -_-- —
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The conclusions drawn from Table 1 are also generally true for

this case.

V. ARRAY GAIN MAXIMIZATION WITH RESPECT
TO UNIFORM INTERDIPOLE SPACING

Gain vs. normal ized interd ipole spacing curves shown in the

previous section have generally two principa l gain maxima in each case.

These curves are based on gain calculations made for the normalized

interdipole spacing in increments of 0.0095A. it is, therefore, possible

to miss the actual maximum. A maximization program was coupled to the

antenna gain calculation program to achieve this purpose. The follow-

ing Table shows the maximum gain and the corresponding interdipole

distance near the first principal maximum for the three-dipole array.

These data agree wel l with that presented in the previous section.

Similar data were also obtained for the four- and five- dipol e array,

but are not presented here.

I 
—~~~~~~~~~~--,-~~~~~—‘-- .---—--.... —fl- . .—• . -~~~
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Table 4

Array Gain Maximization with Respect to
Uniform Interdipole Spacing

Optimum Uniform Array Gain
Dipole Spacing
(Norm.)

Zc (~
) Z1 d/A G

50 0. C. 0.22 3.718
75 0. C. 0.2206 6.508

100 0. C. 0.2413 8.312
125 0. C. 0.2563 

- 

8.791
150 0. C. 0.2681 8.301
200 0. C. 0.2881 6.88

50 matched 0.1975 4.468
75 matched 0.23 6.509
100 matched 0.2469 7.78
125 matched 0.2588 8.089
150 matched 0.2688 7.736
200 matched 0.2875 6.687

50 S. C. 0.215 7.158
75 S. C. 0.235 8.713

100 S. C. 0.2494 9.231
125 S. C. 0.2613 8.814
150 S. C. 0.2713 7.96
200 S. C. 0.29 6.503

_______________
______ *
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VI. ARRAY GAIN MAXIMIZATION AS A FUNCTION OF
DIPOLE LENGTHS AND INTERDIPOLE DISTANCE

In this study both dipole lengths and interdipole distances were

independently varied to obtain maximum array gain for different cases of

transmission line characteristic impedances and terminations. The data

obtained for the three-, four- and five-dipole arrays are given in the

following tables. Symbols used in the foll owing tables are

= normalized half-length of the first dipole
located at the generator end

H2/x = normalized half-length of the dipole next
to the first dipole

etc.

d1/x = normalized distance between the first and
the second pole

d2/x = normalized distance between the second and
third dipole

etc.

