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Classic Transmission Lines

This text is an elaboration on "Classic Transmission Line Enclosure Tables" by
Martin ] King. In that paper a formula and tabulated function values are given.
By finding approximations to the tabulated functions we can find some interest-
ing results:

1. we can investigate how parameters affect the end result (e.g. optimize) and
2. we can quickly calculate a parameter set to start from when we use Martin
King's Mathcad worksheets.

The formulas, below, are all copy-past from a Mathcad worksheet of mine. The
approximations were created using MS Excel trend line function.

Theory
Definitions

o = density of air

¢ =speed of sound in air

BL = magnetic force parameter

Re = voice coil electric resistance

Sd = driver area

S0 = cross sectional area of the driver end of the transmission line (TL).
SL = cross sectional area of the exit end of the TL

Leff = the effective length of the TL.

Lact = actual length of the TL. Lact = Leff — end correction.

M ] King gives the following equation in his text,

1
. 2 Re
BL

We start by approximating DR, based on tabulated values, table 1.
Table 1. DR as a function of Qts, DR1 & DR2 and relative errors

Table 3. Shape function DZ as a function of SL/50 = a and frequency
SL/SO 20 25 30 35 40 45 50 55 60 65 70
10.00] 4.39| 5.49| 6.59 7.69| 8.78| 9.88| 10.96| 12.08| 13.18| 14.27| 15.37
5.00f 7.77| 9.71| 11.65| 13.59| 15.53| 17.47| 19.42| 21.36| 23.30| 25.24| 27.18
3.00| 11.06| 13.82| 16.59| 19.35| 22.12| 24.88| 27.65| 30.41| 33.18| 35.94| 38.71
2.00| 14.03| 17.53| 21.04| 24.54| 28.05| 31.57| 36.06| 38.67| 42.08| 45.58| 49.09
1.00| 19.43| 24.29| 29.14| 34.00| 38.86| 43.72| 48.57| 53.43| 58.29| 63.14| 68.00
0.50| 24.79| 30.99| 37.19| 43.39| 49.59| 55.79| 61.99| 68.18| 74.38| 80.58| 86.78
0.33| 27.82| 34.78| 41.73| 48.69| 55.64| 62.60| 69.55| 76.51| 83.46| 90.42| 97.37
0.20| 31.49| 39.37| 47.24| 55.12| 62.00| 70.86| 78.74| 86.61| 94.48| 102.36| 110.23
0.10| 36.48| 45.60| 54.72| 63.84| 72.96| 82.09| 91.21| 100.33| 109.45| 118.57| 127.69
SOI SL|
The following ratios are of interest: og = % , o= 5_0

With the expressions for DR and DZ, we can now calculate

Go(a,fB,Qts)
SO = Go(a,fB,
S =Sy

R

:p'cair'sd'DZ(O"fB)’DRZ(Qts)'_Z’ and

BL

So(ot,fB,Qts) = Go(oc,fB, Qts)'sd

SL(cx,fB,Qts) = a~00(a,fB, Qts)'sd

The effective length Leff is also given in a table. We first convert to meter, then
we get, table 4.

Table 4. TL effective length as a function of frequency and shape SL/S0, [m]

SL/SO
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10.0

6.066

4.851

4.044

3.467
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2.957
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Using the tabulated values in table 4, we find an approximation to Leff

15.562In(0t) + 86.236

Leﬁ(OL,fB) =

Qts DR DR1 error % | DR2 error %
0.2 | 0.1858 | 0.1839 1.0| 0.1860 -0.1
0.3| 0.1313| 0.1281 2.5| 0.1303 0.8
0.4 | 0.0950| 0.0990 -4.1| 0.0964 -1.4
0.5| 0.0788 | 0.0812 -2.9| 0.0780 1.0
0.6 | 0.0688 | 0.0690 -0.2| 0.0688 0.0
0.7 | 0.0625| 0.0601 4.0| 0.0625 0.0

Dry(Q ) = 0.0437.Q,~ %%

3 2
DRo(Qs ) := 10574 Qg™ + 2.0457-Qys“ — 1.3797-Q; + 0.388¢

The relative errors are given in table 1. Especially for DR2, the error is negligible.
A good approximation to shape function DZ, table 3, is

D(a.fg) = (-0.35%In(a) + 0.9839)-fg
The relative error is given in table 2. We see that for small alfa, the error is very
small.

Table 2. Relative error of DZ approximation

fB

The relative error is given in table 5. We see that the error is small.

Table 5. The relative error for the Leff approximation

a

10

5

3

2

1

0.5

0.333

0.2

0.1

error, [%]

39,6

-4.4

-6.2

-4.6

-1.3

0.6

0.9

0.8

0.7
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a 10 5 3 2 1 0.5 0.333 0.2 0.1
error, [%] | -0.6 11 11 0.6 -1.0 -2.0 -1.9 -0.5 4.2
The TL actual length is

SL (X,fB,QtS
Lact( T8> Qs ) = Legg (2. fg) - 0.6 /— n

The volume of the enclosure is

Vri(e Q) =

ool 15 Q) S¢-

1+ )

'Lact(o"fB’Qts)

Interesting relations

Rewriting this expression

R
e
oo(e:f+Qss) = P-Cair Sa-Dz(:fg ) Dra( Qs ) —
BL
Using fs = fB, we find
fs'SaRe
oQ = p:Cajp-0.0437:(-0.359 In(cr) + 0.9839)-
0.893 _ 2
Qg BL
It has three parts:
1. A constant
p-Cyjp-0.0437"
2 T T T
2. One part that depends on the enclosure
1.5[r n
(~0.359-In(a) + 0.9839)" Y
- 0.359:In(c)+0.9839 1%, T
3. The driver S
. 0.5 1“"'--._.___‘_‘_‘_ 7]
TSR R
0.893 _ 2
Qs  BL o

From the third part we deduce that drivers with low fs, high Qts and BL means a
small enclosure.

For £s=90 Hz, Qts = 0.6, Re = 6.5 ohm, BL = 4.8 T/m, Sd=48 cm2, we get the follow-
ing curves.
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