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A conical top B has a hemispherical base C that remains in contact with a

plane P . (In general, C slips on P .) P is fixed in a reference frame A,

and a.

1° %5 23

normal to P and a4 = 21 X a,. b, EQ 5 PB are mutually perpendicular unit vec-

tors fixed in -B , with 23

from the center C* of € to a certain point Q that is fixed on the axis of B

are mutually perpendicular unit vectors fixed in A , with a
= 21 % EQ and parallel to the axis of B . The distance

_is equal to h , and € has a radius r .

To bring B  inmto a genmeral orientation in A , one can align ‘bi “with 2,

(i=1,2.3) and then subject B successively to right-handed rotations of amounts

A qq » q2 , and q3 radians about lines parallei to b, , b2,, and b (note the

- — 1
last éubscript),vrespectively.

a

Defining generalized speeds 5 s+, W a8 u W . Ei (i=1,2,3) ,

5 i

‘

1
AD . . . AT
w  is the angular velocity off B in A and v

i

Yo.oa U =V.a,, where

u, a 5 =V

is the velocity in A of that point of C that is in contact with P , determine
. Ay 2 " T
: u, - : : i
.the partial velocity of Q din A with respect to- uy . Express the results in

terms of r , h , 91 s EQ ’ EB , and trigonometric functions‘of ql ,_qzb, a3 » -

. , A A
using the notations s; = sin qi » ¢; = cos qi (i=1,2,3).
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Figure 1 is a sqhematic representation of abspacecraft A that carries a boom
B. B is attached to A by means of a screw S , 8o that B can rotate and translate
relative to A 's§mu1taneously. ‘S has a pitch p (i.e., when B performs one revolu-
tion relative to A , B advances a distanée p ); and the axes of B and S are per-

pendicular to each other.
At a certain time t , the velocity of point A% , the acceleration of point A%

the angular velocity of A , and the angular acceleration of A", all in a certain

refergnce frame N , are equal to 3§1 ms“l s 0, 432 s;_vl , and '523 3_2 s ﬁhere

gi', a, » &y are mutually perpendicular unit vectors directed as shown; and the axis

of B idis parallel to 2 as indicated in Fig. 2. Assuming that the angular velocity

3
ation of P din N at time t , P being the tip of B . (B has a length of 7m .,

-

. . . -1 . . '
of B in A dis at all times equal.to .6a, s , determine the velocity  and the acceler-

and the distance from A% to B%* , the base of B , is equal to 8m at time ¢t .)
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In the sketch A, B and C designéte particles‘of eqﬁal mass m. A

and B are attached to llght rods of 1ength L, and theée fods are pinned

to a horlzontal support S C ‘can sllde on a smooth, llght rod of length

2L, which is pin-connected to A and B v Two llght, llnear springs, each

of modulus k and natural 1ength L, connect A and B to C.

' Letting qliand qé measure an'angle and a distance as indicated in the.

sketch, form two differential equations of motion for this system.
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C. LEVY

To analyze motions of a sailboat B approximately one:may proceed

as follows: Lefting. 2 5 2 > 3 be a dextral set of orthogonal

13 _b_z’

93 be a simiiar set fixed in B , with El parallel to the main mast

unit vectors,with 2 pointing vertically upward, and letting b

and 22 pointing forward, aligd Ei with a, (i=1,2,3), and then
subject B successively to a deéxtral hl rotation of amount 61 (yaw)

and a dextral QQ rotation of amount 92 (roll). Next, letting O be a

point fixed in the surface of the water and P ‘a point lying in the surface

of the water and fixed in the plane of symmety¥y of B , ekpress the po-

" sition vector of P relative to O as ya, + za, . The quantities

2 3

91 ; 62 s vV, and =z then characterize motions during which pitching
and vertical trahslation'are'negligible.

The action of the keel (or centerboard) of B may be.takén into

account by assuming that the veiocity of P  is always parallel to 22 .

Under these circumstances the four quantities 191 » 92 s Y , and =z

may be régaxdgd as generalized coordinate 9y » ,ﬁ;,nq4.,vrespectivély,ﬁdf 3. 

nonholonomic system possessing three degrees of freedom.

Taking the system of all contact and body forces actiﬁg on B to

be ‘equivalent to a couple of torque R together with a force § applied .

T Rpby t Rgby o 8= 5.0+ 8)b, * S3by

b

R =Rdy

determine the generalized forces L F2 s F3 associated with Jql s
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