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Abstract

Formulas are derived for the solution of the transient currents
of dissipative low-pass T-type electric wave filters. Oscillograms
taken by cathode ray oscillograph for d-c. and a-c. cases are found
to agree with results calculated from these formulas. From these
calculations, the following conclusions are derived. When terminat-
ing resistance is gradually increased from O, the damping constants
of the sine terms begin to differ from each other, ranging in de-
creasing magnitude from term of the lowest frequency to the last
term of cut-off frequency. Hence the transient is ultimately of the
cut-off frequency. At cut-off frequency, this constant is near to but
greater than R/2L. For each increase of section, there is introduced
an additional sine term with smaller damping constant. Therefore
transients die out faster in filters of smaller number of sections.
Since transient amplitudes are of the same order of magnitude be-
fore and after cut-off, filtering property only exists in the steady
states.

Transients of non-dissipative electric wave filters were first
treated by John R. Carson in 1923 in Bell System Technical
Journal. In this treatment he considered the filters to be ter-
minated by a transducer having at one end the same image
impedance as that of wave filters and at the other end con-
stant resistance image impedance within most part of trans-
mission range. Then the formulas for currents at any section
were deduced on the basis of infinite number of sections. But
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TRANSIENTS OF LOW-PASS WAVE FILTER 71

in wave filters, it is very important to know the behavior of
receiving end current in the constant resistance termination.
This has not been solved, for a transducer is a complicated net-
work, the solution of whose indicial admittance is very difficult.
Furthermore, beyond cut-off, the image impedance of a trans-
ducer is far from being a constant resistance, and the basis of
infinite number of sections is not quite justified. In 1935, E.
Weber and M. J. Di Toro (Electrical Engineering, June, 1935)
calculated the transient current of low-pass filters of finite
number of seetions with a terminating resistance of non-
dissipative case. Therefore it is worthwhile to solve the
transients for dissipative case.

Derivation of formulas and calculation of tramsient currents

In figure O, let 2L =total inductance per section, C=capacity
per section, 2R=total resistance of the series inductance

=2Kp J%, r=registance of C=K, %, R, =terminating resis-

tance =Kp, J—é where Kg, K, and Kz, are any constants.
]
_ iR LiLR R & L R
} r { }r
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gv ------------------ N declions————————— L

The sectional angle o and image impedance Z, are given
respectively by e=2 sinh—1 J —2%;, and Z,=+/Z.2+ 27,7, In the

transient state, Z,=R+LP, Z,=r+ 1/CP, where P=generalized

angular velocity. Then
Z1’—R = LP,

, 1
Zg—'r:W’
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L . T
—C=(Z —Kz /L/C)(ZZ K, v/L/C)

=71Zy—(K.Z1+KrZo) vL/C+KgK,L/C.
From this equation,

J%:‘[MKr2Z12+KRzZ22+2KRKrZ1Z2+4Z122(1"‘KRK1-)
.—(KpZ, +KZ2) 1/72(1—KrK,).

Zo 4/Z12+2 leg

Kg, [JK,—ZZ12+K ~Z,2 4 (4— 2KRK¢)len 'TZI+KRZ24]

Now tanhe'=

~2(1—KrK,) Z2+27:.Z; v Zi+22,2,8
where o’ is the angle included by E,. Since
Z] +2Z1£2 Zl
sinh = 3 comm = A0 van o= e
sinh 9=LZ1—_{—2L:‘Z'-2,coshe=A_‘ﬁ. Therefore
Zz Zz
tanh o' =R./Z,

- _ K o __Kp

=[Kpr.,/2(1-KrK)1[—K,tanh 2 " Siho

-+ ~/K'I‘ tan 1.2 2 += Slnhz + cosh® g ].

In practical cases, K, and K are very small, and their squares
are negligible. Then

KRO
tanh o' =S A—KnK)
Now the sending-end and receiving end currents are respec-

tively given by I,= Z——tanh (No+o)) and I,= 7 gfhgs(—lz—:,—g@’
where E si the sending-end voltage and N is the number of
sections. To separate these admittance functions into partial
fractions, the denominators must be factored. Let

Z, tanh (No+e') =0,
then tanh Ne=—tanh ¢’

_Kgr

[- K,tanh ) “’sinh o

+4/2—KgK,./cosh 2~]
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[
KRO [2Kr smh2 —-+ Kr—2 sinh —- /2 Kp ,]

[2(1 | —KrK,) smhe]
=sinh Ne/cosh Noe.
Clearing of fractions and rearranging,

KROK‘I' r
1 +m] cosh (N—1)e

KROK‘I' KRO (KR 'r) T
—{1- Si—Kn K)]cosh(N+1)e+ K K, cosh Neo
= KW—R°1{§{R§?K’ [sinh(N+4}) e—sinh (N—4) 0] ,weeeeee (1).

