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1V, Temperature coelficient of length of certain cables. C

RG 8, 63, 87A. The temperature coefficient of electrical length is a
function of temperature,but near room temperatures, the coefficient is
essentially a constant. Measured values are tabulated below,

Cable type Temp. coeff, In temp. range

RG 8 ~2x1073 + 202 to + 50°¢*
63 ~ 1107, - 20_ to + 50°C
BTA ~1%10 - 60° to + 50°C

% Mot measured below + EDDC‘

A 100 foot length of RG 63 will therefore change its electrical leagth
about 0.012 millimicroseconds per degree antigrade,

UCRL Styrofoam: Mﬂasure:g'nenls showed the temperature coefficient
to be within + 2 X 102 parts per C. (The linear expansion of the copper
condactors is + 2X 107~ parts per C).

V. MNoise
"Internal noise' - Owing to manufacturing tolerances the characteristic
impedance of a coaxial cable varies along its length, When a pulse travels C

along the line, reflections are generated by the changing impedance levels,
The signal at the output, then, consists of the original pulse followed by a
serieg of smaller, internally generated pulses, the lalter referred to as -10
"internal noise. " When a pulse from a mercury pulse of risetime < 5% 10

is transmitted along a cable such as RG8 or RG 63, the amplitude of the in-
ternal-noise pulses obeerved is of the order of 1% of the amplitude of_the
initial pulse, when the observing instrument has a risetime of ~10"7 seconds
(517 scope-direct connections to deflecting plates). Cables having closer
mechanical tolerances (e.i. Styroflex) exhibitl internal noise of smaller am-
plitude relative to the signal pulse.
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a -- ATTENUATION AT INDICATED FREQUENCIES (db/100 feet)

RISE TIME CONVERSION FACTORS

For pulses of the shape shown in Fig. 5 of CC2-1, the rige times from
0 to x% can be expressed as multiples of T_, where T, is the 0 to 50% rise
time. Pulses of this shape are generated when step-function waveforms are

applied to l'!i!?aillipu'-s of transmission lines {for which atlenuation varies as

{Irequency) {(See CC2-1)

x 0 to xh rise time
T

10 0.17

20 0.28

50 1.0

70 3.

a0 T3

a0 b3,

95 £330

The 10 to 90% rise time is thus {63.2 - 0.17) T = 63 T,
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COARIAL TRHANSMISSION LINES IMPEDAMNGE MOMOGRARH
L il H

A single straight line intersecting the four vertical scales
represents a possible coaxial transmission line. Known
points on any two scales may be used to define the location
of the line.
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VIII. Transmission line formulas

Z-:r - characteristic impedance of coaxial lines with perfectly conducting
conductors
= . o)
Lo =dc 75 4in, T ohms

For dielectrica for which p = p, (this includes the commonly used
dielectrics)

377 D _ &0 D
o " 2nqk M@ =K 1. a
- A38 D
=K 8o g
where
B = permeability of dielectric - henrieymeter

permeability of vacuum

nk

4w x 1!]*? henry/meter

permittivity of dielectric - t'nra.dnfmnlnr

permittivity of vacuum
|
16y
dieleclric constant
R
i
D = inside diameter of outer conductor

(i T

1 farads/meter

A
i

d = outside diameter of inner conductor
The impedance of a transmission line having distributed inductance

(L. - henries per unit length) and distributed capacitance (C - farads
per unit length) ia, neglecting the effects of conductor reslstance,

2. v - Velocity of propagation of transmission-line waves {(TEM mode)
¥ = .L_ melerﬂfum:nnd
i

where p, ¢ are respectively the permeability and permittivity of the
dielectric.

For dielectrics for which p = B
A
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E_‘?
= h%’ mutcrsf&&tuﬁd C
. TR o
B = g gk

¢ = velocity of propagation in vacuum,

Along a transmission line having distributed inductance [L - henries
per unit length) and distributed capacitance (G - farads per unit length)
the relative velocity of propagation is

B
3 = JIGC

3, L. C - Distributed inductance and capacitance,

L = henries per meter
zﬂ -3
= .01 A x 10 ~ microhenries per foot
(ol ..Z-ﬂ"-" f:u-:tgs PEr metaer
Lo Blx : :
e micro microflarads per foot
By

For coaxial linea:

c =LK __ micro microfarads per foot

- lnglu D/

1]

L 0.14 {—I{"—] Tﬂg”} _r?' microhenries per foot
i

4. a - Attennation. Two important causes of allenuation are losses in the
conductors and losses in the dielectrics,

A, G = Attenuation due to conductor losses
E i
a, = 0.43x 1072 T [i-@*_'ﬂ) ‘l—_’"'- db/100 feet
.F:ﬂ ir

ouler, inner diameters-inches

°
(2
il

=
[

frequency - eycles per second

_

. ; 8
* The effective figure 3 x 10 meters fsee for the velocity of electromagnetic
waves in {ree space is a commonly used approximation. A more accurate fig-
ure is 2.9977 x 104 rmeters fsec. O

%
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1}

conductivity of copper

= 1.724 % 1079 chm meters {annealed copper & Eﬂnl‘;}

o
i

effective” conductivity of metal used for conductors - chm
melers

For solid matals - Silvar Gopper Aluminum Brass Solder

Jocla 0,97 1,00 125 1,93 2.86

B an Attenuation due to dielectric losses

For cables with solid dielectric,

= Z,H =z ]L'l‘:I| ‘,LI db/100 feet

“D JE
(independeat of 4)
wherag
r = WDiaslpaiiun faclor of dielectric

it

I x powav lactor of dielectric

2. Tg - Rise time of cable. T, is the time for the cutput pulse to rise
from U to 50% of the amplitude of step-function applied to input, See
the table on p.23 to find values of rise times deflned in different ways,
The equatlon given below is valid for autput pulses having frejuency
components predominately in the frequency range where the attenuation
a is due mainly to losses in the conductors {i.e. . *- ap) and there-
fore varies as (frequency)l/2,

&
Te = B‘%;Ti‘gnrﬁ seconds

length of cable in feat

£

b = cable lass factor

= 1,5% 107> uf,,ff_{spccrnda}l"a i,'feet}'l'

a = cable attenuation feet at frequency
f - db/1C0 feet

f = frequency - cycles per second,

The effective conductivity of an actual conductor may differ from that of
the solid metal owing to surface imperfections and discontinuities in braids,
ctec., and impurities. -



