PHY$4130/5130 Classical Mechanics

Homework 2
Chapter 3. Linear/Angular Momentum.

Problem 3.4. (]. Taylor “Classical Mechanics”) (10 points)
Problem 3.11. (J. Taylor “Classical Mechanics”) (10 points)
Problem 3.21. (J. Taylor “Classical Mechanics”) (10 points)
Problem 3.36. (J. Taylor “Classical Mechanics”) (10 points)
Problem A. (10 points)

A spherical hole of radius R/2 is cut out in a uniform circular disc
of surface density ¢ and radius R in such a way as to be internally
tangent to the disc. Find the center of mass of the composite body.

Problem B. (10 points)

A ball of mass m and radius R is thrown on the floor so that its initial velocity is vo
along the surface. The ball moves in a straight line and initially slips without rolling.
As it slides, it begins to spin, and eventually rolls without slipping. The coefficient of

kinetic friction is uk. Icy = 2mR?
a. Draw a free body diagram.

b. Before it starts experiencing a pure rotation, find the
velocity of the center of mass (CM) and the angular velocity
about the CM.

c. Apply the condition for rolling without slipping to find the time it takes to

begin rolling without slipping.
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A ball of mass m and radius R is thrown on the floor so that its initial
‘ % velocity is vo along the surface. The ball moves in a straight line and
7% initially slips without rolling. As it slides, it begins to spin, and eventually
rolls without slipping. The coefficient of kinetic friction is ux. [0y = ngz

a. Draw a free body diagram.

b. Before it starts experiencing a pure rotation, find the
velocity of the center of mass (CM) and the angular velocity
about the CM.

c. Apply the condition for rolling without slipping to find the time it takes to begin
rolling without slipping.
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A circular hole of radius R/2 is cut out in a uniform cireular disc of surface density o.and radius R in
such a way as to be internally tangent to the disc. Find the center of mass of the composite body:

Solution:

Thie coordinates df the center of mass of a system can be determined by subdividing the system, in an
arbitrary mannetr, into more than one part, computing the mass.center for each of the parts separately,
and then in turn finding the center of mass of these centers. So, we can consider the body te be made
up of two parts. The first ohe is a disc of radius R and a surface density o and the second one is-a disc of
radius R/2 with a negative surface deiisity (-a). The masses of the two bodies are
M, = onR?
M_s = —on(R/2)?

The CM of the first body is at the point (x,y) ={0,0}
The CM of the secand body is at the paint {xy,yi) = {R/2,0}
Then, the CM of the composite body is

 Mox+ Mgy Mogx, X MIR/Z-__ R
T O MgtMog  MgAMg o Mg -3 6
M_s

Y = 0 {due to'symmetry)



3.4+« Two hobos, cuch of mass my,. are standing at one end of a stationary ruilroad fatcar with
frictionless wheels and mass m,.. Either hobo can run to the other end of the flatcar and jump off
with the same speed  frelative to the car). (a) Use conservation of momentum o find the speed of
the recoiling car il ihe two men run and jump simultaneously. (b What is it it the second man starts
rupning only after the lirst has already jumped? Which procedure gives the greater speed to the car?
Hini: The speed i is the speed of either hobo. relative to the car just after he has jumped: it has the
same value for either man and is the same in parts (a) and (b).]

P Z‘/f 8 {L K_._ 744—0/ &/ OZ., %ﬂﬂ[fa/ W‘QJO/IQ'%EJ a#/ JU&-/‘D
(f@fc-vfuj- "&) flee Jfﬂﬁfﬁa/ 7Z‘¢¢.,. -1 /s e s /D o/a/.c_,,g,, bme.
leledve to He frau J"’S'f efter ‘%—7 ‘/ter.«f.

69 Ci»c.swvaﬁoa 9?/ ommeatior ( M- wass ot o %a-?%r)

INITIgL Finvac

— LD D

44 2575 = PGl et
_hf Z"/D - EE%_?( M)/&'Z/) n/”*/p'-'/oanr -

X = e (U-V) § o MA X )

Pi7e
0"0?(«(‘!{45) -MA D 4f=n

6) &‘/5 dllwo& Ls 7or'/ A {wo ’ ’) £ A’ﬂ//g?, (/aa,,/o::'(@ ¢l
2) fe Rud Ja:../ps y‘/
/ IWITIAL F/pee

fi{ I j )

g O o
X

Zl/z;. T Z//E.—" (Nf“-)-’lf(—;)-r-w(u"‘ﬁ)';

Cocsecv. Bf; o mepshobe ! e
™ ‘I-M/Q( 76
O o tu(u-n,) - (Mew )8, |V =, 0 U] Zor a

———

2__) /N!.'f_?“# L FinvaL
— U - "51.)
% %,
D= U= — o D=~ . ;
X

2;7/’5= (/V‘r"hr) 15; (-—-f 2753:: (-)?) ”‘qj;_ f'Xn' [ (‘!-(-1;1.)



Couserr. 5‘4 lhowrecsu ty
— (/V-f W)’U: = h{[u-’l—rp - "3

Y, fow 7 por
Tas awM/:"w*(Mm)qf] /Q’fo -"’; u “ ”7.”7/
W(O?”rgh)J'
[y ]
7o CP(A. re Wit {L Qh//%h ,—/ Q. é,-/ Separcte UV
Ao U ./Do s i

LG AXS b A M £ Sm
T S

Z_,_ SCCOL/ 7,19&,@,_,/4 d’-,l/M /(t /af</c/ a{ac/ Vﬁ/‘;c(ty

3.11 #+ (a) Consider a rocket traveling in a straight line subject to an external force F* acting alc
the same line. Show that the equation of motion is

mi = —rivg, + F™ 2%
[Review the derivation of Equation (3.6) but keep the external force term. | (b) Specialize to the case
a rocket taking off vertically (from rest) in a gravitational field g, so the equation of motion becom

T = —Hy — Mg, (3.
Assume that the rocket ejects mass at a constant rate, m = —k (where £ is a positive constant),
that nr = m, -~ ki. Solve equation (3.30) for v as a function of 7, using separation of variables (
is. rewriting the equation so that all terms involving v are on the left and all terms involving 7 on
right). (¢) Using the rough data from Problem 3.7, find the space shuttle’s specd two minutes into flig

assuming (what is nearly true) that it travels vertically up during this period and that g doesn’t char
appreciably. Compare with the corresponding result if there were no gravity. (d) Describe what wor
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3.21 #* A uniform thin sheet of metal is cut in the shape of a semicircle of radius R and lies in the xy
plane with its center at the origin and diameter lying along the v axis. B ind the position of the CM using
polar coordinates. [In this case the sum (3.9) that defines the CM position becomes 4 tw o-dimensional
integral of the form | ro d A where o denotes the surface mass density (mass/area) ol the sheet and
d A is the element of area d A = r dr de.| y
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