Substituting a+7b for e in (1), and separating the real and
imaginery parts,
'POKT

[1+ gog gy cosh (V+1)acos (N—1)d
__- KRO , .
[1 2(1— KpK,)]COSh N+1)acos(N+1)b

+Ki"°(1}é’ KK’) cosh Na cos Nb
Kt/ Brrfsinh (V-+4) @ cos (W + B a
—sinh (1\]'_.15) o COS (ZV'—.%) b]’.... s (2),
and[1 + *2'*(1':13[2&') Isinh (N—1eaesin N—1)b
KROK r N
—[1— Sl —KnK )] sinh (N+1)a sin (N—1) b

+K§°<KII: x. Ko) sinh Nasin N b

== Rci_/zﬂ’ .‘KRTRIQ [COSh Nr+—f)a’ Sln (Z\IT_‘—%)b

—cosh (N—1) ¢ sin (N—%) b],- e e (B),

From these three formulas, N+1 values of ¢ can be found
out by cut-and-try method, of which one is a negative number
[from (1)], and the rest are complex numbers with real parts
negative [from (2) and (3)]. Having found e the admittance

functions of I, and I, can be expanded into partial fractions
as follows:
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"_ . .—1/ Z, _ . _I/E
e=2sinh /—2Z2 =2 Sn_lh «2(r+1/CP)
-1 KRML—CE-!—CLPZ

4 K/ LCP+1)

=92sinh
Solving for P,

—1 _Kp
P= /LC [ —K,sinh? ]

Then the factors of Z, tanh (Ne 4 6”) are'ofrthe type
(P3+Xp—jYR) (P+Xp+iYR)=P24+2X P+ (X2 + Y42

Tanhe' =R,/Z,
KRO

:/(/”ﬁp)2+(2KR+2Kr) /CLP +(K g +2K K, +2)+ 2K/ v CLP.

From this,
N — —Knt/CLL/CLP + Kt Ko (o] /[(,/CLEY

dp
+ 2K+ Ky CLP+ (Kt +2KnK ot 204 —22515/%

Now —*— vCL K. (,/CLP}+2 ,/CLP+Kg}/[(,/LCPP +
(2K, + Kr) ' CLP+2+/ Kry/CLP+CLP* (K, ' CLP+1)]

hence ‘ﬁ%‘yﬁ — [N sec h®Ne/CL (K,CLP*+2,/CLP + Kp)1/

[v(v/LCPY?+(2K,+Kr)4/CLP+2 /K +/CLP+CLP¥K, ,/CLP

+1)].
1 A ”’E“ B.P+By
Ztanh(Ne+e) P+X, T =1 PPH2XiP+ (X + VY
__l+tanh N etanhe'
Z(tanh Ne-tanh o'y’
) h 1+tanh N etanhe’
where 4= 7 (@anh No +dtan1fzvs"] (P=—X,)
A\ 4 ~ dp _—)
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and BoP + B,kz[(l-l—tanhNetanho’)(2P+2Xk)

Z. [qg@‘yvh 4 dtanh e"T]P=Pk.

dP dP
coh ¢ __cosh o' sech (No+6)
Similarly, 7 smhWote) ~  Ztanh (Ne+o)
: k=N

P+.X To= 1P2+2XEP+X1¢ -{-Y;x=

‘here A= [ (1+ tanh Ne tanh ¢') cosh o' ]
v B 7 dtanh Ne +dtanh o' (P
° dP aP

{ [(1+tanhNetanhe')2P4-2X;) coshe’] %
and BxP+By' = d tanh Ne , dtanh ¢’
i 2" gp +gp skl fp_p,

The voltage across the first coil,

B . L _ LP+ KpyL/C
Bi=LLP+Er [G)= 5 s (et o)
A E=N

Bk-P+B'Ic
=1 +P+X +k§1 P1+2XkP+Xk + Y2

where A=[‘1+tanh N etanhe)) (LP+Kgy/L/Cy

—o)

Z (dta:glgN +€lt’%{g1ﬁ,)> 7 ](P=—Xo)’