Gmax = maximum array gain

I-
- 

~~~~~~~~~~~~~~~~~~~~ 
-
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The star marked pieces of data should be disregarded since it

appears that the maximization process reached a smaller relative maximum

(closer to the starting point in the maximization process) than the one

sought for. This situation is true with almost any other maximization

subroutine. Apart from this, the data points out to the following two

important facts:

1. For a given dipole array, the maximum gain appears

to be almost independent of the transmission l ine

characteristic impedance and the type of termination

used in this study.

2
2. The array gain is approximately given by N where

N is the number of dipoles in the array.

VII. ARRAY PATTERNS

Due to the lack of time E- and H-plane patterns were calcula ted

only for the three-dipol e array. The following variations of this array

were studied.

a. half-wave dipoles un iformly spaced at O.25x

b. half-wave dipoles uniformly spaced at optimum
uniform spacing

c. dipoles of optimum length spaced at optimum
separation to yield maximum gain.

Analysis of data shows that, except for one isolated case, the mean beam

was always pointing in the end-fire direction. Both E- and H- patterns

showed several maxima and minima . The data on the beam width (BW)

front-to-back ratio (FRB) and array gain for the different configurations

are sumarized in the following table.

.
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Table 8

E - and H - Plane Patterns for the Three-Dipole Array

Type of 
- 

Z~ ‘ ZT BWE BWH FRB G
Array 

_____ ________ __________ _________ __________ ___________

a 50 ~ 0. C. 70.310 120.310 1.3 3.609
b 50 ~ 0. C. 59.96~ 91 .22° 1.06 3.718
c 50 c~ 0. C. 52.35° 66.78~ 2.76 10.42

a 75 c~ 0. C. 65.12° 106.36° 1.68 4.687

b 75 c~ 0. C. 50.64° 65.34° 1.89 6.508
c 75 c~ 0. C. 52 .51° 67.1° 2.78 10.35
a l00c~ 0. C. 57.20 81.4° 2.69 7.417

b iO0f~ 0. C. 53.33° 71.34° 2.88 8.312
c 100~2 0. C. 52.3~ 66.32° 3.45 10.37
a 125Q 0. C. 54.36° 74.07° 3.04 8.13
b l25Q 0. C. 55.6~ 76.85~ 3.52 8.791
c l25c~ 0. C. 51.74° 

— 
65.13° 3.35 10.26

a 1 50c~ 0. C. 58.62° 91.35° 2.06 5.181
b l50c2 0. C. 57.61° 82.25° 3.47 8.301
c 150~7 0. C. 52.04° 66.27° 3.13 10.23
a 200~2 0. C. 70.l9~ 182.61° 1.51 3.11
b 200~ 0. C. 60.52° 91.4° 2.73 6.88
c 200~2 0. C. 51.95° 67.O8~ 3.13 10.11
a 50 ~ matched 62.44° 99.55° 4.13 3.215
b 50 ~2 matched 54.28° 74.56° 39.06 4.468
c 50 c2 matched 53.53~ 70.19° 2.36 8.967
a 75 Q matched 58.83° 86.44~ 6.39 5.447
b 75 ~2 matched 54 .49° 74 .31~ 8.77 6.509
c 75 ~2 matched 53.9° 71 .43° 2.27 9.038
a l00~ matched 56.41° 79.03° 5.66 7.716
b 100~ matched 55.8~ 77.46° 5.35 7.78
c 100~Z matched 53.55° 71.18° 2.18 9.064
a l25~2 matched 56.41° 79.66° 3.46 7.348
b 125~ matched 57.41~ 81.71° 4.33 8.09
c 125~ matched 53.63~ 71.98° 2.11 9.062

a ‘I50~l matched 58.89~ 90.57° 2.44 5.38
b l50~ matched 58.94~ 86.1° 3.78 7.736
c 150~ matched 52.85~ 70.99° 1.98 9.06

_f l-  
- —



Table 8 Continued

Type of ZT BWE BWH FRB G
Array 

_____ _________

a 2OOc~ matched 67.63° 190.03° 1.69 3.183
b 200~ matched 61.29° 93.65° 3.02 6.687
c 200c~ matched 51.93° 70.46° 1.93 9.067
a 50 c2 S. C. 69.16° 148.690 .91 3.018
b 50 ~ S. C. 47. 66° 59 340 1.28 7.158
c 50 c~ S. C. 52.45° 69.92° 2.63 10.07
a 75 ~ S. C. 55.68° 79.77° 1.24 5.895
b 75 c~ S. C. 50.00~ 63.99° 1.52 8.713
c 75 ~ S. C. 52.54° 70.19° 2.54 9.997
a lOOc2 S. C. 53.04° 70.73° 1.88 9.227
b 100c~ S. C. 52.94° 70.5° 1 .89 9.231
c lOOc2 S. C. 53.24° 71.17° 1.93 9.267
a 125c~ S. C. 55.77° 78.4° 2.28 7.239
b 125c2 S. C. 56.04° 78.16° 2.36 8.814
c l25c2 S. C. 51 .45° 68.02° 1.87 9.522
a l50~2 S. C. 59.96° 95.63° 2.13 5.148
b l 50c~ S. C. 58.6° 85.3 2.74 7.96
c 150~ S. C. 51.22° 68.37° 3.11 - 10.12
a 200cz S. C. 67.59° 173.16° 1.71 3.358
b 200~? S. C. 62.07° 96.56° 2.66 6.503
c 200c~ S. C. 50.42° 67.32° 1.77 9.448

Three important observations may be made from the above data.

1. For each combination of and the E- and H-
plane beam widths corresponding to the optimum array
c (where both dipole l engths and spacings are optimized
to obtain maximum gain) are generally the smallest
among these values related to the three types (a, b, c)
of arrays.

2. For each type of termination ZT~ the E- and H- planebeam widths corresponding to the optimum array c are
practically independent of Z~.

I-
I
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~
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3. Beam widths corresponding to the optimum array are

not significantly different for the three types of
terminations either.

VIII. CONCLUSIONS

Thi s inves tigat ion perta ins to an array of three or more dipoles

located on a transmission line. Numerical computations for the array gain

and patterns have been made for six different transmission line character-

Istic impedances and three types of terminations. The results of this

Investigation are sumarized below.

When the dipole lengths are held constant (half-wavel ength long

in this work) the array gain is found to vary with the uniform interdipole

distance. Normally two principa l maxima exist for all cases investigated .

However, for an array of odd number of dipoles a secondary max imum i s

present for d/x=0.5, and a nul l is found at the same (d/x = 0.5) value

for an array with even number of dipoles . General ly the gain at the first

principal maximum (corresponding to the shorter interdipole distance) is

higher than that for the second princi pal max imum . In the neighborhood of

the first principal maximum the gain changes rapidly with spacing, the rr-3re

so with larger number of dipol es. It is interesting to note that the

uniform dipole separation corresponding to each of the two principal gain

maxima is more or less independent of the three types of the terminations

used. For each type of termination the array gain is a function of the

transmissior line characteristic impedance and attains a maximum value

(around 125 ohms in this investigation).

When the array gain is maximized by changing the dipole lengths

and separations independently, the maximum gain appears to be independent 
-

of the transmission line characteristic impedance and the termination used,
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and it is approximately equal to N2, where N is the number of dipoles in

the array.

The main beam is found to be in the end-fire direction . The E-

and H-pl ane beam widths for the optimum array (where the dipol e lengths

and spacings are independently varied to attain maximum array gain) are

found to be practically independent of the characteristic impedance of

the transmission line and its termination.
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