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the first a, afn- 1, as 

2. 

4. {3 

the 

eO'l1al:1011S are. 

e, 
.9 ......... ., ............ It .... " ................ ., ............... ,. ................ • .. • .. • .. 

o (3. fl.el) 

therefore 

2m 

B' =3.1 2
.82, O'r 3.3'. 

For these values 

{3. 

will hold for U's of the other 

the series of 
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manner which may 

automatic manner ""71·thrn~? 

splnDlne:- friction are 

19. 

radius of back 

'1= 

of the back 

is the direction of the axis 
at 

head 

= 

-q. 

between various directions .. 

and 

wheel. 
of 

-X= 

IS the 

wheel and 

the 315 

the condition that 
to 
0, -0) 
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6. Consider the back wheel 
Let the reaction of the be + 

this the 
+ 

The ...... ''-Inn."c OO1:aUlea to the axes 
"'-'-I ......... '.....,~ are 

moments of 

na COS1}, a 

v. 

about g are 

+ 
moments of momentum of wheel about 0 are 

Take mcments about 

+ + + -( 

= 

+( 

on the x COlnpOllEmt of a vector 

8. 
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+ 
+ + 

front-frame 

+ + + COS7J + 

+ 

+ 

+ 
+ 

Mass back frame and = 
the c. G. of frame and have coordinates 
tbe axes are 

=a 

+ 
and 
"I, (5 when 

Mr. 

The third "''''.,''-> ... 11'' .... 

about an axis 
the 

= 
etc. 

rro obtain 

cose 

+ .l}[a °1 

moments 
forcive on 

moments of inertia of 

+ 
etc. 

IX. 

and 

and add 

- e'), cosn sin 7J + 

cos'1J+ e
2 

sin 

+ 
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in the directions we find 

sm sm 

sm sin 

rrake lines In the directions 

cosp sm 

sm 

10. All the p,orlanons determine the motion 
been obtained. In the 

The 

6 is 1Odep€maent 
order 

+ 

case 10 which cp and are 

nel~le,ctea~ and 

8
1 

= T B 'p 
B!l= T sinO 

Os sinO-

condition I. reduces to 

= cos 0 ............... 1. 

1 and are .... ""rrl" ..... t'''i 

constant. Hence iJ 
reduces to 

cos 0 + 
'Ta ,sin 0 cos 

Ta' sin fJ ~os sin 0. 

shews that T is of the same order ~ and 
reduce to na = n' a' V. 

+ 0) = 1-", 

0+ q O=b= B, I. 

+ 

Mr. a 

II. takes the form 

is written instead of 

a cos sin 0 [; cos e) 

(~ (T+ ~ 
cos f:) - f3 sin 0) 

+ 
cosf:) - + 

= = 
YOL.·XXX. 

sine 
.. 
p cos 

cosO, 

sinO. 
TT 
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is now 

and the COll'rel:lJ)Olndme: n"''',~n+.'''''''' is 

cos 8 =-

where h, IC, 0 are the coordinates of G ",,,,,""+ .... '0 to 
axes al'e in directions .AJ.~'-'a.L'~' 

is 

and the last thl"Ce eaua1tU}JlS 
f 

IC 

The relnalnUJt,g' ej:ma.tlOltlS are VII. and 

sin 8 

the 

with 

+h ... 'nn£",h T' of the internal 

-acosB 
() 

:::: cos 

a 

sinO + cos B) ~ + cos8 + 
+ same with dashes 

+ + m"r' + 

+ = 0 .......... * ••••• tt •••• OIll~.4! 

The IS 

true he the value of 
the rider on the ~ .... .uu .• v.,. 

is found from VII. with 

sin B •. 

1 
+ cos 

+ + sin 

+ 

+ ----;------

It 

The 
mine the 

convenient to re-write here: 

+ VcosB 

XIII. are surfiClent 
and p' are small. 

sinO) 

deter-
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machine trace a 

1 'T 

= p 

XIII. may now be Written 

the 

XIV. when sin 8 is 

sin£) + + m'r' 'sin £) + 

a 

p, 

............. -,. 

rrb cos 8) VT 

The case of interest is that in which 0' o. 
. Eliminate 

sm 

cP' 

From XVI. we 

The result of elu:mn,atlIllg' 

sine cP-

if the 

1 from 
p. 