[(L+ tanhNotanho)2P + 2Xa(LP+Kx J o1

and BnP‘i" Bk'
dtanh A'e-l-d tanh h o

(2. (= 5~ )1 (P=Py)
Having expanded the admlttance functlons into partial frac-
tions, the indicial admittances and ¢—e¢ transients can be solved
by the following formulas which are derived from Heaviside’s
expansoin theorem and superposition formulas. For the

. . A BP4+B'
admittance functions of the fosms PrXx. and- Py DP I the
indicial admittances are respectively given by

A (t)=—§o—(1—s_°xt)

and A(H)= rrgj(l——e—ﬁDt cos Wt) +2£FL'B=D g —.5D¢ sin Wt,

2FW
where W=,F—25D"
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Under an impressed sending-end voltage of the form
sin (wt+a), the a—c transients are given by the following

formulas. For an indicial admittance of the type
At)=B+Ds 7,

I(t) =B sin (wt+a)—De —Et-sin 0.cos (a+ o)

4 Dcogsesin(w? + a+ o), - o
where tan o = F/o. For an indieial admittance of the type .

A =Ge~Hsin (Wt+o),
I(t) is equal to j part of the following expressions:

~Ht

Ge sin (Wt4-o){cos a+J sin o)

ijcosee]a_Ht
(H-+jof+W*
jo—Ht

[ (H +jo)sinWt + WeosWt]

+j oG sir‘lea

(H+jop-+W?
jo Gs Jwt+a)
(H+jw)p+W?
By means of these formulas, the indicial admittances and a—ec.
transients were calculated under various conditions as shown
in the following tables.

[ — (H+jo) cos Wt +W sin Wil

+ [Weos o+ (H—jw) sin ol.

Table 1.

R=r=0,R = +2 ,./%", N=5. From formulas (1), (2)

and (3), 0,=—44162, 6;=—.3812 + j26.2°, g,=—.2665 + j 57.1°,
03 =—.1718 + j 9137°, o,=—.0968 + § 126.62°, and o5 =—.0313
+7162.182°. When the impressed voltage is unit d—e. volt, or
sin [ (K/4/CL)+al, the calculated current is of the form

A JE
— 315 ¢

© . Kt . L
or A J% sin(ﬁi"‘ o) +A, J[‘% e 4/ CL
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83
2343
C /CL .3264
+ Ay J/T e +/OL' sin (//ML1+91)
. 186
C 'CL .683
+A, JT € vCL sin (/(—:Tt,+eg)
B
+Aq J% g +CL s1n(VCLt+93)
0808t .
C .7 JCL .. 1263
+A4J‘IT € sin (/CL + o1)
_ 00343t
T JCL . At
+A, J% e +CL SIH(Vﬁ+e5)
K and o D—c D—c. 1.75,0°
1 I'- I If
A 7114 706 —.001325
) —36.074°
Ao —1.008 —.2196 +.176
As —1.2844 +.3845 +.3154
8, —2.644° —51.161° —51.184°
Ag +.4896 +.266 —.2314
62 +46.614° —24.3° —24.55°
As —.1872 +.1924 +.1957
o8 +67.6° —12.517° —12.8°
Ad +.7904 +.157 —.1342
04 +75.348° —17.7330° —10.225°
Ag —~.02246 +.14224 +.04974
O +78.303° —5.916° —11.1°
Table II.
r=0, R=.1L/C, R,=V2VL/C, N=05. 0,=—.8283,

91:—.242+j 240,
the form
4 /S,

or A h/LSln(/CL+())+Ah/

02=—.233+7 58.3°,
04=—-095+7 126.85, o5;=—.03085-+7 162.24°.

