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2) constraints of experimental conditions

3) instrumental details

| = Theoreteal

The solutions of the general differential equations of an oscillating
have been
system a-re;\ solved in detail since the same equations describes a

number of physical systems including mechanical, electrical and
acoustic.
The idealized system consists of a mass M, attached to a restoring

force F, = KX, provided by a massless spring attached to a rigid support.

Motion of the particle is assumed to create a linear resisting force of
% - Spring

m R% g% A L /x’

W (vass |/ /)

Fig. ! ~ Linear Resistance
The general equation of motion of such a system undergoing

"natural"” oscillationq(ie, displaced from its position of rest and allowed
w o g‘onalg P|‘n¢_
to return with outside influence)Ais: o=

2
1.1 MGFE +REE +KKX =0

There are two possible forms to the solution of the equation
relobi've K
depending upon the4amount of resistance present. If the resistance}is
equal or greater than 2VKM  then the mass will return to the position
of equilibrium in an exponentional fashion. If, Mm, as the case
will be here, FI% < 1, an oscillation about the equilibrium point

will result. If the resistance is zero, an undamped or continuous
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oscillation will occur whose frequency is given by:

F, = L K __1 |KG Eq- |
Doy \M 277\ W
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Where:F, = undamped natural frequency (C P.S.) Mb-m R=0

K = scthoomey zprostamct spring constant (pounds/inches)

M = mass (mw _ W _(pounds)
inches G (Inches/second?)

W = weight (pounds)
G {Austin, Texas) 979.283 cm/sec?

= 385.54372 in/sec’
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1 incn (US) = 2.540005 cm. h TI"'(' Pe;-noJ
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Wﬁmpumde will be efual to the amplitude ot the original

K
displacement. - \
: "
)é - \\'\. } ! _\) /\_
1 *f \/ \/
\_ ___
] =3
HJ'Z A Undamped natural oscitiation B.Dam 4/ ra /"f‘/ osC,

‘ R=o >R < 2Vkm

It the resistance is not zero, ie, energy is dissipated as in any
practical system, both the frequency and amplitude will be modified

from the undamped case.

new L e s:'e n
Thenfrequency will be-shifted by:

] 2 N

= a{qmcvs,. natoral freq. where R# O (Cyeles Fer
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The relationship of three successive peak amplitudes to the

"damping ratiogis shown in F‘:ﬁ - 3,
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The two fundamen al questions that arise from purely theoretical
considerations then are concerned with the time (frequency) determinations
and knowledge of R, K&M to determine deviations from the natural
frequency. The minimum time resolution A T required for idealized

| poond
measurement of a mass change of }% is calculated here for a typical
A

case of a 150 pound object at a period of approximately 1.2 seconds.

Tl - period (seconds) at 150 pounds

i~
}2 - period (seconds) at 150.1 pounds

AT=T2 - T1
W1 = 150 pounds
Wy = 150.1 pounds
K, = o*/
e\fér tinN TeKas)\= p43 ches7/sec 2
i
] :ZW\KG 57. l. &




1416
7-2 = 2%3.45%% x .1 97311 = 1.2397444 seconds
Tl =2 x 3.141%)( .1 97245 =1.,2393297 seconds
xl/e
A7 - .4147 g seconds 2= 85 m SELE

This order of time resolution may be readily obtained by a ¢£€¢n ’l' E » t
reselohen

1074 secondsm (1078 seconds resolution is routine) so

measurement of time per se is not difficult,# As will be shown later, :

the difficulty will arise from the distance resolution required to obtain

this time. |It is obvious_ that a stop watch will not suffice. \
¢ gl D
The next consideration, effects of resistance, cannot be determined

with such accuracy. The resistance in the real case will not be lumped

read: |
but will consist of several components mestsef.which do notAlend J
precise g
themselves toAcalculation. The two chief sources of resistance arise

from: 1) the mogtion of the mass(man) through a viscous medium (air).
2) the dissipation of the spring. While the spring resistance will

.fa 3 *Pﬂ
remain aAconstant, the viscous resistance (air drag) will vary with

subject configuration and surrounding atmosphere and cause variable
deviations from the undamped natural frequency. Since the body will
be irregular and variable and the atmosphere is presently unknown,
only an estimation may be made of this effect.

appreeisble
Air "drag" at ad t velocities may be calculated from D = Cy SP

P = dynamic pressure = E! %4 -
2
D = drag ( f,yn,/’)

Cq = Coefficient of drag

1.28 for flat plate

S= Area ( FH2)

- &~
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@ = density = 2,38 x 10'3‘for normal atmosphere

vo = velocity (feet/second) l‘ '
e?u q ton

Re51stance R = £OIC®  and combining this with the drag feree:
Velomty

W R - JSPV“" CJS("\/ by /%5
- .

Assuming a flat plate area of 3 feet for a seated man in a normal
atmosphere with a velocity of 1 foot/second (this is greater than our
maximum), the drag is calculated to be

R=1.23x3 X22°38 x673 x 1 _ 4.57 x 10~3 pounds/feet/sednd¢
X et

We maypnote the maximum allowable effects of resistance for the
.

accuracies desired (auxillary calibration is possible but undesirable)
*00'3 N e
We have seen that a tolerance of ~.‘ SN seconds is allowable .
a C’)Q‘\je, o" ' pou;94 anJ for convemrm'& H»uc. "mag
Tartimesfor ' at 150 poundsg,
trqurecs will be "psed hgr% %
E? - 1.3 allows calcualtion of the effect of R and rearranging this in
Eql% one
terms of periodWowdto calculate the maximum tolerable R for

H,(ﬁgiven AT; '\‘." M% 4/40'/0"7\1 doe{Flcien
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R = Mechanic resistance (pounds/inches/seconds)

4“umrﬂJ there
are ne 6/"" K = Spring constant = 10 pounds/inches

es |
losses M = %= Mass = 450 pounds

g

—== .389 pounds second?/inches

T-b'l"d’= Undamped period (seconds) ég3~1egal)ocasg _
=1.2393297
Td = damped period (seconds) = 1.2397444

kJ ,[ /2393297)& /;.'.33933 : R.88 A10°%

LA 397444 ) iy