IS 

Mr. the motion 

or .. ,,, ... ,,,,,, when.3 o. 
at velocities less than 

of the frame 
For 

vertical is 

£) + ----;-----=-. _ ..•••..••.. XX II. 

For the machine whose dimensions are in § 

2-879. 

motion for velocities of this order is shewn to 
15. 

it has been 
him to determine the 

In his he 
he the 

As a solution of XXII. 
which denotes au unstable the 

the criterion is "1 .. ,1'1,,,,<> 
of the n'"'-»I>,-"I 

Mr. differs from 
omission of the term cot 8. 

Small oscillations 

12. Denote the values of cp' and T 

, and To assume 

cp CPo + ~l{eA~, 
cp' = ' + ":i!.K'e-;'J, 

T = To + ~TeAt. 

1898. 

motion 
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the tU 

are l.'he unit of 
as one metre. The unit of mass is 

of as 1 The numbers in. 
pages on are intro- t:::.. 

duced. 
0 C!J 
is: I:- + ....... lCl 

tan 0 0 ....... C!J ~ 
CJ:l :... + 

1"= l'05b cosO, p/ '05b cosO 
e.:r.::l ...c 00 

io 
en 
cq 

a e I 
0 

t!: 
~ <:l::) 

...c 
t< 

CJ:l ~ C<:I 
0 
0 ~ cO 

ry = '65b cos 0, ~ .... en 0 
a;, a;, 

'9b cosO, 
0 00 I ;... + 

0'" 

w= =2w II 
cq ..... 

+ + II 
..:.t +t 

5wb2
, 8 + 

0, 
0 :t.n ~J...p 

t!: A~ 

~I~ 
~ 0

0 
"'"d + 

~ II II ~ s:1 
d 

From these values the 
~ ....c <Ii:: 
l:- t<! 0 "-a:> 0.. C!J cr:. + + ;... 

+ 0 ~ 

'395wb ll
, 

I l' 

sin 0 + cos 0 = sin 0 + cosO, 
+ 

cos = 0, + 
8 

cosO sinO= cos 0 + Isin 0 = cosO, 0 
t!: d ....... 

'sin 0= cos 0, ::s 
o Q) ~ ...... ...0 

0 15 .... 0 
;... 

o sin 0, 
S.SS Q) Q) 

<J ,..0 p... ~ 
+> 0.. 0 

cosO sinO, 
s:1 ::s 0 

Q) Q) 
;.... 

Q) ...0 to 

TI=20w 1: -I-' d 

<I 
..!:I 

.qi 
Q) 

,..0 

cosO, cosO. = + ::::::: 
rl 

II 
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For e = eo, = reduces to 

~'+ + 0, 

has roots 
- -2 ± '151~. 

'1.1here must be some value of € for the 
the This value 

LL 

] 

if the absolute term agrees, i. e. if 

- 4:46€ + 2'425 = o. 

The root bet ween Eo and €'I. is 

For of A are 

and -roots A 0 are 

'64i. 

For values of € between Eo 

'rhus 
the roots have theil' real 

A reduces 

to 
'046 = 0, 

.and the 

-'17 ± "716i. 

of the machine is 
If the 

gear be nn'''Pllrn of the The 

of revolution cranks 

of A, 

of ~, 

the gear = 

motion a 

lateral motion tlle 
as the revolution of 

not tend to become ex-
effect velocities ......... " . .,1'",.. 

16. In the case under consideration the coefficient 
and it is 

to the 
1'he coefficient is 
whether it is ne(~eSf;arl 

to this fact that 
consistent with 

and it is advisable 
"'" ..... ,,'1-,'0'.0 for all machines. 

coefficient E: coefficient of l' iil 

coefficient of : coefficient of in XXIII. 

= () and 

and therefore of as was 

be one, for which 

small to E. 

If a of the 
the time in which 

of revolution of the 

This 
the 

e is 

tlllS root be 
e bears to the 
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reversed 
value of 

3'76€ 

the 

there 
That 

- 1'12€ 7"lZsl1 

2"89 - 7'5Z€ = 0 

e= 3"5. 

This value € <t e" and therefore for 

when 

In each of 
as 

>6> 
to 

an idea of the U"~''''''''k~,"'~'V 

when E 

0< 

a 

} , 
values of € < Ed 

their real 

and the rider must 
between the two 

-1'1. 

the same as before it appears that the 
force on either handle must be 2 Inloe:rarnmle 
for every the handles are mspUllcei[J. 

of 6", 
1 

Q) 

...... 

lJ1.r, motion a 

Q) 
;:... 
;:;:; 

vo 
004-0 :.,a 0 

<:.j...., 
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4-< 
0 :: 
(I) 

'1::1 ::: ::: "00 
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-:5 
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340 Mr. 