03=—.1655647 92°,
The current is of

C "—6547t./,/CL
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. ¢ — 22t/4/CL 2934t
22t e
+A, [ e nC o T
: _C"“ —.195¢/,/CL . ,-6905¢
—_— . — +
44, JL £ sin ( JCL o)
¢ —.1318t/4,/CL ., ,1.02¢ N
+As J £ sin (- 77~ 83 )
T~ 0801t/ y/CL ;) L. 267¢ .
+ Ay /T E (—T o)
C — 1.8 39 t
Kanda D—c. D—c. 1.397,0°  1.397,90° 1.7462,0° 1.7462,90°
7 Ir Ic /f I’r Ir Ir
A 41708 .41237 287 2368 —.001266 —.001266
e —58.63° +31.38° +6.089° 4-83.911°
Ao —.0878  —.002786 -+.0338 —.01576 4-.02886 —.010824
Ay —1 +.62 +.268 —.0713  +.2144  —.04624
01  4-30.675° —24.76° —185° T30 —19.76° —68.29°
Ay  +.3926  .2634 —.248 —.1834  —.1886  ~—.07896
0 +47.03° —17.33° —17.61° }86.63° —21.1° +84.03°
Ag —.17652 .1882  —.26386 —.195 4-.158 +.0924
o3 +63.94° —11.53° 12433° —8516° -—11.078° 486.054°
A,  +.07764 15544 —.33622 +.3054 —.1185  —.0868%
04 +72.89° —7.617° 116.263° -470.083° —5.325° 88.328°
As —.02214 .1412  +.29 —.2002  +.04894  1-.03926
o5  +76.73° —5.48°  4+77.83° —10° ~3.282° 4.88.89°
Table III.
R =.046526\/L/C, r=.007172VL/C, R.=2L/C,
N=5, 0, =—.66009, ¢:;=—.306+;24°  g.=-—.25+757.64°,

63 =—.1687+7 91.61°,5,=~.096+7126.7°, 95=—.031+7162.2°,

current is of the form

a7

OYAJLsm(/CL + o)

The
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, C - ;
LA, /1_8 .499¢/,/CL
4 ]C  —2366t/,/CL ;. 296t
+ A4 [T e s1n(V0L+el)
€ —.1805¢/,/CL (-8875¢
Ag J L £ /E + Gn)
. C  —.1102t/,/CL 1.012¢
- . e+ o
+As './L € Sln( 4/CL ‘3)
. /€ —.05925¢/,/CL 1.263¢
+A4 J 7 € sin ( 4/CL + o4)
4. /€ —.0384t/,/CL . 1.397
+ A5 J'I;E n ( 4/CL + 65).
K and o D—c. 1.397,68.3° 1.747,0° 1.747,90° D-—c. 1.747,90°
I Iy Ir Ir Ir Is Is
A 5262 .416 —.001842 —.001842 4 .5357 +-.973
) —25° —10.9° +78.9° +3.112°
Ao —-2975 -+.0366 +.07324 —.01925 —.02193 —.001423
Ag —1.277 +.19425  +.2688 —.06 +.565 —.02747
01 +20.14°¢ —10.122° —25° —78.59° —37.6° +43.33°
A, +.429 —.1862 —.2143 —.08338 +.2633 —.1126
pp +48.49° +1596° —20.27° +8311° —20.415° -+6.33°
Ag —.1836 +.2202 +.16035 4.09466 4.192 —.0989
s  -+66.43° 4+385°  _—11° +84.9°  —11.93° 46.58°
Ay +.08 —.3352 —.1632 —.08717 +.1582 —.1743
04 +78.52° 46125 —2141° 489.71° —3.712° 417.55¢
Ag —.0219 —.4525 +.0486 +.03895  +.1405 —.2488
05 +73.88° —55.9° —9.86° +81.54° -—10.81° —3.25°
Table 1V.
R =.046526~/L/C, R,=0, N =5. [Formulas of tran-

sient currents in this case, were given in an article on the
same subjeit by W. Chu in Transactions of World Engineer-

ing Congress in Tokyo, 1929].
1747
4/CL

1 ¢) =—.002316 JLs1n(

1),

Under an impressed voltage

1.747t
v CL

--+22.86°)

— 001525 Jg . —.0465t/,/CIL,
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4 Jr —.02825t/4/CLy g3052 sm( 4/ CL +6‘517°)

—.0706 sin ( 3% +4.177%)+.1317 8in (— 5=+ 1/161—?—}-4 091%°)

lfgit +4.8667-+.18435 sin ( 1;61,2”
Table V.
The filter under test has the followmg constants'
R — 52.5 ghms = .046526v/L/C, + = 8.11-ohms = .007172\/L/C,
= 1595.8 phms = \/2/L/C, C = .50264 'x 10‘“ farad,
L .64 henry and N=5. The current under various conditions
has the form A4, or

—.2168 sin (

+B. 462°)]

—879¢ 417.25¢

A sin (wt+e),+A. € + A sin (622.5¢+6,)

—318¢ —194.8¢

+ A, ¢ sin (1213({4-0,)+ Az & sin (1787.6f+0;)

—104.5¢ —b8.9¢t

+ A e sin (2228.61+es) +As¢

Table VI.
Variation of sectional resistance R and terminating
resistance R,. For one section with terminating resistance
(r=0), the indicial admittance at receiving end is of the form

ay=a [Gia, [SomWHVOE
+4, J%a ~dit//CLgn (————W‘t +o1)

v'CL
KR0= 4/2—,K1=0

sin (2463 t+o5)

