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Consider the nstwork af Figare 1t
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Assume that the netwerk is of the "eonstans X" type, that is,
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Gonsidering the absolute magnitade of the curreat ratiec we have
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It is poasible to eliminate 4, B, avd C from theae four
equations, giving the oudbie equation in %,
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The three rosts of this equation are resdily found
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By trisl 1t may be seen that K% amt 2z 4o met give s
physiesl solution of the prodlem. Using the reot My® we find thats
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Solving for the fundamentsl osnstents a, b, and ¢ we find
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Under these conditions:
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Solving the last two equations for I; and C;, we find
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Applying the eonstants s, b, and o to &itm the othey
~ constsats we have, -
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Referring to figure E snd finding the numericsl vslues of the
eonstants, we have the following formulse. The sorresponding |
values as determined by the filter formulse are given in parentheses. |
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The charasteristic of the sbeve network is given 3y
W« 10 1leg.3p [1 . é;}lﬁ] - 10 108, fil_i‘z
' ~ (I2)
When £ » 2, there is & loss of approximately 3 0. With £ <L,
the loss is negligibly small, but vm 224, the loss insresses
rapidly, slthough not as rapidly as in the case of ths filter type
of strueture. It should be noted that the vslues of the elements
are moh different frox the corresponfing filter valuss., 4 plot
of the rélative charssteristies is given on an attashed sketeh.
The ourves are computed vslues and neglect iaternal éiu&pntsﬁ
in the network which would reduce the peaks in the filter ehrw
terintic to s oconsideradle exteat. |
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Ap sn illustration, & phonograph reproduger will: bhe
deaigned by the method desorided. A reproducer hasfa series
complianse due te the edge of the disphraga which 1t is necesasry
to take iato mccount. By the method of impedsnce transforming
networks, it may be showa that the strueture of figuve 3 is
identiesl to that of figure £. e/

provided that 8, = L
- 3ﬁ » 6;

and where T is an ideal transformer of the ratic shown,

| rmn' 3 npﬁmﬁs the squivalent girouit ef s pheno-
graph reproducer, except for the negative eomplisnes in series
with the input. Sinoce the solutien is simply for the ratieo of
iaput to output veleoity or current, this factor doen 20t enter
into the solution and may be negleoted. |
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We start by sssuning a disphragn of the cenioal type
of ons md thres quarters inches effective dismeter weighing
+20 groams. This is the spproximate mass of s duralumin disphragn
of .001Y inok thickness. We take further the value of Oy the
compliancs of the diaphragm to be .20 x 10°%, and selest 4000

R oyoles a8 the frequensy serrespending to the point wheve the

E structure is to have three TU loss.

By the relation bdetwesa I, and R, we find R %o de
oqual to B5620 ohms. Bubstituting this in the preper formulae,
we have: |

Lp » 38 gus.

Cy » 0028 x 10~

Gy = 40098 x 2079

Cg = +0120 x 1078

@ = 1,08

@p = 1.08

&fﬁ,@s - 0189 x 1078

- In/ey = 345 gus

I8% . 0108 x 107

The area of the disphragm iv 33.0 square ceatimeters.
Akmt&myzy;bﬁﬁmsh«mgimtsww
must have a throst opening of 25 2. *§ » 1.76 square esntimeters
of & diometer of 1,6 oeatimeters.
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NHext conasidering the complisnce of the aiy ohamber
whieh is required $o be .002% x 10°%, the remired fermulse
for the volume of the aiyr chamber is

| Ve 1.4 x 15,5° x L0082 « .74 cudie centimeter.

The average depth of the chembder would, therefore, de
ﬁ% » 048 centimoter or ,019 imches.