For that value 6. + 
+ - E) + 

x 

and the value of 

the motion a 

has factors 

+ 
+ 

terms in this ov"n .. ,,,,,,,,,:on 

= 0, 

+ e) 

the absolute 

and 

The 

=0. 

elumr.latlng X from these two eQ111atloI1S IS 

"\Vhen 
and the 

I1'IE 9'7 

root of this "r ... ",.Y,nn To insure 

ell> E> 

Ell> > 

~1 > € > 0, 

>6'> ell' 
moves 

lie I~Al'UH>pn 

0> Xl > X:.:, 

Xl> > X" 

same dll'ectlOn 

11£1'. the motion 

of the 
"""on.",,,,, of the frame sin O. 'rherefore 

movement relative to the machine to 
movement with the machine is for this 
] 6 between '046 and 

When ell> e> the rider need not move his 
a small movement with 

El > E> 0, the rider must move his 
OPlPosate direction to that in which the frame 

when = reads 

1'98 = O. 

The solution of this '''(,'''<It'An IS 

Xl 4-46 correS1Pon,dmig' to S = e-, 
.... ""-' ..... .L .. ,L.LL. leads to 

= '095 
" 

This indicates that for the 
36 the rider can 

that ita from the vertical 
one-tenth of what it would 

to the machine. 

19. The has shewn that 
critical For velocities O'l'f'!lTI'l' 

the motion is rendered 
who turns front towards the 

or who moves his away from that side. 
has exert in the former opiera.tHlll1 

whereas distance he 
case is small. 

For velocities bet wen ~ and 
when the rider does not move his 
the handles. For less than 
hands but between and 
who moves his 
direction as the is I"'JI1"l''{!1InO'' 

of the distance he is 
velocities betwee'n 

who the motion the handles as small as pv,;:,au .. IAV. 

For velocities below 
and uses both 

'rhe balance 
but is a feat which VA('I11"'."'" 

341 

but 

the 



342 11£1'. 

= 

<2= 4 

9 

19'6 km. 

11-S 

= 10'4 

8-5 

,. 

lJir. the 

+ 

With the COl'reS'DOIJldUIQ 

form XVIII. 

Cose 

The form of 

8m 

+ 
fh 

+ 

unaltered. 

+ + 
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r. 

this leads to modified 

-=g sine 
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value of this 
of tbe linear 
that the 

( 

+ 

the amount 
friction. 

The curvature 

the 

is and 
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p= 
Let Vbe the 

eqll1atl0I1S also 

between the centres of wheels. 1'he VPL{\~H'TI' 
centre of the wheel is V - 'Gir. 

V -tf1r 
Therefore the about the axle is . 

a 
on this has fA 

=o,} . .. " ........ XII. 

1 
.1'. 

the force on the other wheel 7- in the 12 sin 8) 1/ 
'-'lJliJV"'~''"' direction. 

moment about the vertical T of the two 
. .. XXXVI. 

forces is 

cos(J - sin 8 + ~ 

+mrsinO} Vr+ sm 1> 

+ sm 
is the moment of inertia of the 19a{~K-:rrame wheels 

the vertical T. 

cos8+ cos 
= + 
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.. 
~ + cosO sin 8) + + 

+ sin 9) + + 

+ + + mr sin 8) ~ + 

+ sm cp, 

where the letter!! without dashes refer to th>e front wheel. 
'l'he critical for the is that for which 

the coefficient of' tp above vanishes. 
In that case 

cot(J+---:=::::::-

v> 

motion. 

ON 
OF 

§1. 

q and s 
coefficient 
taken r TAn",,,t-I,,,,,, ... 

if s < or = 
result for 

2. 
0, 
we 

and TtlP:l'Ptnl'''' 

8 
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....... ,""".,,+ volume of the 
that if 

n 

m <p, the 

mod. p. 

--'---, mod. p; 

m=s q, 

"'--,--;:-=- , mod. p, 

a binomial-theorem coefficient to a prime 
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a 
, where a is an 

transforms 
the 

",nl.,."".-",,,n I therefore coincides 
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