Kr A Ao do Ay dy W1 01

1 6194 —.4712 —1.0407 —.464 28674 18.574°
.04653  .6637 —.5178 .9745 —.4712 .,26638 1.2136 17.921°
0 7071 —.57 91508 —.474 24956  1.218 16.963°
Kr=.1,K,=0

Kr, A Ag do Ay dy W1 01

7071 1.1028 —1.0875 .48323 —.392 21194 1.3522 +2.443°

35 1.817 —1.817 .27909 —.3634 .1354 1.395 +.343°
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For 2 sections with Kp=.1, Kz =2 and K, =0, the in-
dicial admittance has the form

AW)=A [T+ 4, .~ T616//OL

+ Ay J% £ _‘39037t/ vClLgn ({%—?’%—+ 6y)
v 4, gf ; —08579t//CL g, ( 1%0%51 +oo.

Experiments for checking some of the formulas derived

__The transients were taken by a cathode-ray oscillograph
with a moving film camera. As it was not advisable to leave

the spot of the cathode ray oscillograph stationary at high in-
tensity, so during operation, there was applied to plates an A.
C. voltage of 300 or 400 cycles whose photograph might serve
as the time scale of the transients. The connection diagram
was shown in figure I, where P, P represented the horizontal
plates of the oscillograph, and the starting and stopping switches
were those for controlling the motion of the motor of the
camera. These two switches together with switches A, B and
C were all firmly fastened to a rigid and vertical frame and
were controlled by means of a drop weight.

The procedures for taking the picture of d-c¢. transient of
the filter were as follows: Switches A & B were thrown fo
the side ¢ o/, starting switch and switch ¢ were opened, and
stopping switch was closed; the oscillograph was started and
A. C. voltage was put on. The dropped weight were let fall
from a definite height along a rigid and smooth rod; it closed
the starting switch, threw switch A to the side b b’ (changing
the connection of the deflecting plates from A. C. voltage to the
filter circuit), closed switch C (starting the D. C. voltage),
threw the switch B to the side & b’ (replacing the D. C. voltage
on the deflecting plates by the A. C. one) and finally stopped
the motor. The photograph was a D. C. transient with A. C.
stationary voltage on each side.

The process for taking the photograph of the A. C. tran-
sients of the wave filter was more complicated than that for
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taking the D. C. ones. The power capacity of the usual low
frequency oscillator was found inadequate and the voltage
dropped considerably as the load was suddenly taken by the
filter. To eliminate this voltage transient, there was inter-
posed between the oscillator and the filter an audio frequency
amplifier and a resonant circuit whose inductance might be ad-
justed and short-circuited for any convenient portion. A switch
was arranged so that it connected the filter to the source and
short-circuited a portion of the inductance simultaneously.
The source was first loaded with the resonant circuit, and by
short-circuiting a portion of the inductance, the circuit was
made not resonant and the load was thus decreased. When this
decrease of load was equal to the increase of load due to the
parallel insertion of filter, the voltage of oscillator remained
unchanged. Therefore in operation the portion of the in-
ductance to be short-circuited was adjusted until the voltage
of the source remained unchanged as the switch to the filter
was suddenly closed. To minimize the effect of harmonics in
the output wave of the source, a low pass filter was connected
to the output terminals. ,

The characteristic of the transient depended upon the phase
angle of impressed A. C. voltage. To evaluate this angle, the
connections of the deflecting plates of the oscillograph were
changed from oscillator voltage to receiving end voltage of
filter by a dropped weight which then closed the sending-end
switch B of the filter. The phase angle of the oscillator vol-
tage when switch A was closed was shown on the photograph,
and the time required for dropped weight to travel from swiich
A to switch B, can be easily measured, and the phase angle of
oscillator voltage when sending end switch B was closed can
be calculated. The connection diagram was shown in figure 2.
Switches A and B and those of the motor were arranged in the
same manner as before. The procedure for taking the picture
was as follows: Switches C, D, E and F were closed, and switches
I, J, K and L were opened. The switches A, B were thrown to
the side ¢ a’. The stopping switch was closed and the start-
ing switch was opened. The oscillograph was started and the
A. C. source was put on. The weight was let fall from a de-
finite height, it started the motor, threw switches A and B from
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the side a a’ to the side b b’ and stopped the motor finally.
The voltages of the sending and receiving ends of the filter
were measured by a VacUum tube voltmeter. The picture was
a stationary A. C. voltage and the A. C. transients of the filter
with .a long dash between them. To determine the time for
the dropped weight to travel from A to B, switches 4, B and
those of the motor were arranged as before but switches
C, D, E, F were opened and switches I, J, K, L were now closed.
The weight was let fall from the same position as before, a
second picture was taken. This was two stationary 4. C.
voltages with a long dash in the middle.

