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NOTE ON THE ROCKING OF A COLUMN
BY

JOHN PERRY ESQ.
(READ FEBRUARY 23 1881)

Let M be mass of column, K* M its moment of*inertia
about corner of base O. MN is circular arc traced out by

» centre of gravity in one half oscillation.

Find the time of traversing M N, Let

MO = NO = when C. of G.isat P

(let angle FOP be 6)

M g » sin 0 = moment of couple causing

motion
0 = Acceleration of angular velocity =
7 couple
moment of inertia
~  Mgreiné N . dr o
6 = R (1 ){ 0 is merely written for i
If the column is very slender then ¢ is always small and
. . r .
sin 0= 0 .". for slender column § =7 i The solution of
this differential equation is
L -
0=C, ¢ ¥ ! +C,e ¥ O, (2)

Now when ¢ = M O F (call this angle «), t =0 ‘
a=C, + C, Also at this time the ang. velocity is 0

do : o gy
_4:1{;?*7-061{"/” —1/97'0.9 KN
di K “ K % (3)
gr gr .
Put ¢ — 0&0:'—%01—1—/5}% ¢, .0 =0,
Hence C, = '7;» = (, and we have (2) becoming
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Let the angle N O T be called  then if ' is time of half
oscillation

28 = emtl | = mt! { where m is written for V/ SZ T
a .

K

( that is if the columm is )

7 — :
t ]/g is small { slender or in any case

Now if mt’ or
| after vibr. get rather |

[ quick ]
. ;o omi R
emt == approximately to 1 + mt -+ and
}’2 E_, :
3 P 1 {258
TIPRPIR i N g
p m m

So that we have as our conclusion —
- The time of a very small oscillation of a slender column
when the centre of gravity of the column traces the path

MNis

.. |1 NOF . )
2v9 K \)W(W)F__ 1 ) where K = I'?ldlll%. of
gyration about axis through O L° to paperand r =M O g=
322 feet per sec. per sec.

Take case. cylindric. col. diameter of base d, length of

5d? ’ r’ . .
column {, K* = 6t 3= 5 very nearly if eyl. is slender
l - : — !
also r = 5 very nearly Time ofoscill. =217 2 )
1 4 ’i(EQE, |
Eg& ::1/?—\{(7 MOT 1) ..................... (6)

Of course this is all on the supposition that the time is
really short; that is, that this time of complete osciilation X %

\XZ;Z is something whose cube is insignificant compared

with its square.
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A solution of (4) is also

loo ! = Vo —
g — 7
A
t =
'qu log ¢

Time of falling from « to g is

lowi,i\/ff-_l

Vv Sfm_
K log 5

=

This is correct and ought to be used instead of (5)
Take case of a column being at rest and then getting an
impulse.
df
When ¢=0 let ¢ = NOF say & let — ="
Whent:O f=0C +C

Equation (2) becomes

mf—v mp+ v
0 = o, ™ .
om =+ P
‘log % 0m 4 ] 0 EL———Y L"’_ﬁ__fl
= ”'/3“7) V( mp—v /! mp—uv )

m

This gives time in which column reaches any value of
angle 6. Evidently if (m f—+v) (m f—w) is negative the
column will get negative values of ¢. That is, everything
depends on whether v > =< mp. If v>mp col. will
tumble. If v =1m 8 col. will just reach an unstable position
resting on corner of base in an infinite time, If v <<m B col.
will rock on its base. It is evident then, that if one sudden
impulse is given to the col. its falling depends on v the velocity
at first instant. If » > m # then it is obvious that the time of
reaching the position in which C. of G. is just above corner
of base is

= —1-— log 7)_+ me (8)

m = Cw—mfp
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For a given value of v this time is longer as m £ is greater

]/.....1:. . -l/q jﬁ .
(or A _Ig_-greatcr> i 3 7__ ism B
l -l
The greater this is the more difficult is it
to knock over the column.
N —
A\ d !3!7 . 1t
A TN\ 2 is equal to v
the longer will it take for col. to pass its
0 unstable position.
4 |39
37 18N 2
t = / - log :
N2 9 _fl_ \/ 3y
Y 1% 9

For columns all of given length subjected to one sudden
impulse, the 1mp10b4blhty of falling is proportional to d the
diameter

It is evident that we c¢an apply our equation (1) to either
4" or —" values of . Now suppose that O gets an oscilla-
tion =@ sin nt .
gr
at K

Instead ‘of an angle ¢ may be regarded as a measured

2

Here we have ——; 0 — asin nt = 0

distance when col is slender,—

"The solution of which is, putting ji% =1m

=_a_§ncos'm‘f+msnmt” m sin nt-— ncoqut}_‘_,& n g Bt
2m m?—n? m? 4+ n

This is general equation to motion and corresponds to
equation at top of page 8 in our paper on a Neglected
Principle read before the Asiatic Society of Japan, on the 23rd
May, 1877,