The effeotive mass of $he needle arm at the diaphrage
) smuh& or 340 gns. which is ecasily realised. tmm

t; _
effestive somplimnce of the needle at the disphrags is .0129 x 10°8
1f &) represents the distamce frem the pivet peint of the mesdle
srm to the center of the disphraga and iy the distanse frem the
Pivot peiat to the meedls oint, the retie ef % is given by
‘% --2‘-';-;:-—&‘. xmae,ssmmimumm
point. With the average needls this ratio is spproximately
unity. 4 reprofucer constructed along these lines would have
theoretically a peffeotly smooth charagteristis, the refleetien
pesks which oveur normally in the filter type are not present.
It is of interest thal the network camaot be split up inte
ssotions having the same outeff fregueney snd impedanse. In
other wards, it is not & "matohed iapedance™ strueture.
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A two seotion notwork has been selected as deing
suffiolently genersl to show the methed of solutien. The same
general method spplies to simpler snd more complicated strus-
tures, the solution of some others are given on the attached
sketohes.

The illustrative example considered above gives the
solution for the ratie of input te cutput ourrens, sines this
sesms to be of more immediste practical interest. An eleotris
network usually requires the solution for the esss of a senstant
voltage in series with an output impedance oconmected to the in-
put of the network. This condition womld require the equations ot

the voltage divided by the gurreat in the losd 9 be trested an
shbove. It is ordimarily easisr, Rowsver, %0 make use of a simple

‘theorem whioh cam readily be proved, that the effeet of & constant

voltage E in weriss with an impedence Z and the meiwerkx is the
Saus &8 & current xn%@ﬁtsmxmﬁu of the netwerk
snd the impedsnes Z. If, as is umally the oass, Z 1s & pure
resistance, the sélntun of thiz onse reduces to the omss treated
shove for the retio of two currents, with the addittonsl gempli-
cation of a resistance sinnted soross the input tersinsds of the
Retwork. If Z is not a resistanes the method still applies, but
here the variation of the input currest %mﬁ be takem into
segount. '
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Another possidle field of application depends wupon |
an eguivalent methed of voltage ratios, suggested by Mr.0.H Stewenssn,
It may readily de shown that if suy givea metwerk termimated Wi
the impsdance Z, st the end of B, then the ratio of the surrest
in%0 end A to the curreat in the impedance Z is the ssme as the
Tatio o2 the two Voltages L1 where By 1s & veltage spplied ia
series with the nma‘:z sud K, is the spen eireuit veltage
ot the 4 end of the network. As am exsmple, if & veltage B, is
8pplied in meries with the resistanse R of figurs 2, there will
be & eertain veltm B, sarcas the cendenser C3~ The ratie of
the voltages ﬁ!ﬁl bde the ssme for all frequenciss ss the
ratie %L far the network.

One obvicus field of applioation for this is im the
ﬁmc!nnmm it zammate hmthmivium
open and watntein amtm unm aorcss the termimals, sush
8s & vasuum fude aymzw for example, whars the inpat an-mt '
may be considered as & eapacity. Anether interesting result 1
that an elestremagnesic recorder may theoretically bde given &
uniform response characteristic with no meshanieal dsmping H
whatsosver. This comes sbout from the elestromechanical network .
transformation, wheredy series masges are replaged by shunt ‘
capaoities, shunt eompliances by series iméuctances, whtiw by
voltage and forse by current.
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uuumumutmmasammut
oonstant velooity ia the terminal series mass, this is equivalent
to maintaining s constant voltage across the $erninal skunt
condenser of the egquivalent electrie network of the sleotro-
meshanicsl strusture. Hemes, the solution given abeve may be
applied to determine the comstents of & recorder with substantially
uniform response charasteristic and with 2s mechanieal damping.
Reforense may be uade t0 & Memorandum for File, MN-1163, "Equivaleat
Cireuits for Magneto Mechanioal Networks", Case 32184, dated
Jemuary £, 1925, for details of the equivalant eledtric eireuit of
an slectromechanical network,

The sams genersl prinsiples may be aprlied to elestre-
mechanical strustures to solve for the cenditien giving constant
amplitade instead of eonstent velosity. This aondision wes con-
sidered in some detail in a Memorendua for File, ME-181%,
"Constant Amplitude Motor Flenents”, Case mx, dated
Maroh 19, 1925,
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