From the second picture, the phase angles at which the
first voltage ended and that at which tthe second voltage started
were known. From the first picture, the phase angle at which
the stationary A.  C. voltage ended was known. From these
three angles, the phase angle of the impressed A. C. voltage
under which the transient of the filter was taken can be evaluat-
ed. A photograph of the whole apparatus was shown in Figs.
1e and 2a, where a was the filter tested; b, the frame containing
dropped weight and switches; ¢, the resonant circuit; d, the low
pass filter to eliminate the harmonics; e, the oscillograph tube
and camera; and f, the power supply unit of the oscillograph.
The filter tested was a 5 section lowpass T-type filter with the

following constants: R=52.5 ohms=.046526 J %, L=.64 henry,

C=.50264x10-° farad, r=8.11 ohms=.007172 JTC, R=3 J._g.
=1595.8 ohms. The a—c. transients were taken mostly at
the resonant frequencies of the filter. The picture taken
were shown in Figs. 3 to 10. The calculated and experimestal
results were poltted side by side in Figs. 11 to 16 & Fig. 21,
where the discrepancy was found to be small.

Conclusions

The formulas gave results which checked pretty well with
experimental values, and the formulas were correct. From cal-
culated results as shown in tables I1I and IV, the effect of ter-
minating resistance is to make the damping constants of the
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damped terms differ from each other. Without termination
resistance, the damping constant is R/L for the constant term -
and R/2L for all the sine terms; and as a result, the transient
die out very slowly and'in transient state there is no definite
frequency. As terminating resistance is gradually increased,
the damping constants all increase, and differ from each other,
ranging in decreasing magnitude from constant term of 0
frequency to the last term of cut-off frequency. No matter
what the external frequency is, the transient is ultimately of
the cut-off frequency, because it has the lowest damping con-
stant. But this constant-is near to but greater than R/2L.
Hence the transients now die out faster than the case where
termination is absent. As terminating resistance is increased,
the deviation of damping constant from R/2L is increased as
shown in Table VI, and transients die out faster.

The effect of sectional resistance is very large on the damp-
ing constants, as their deviation due to termination is all based
on R/2L. Thus with R=0, the smallest damping constant

. . 00343
(table I) is only ~JCL -

The effect of number of section can be seen from data in
Table VI. For same sectional resistance and terminating re-
sistance, the damped terms increase with number of section.
For one section, there are 2 damped terms with very large
damping co‘nstants. With each increase of section, there is
an increase of one transient term of smaller damping constant.
Hence transients die out faster in a filter of smaller number
of section. Thus in Fig. 4, the d-c. transients of I section die
out very fast. While sectional resistance, terminal resistance
and section effect damping constants considerably, they have

no large effects on the transient amplitudes. ‘
From data in Tables I-IV, the transient amplitudes after

cut-off were of the same order as those inside the transmission
band and the amplitudes are enormous compared with the
steady-state terms. Hence filter property only exists in the
steady state.

, and transients die out very slowly.
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Fig. 3 Fig. 4
Indicial admittance for the Indicial admittance for the
receiving-end of 5 section receiving-end of 1 section
Filter

Filter

ssss
Fig. 5

s8s

Voltage across the first coil
of 5 section Filter under
unit d-c. impressed voltage

1, () of 5 section Filter under an impressed
voltage sin (1202 t+4-50.15°)

Fig. 7

I,(t) of 5 section Filter under an
impressed voltage sin (1787.6t+68.3°)
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I, of 5 section Filter under an
impressed voltage sin (2228.6t-
300.05°)

I, (t) of b section Filter under
an impressed voltage sin
(2463t--48.93°)

Fig. 10

I,(t) or 5 secticn Filter under 2n impress-
ed voltage sin (2525.8t4-141.7°)
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— CGaleutated Curve Ip(e) of 5 sectron Low-pass T-type
— Experimental Curve Flter under an rmpressed witase
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Ef
—Calcviated Curve P P
— Experimaental Cyrve F F
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Calcvlated Curve of ia(®) of 5 sechion Low -pass
T-type Filter without Termination vnder an
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