MECHANICS — Problem Set #1

Questions 4-5

The magnitude of the Earth’s gravitational force on
a point mass is F(r), where r is the distance from the
Earth's center to the point mass. Assume the Earth is a
homogeneous sphere of radius R.

. F(R)
4, What is FER) R}?

(A) 32
(B) §
{C) 4

oy 2
(E) 1

5. Suppose there is a very small shaft in the Earth such
that the point mass can be placed at a radius of R/2.
F(R)

R
F.i)

What is ?

(A) 8
(B) 4
(€ 2
(D)

= pd|—

(E)



6. Two wedges, each of mass m, are placed next to n.n :
each other on a flat floor. A cube of mass M is
balanced on the wedges as shown above. Assume
no friction between the cube and the wedges, but a 7. A ¢ylindrical tube of mass M can slide on a hori-
coefficient of static friction p < 1 between the ; s
wedges and the floor. Whar,i:; the largest M that zontal wire. Two identical pendulums, cach of mass
can be balanced as shown without motion of the m and length €, hang from the ends of the tube,
wedges? as shown above. For small oscillations of the pendu-
(A) = lums in the plane of the paper, the eigenfrequencies
ol normal modes of o tion of this system
v { the normal scillation of thi
gy 22 P
{ ﬁ are 0, ‘/ W , and
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(E) All M will balance.
© J&%
¥ m
(D) LM+ m
m
(E) %M + 2m



8. A solid cone hangs from a frictionless pivot at
origin O, as shown above. If 1, ], and &k ¢
unit vectors, and @, b, and ¢ are positive ca
which of the following forves F applied to the
the cone at a point P results in a torque t on
cone with 2 negative component t, 7

(A) F=ak, Pis (0,b,—c)

(B) F=—ak, P is (0, —b,—¢)
(C) F=aj, Pis (—b,0,—c)
(D) F=aj, Pis (5,0,—c)

() F= —ak, Pis (~b,0,—c)

19. Which of the following is most nearly the mass of
the Earth? (The radius of the Earth is about
6.4 x 10° meters.)

(A) 6 x 10™ kg
(B) 6 x 107" kg
(C) 6 = 10% kg
(D) 6 x 10¥ kg
(E) 6 x 10* kg



Vit Questions 41- 42

about a fixed axis initially rotates at 80 radians per

; A cylinder with moment of incrtia 4 kg - m’

T

z 2
[} 1]

10, If » is an integer ranging from 1 to infinity, @

is an angular frequency, and 1 is time, then the
Fourier series for a square wave, as shown above,
is given by which of the following?

0
(A) V(1) = :ir Zln sin{na!)

1

o

(®) V() =§§(—h—'+l—}sin (@n + Do)

4241
€ F(t) = ;zﬁwe(nw!}
1

l
(2n + 1)

al
D) V(1) = iz cos (2 + Tyot)
1]

B) V) = ~2+ 33— cos ()
[

. A rigid cylinder rolls at constant speed without
slipping on top of a horizontal plane surface.
The acceleration of a point on the circumfer-
ence of the cylinder at the moment when the
point touches the plane is

(A) directed forward
(B) directed backward
(C) directed up

(D) directed down

(E) zero

second about this axis. A constant torque is applied
to slow it down to 40 radians per second.

41,

The kinetic energy lost by the cylinder is

(A) 807
{B) 8OO T
(€ 4000]
D) 96007
(E) 19,200]

42. T the cylinder takes 10 seconds to reach

43,

40 radians per second, the magnitude of the
applied torque is

(A) 80N +-m
(B) 40N-m
(€ 2N-m
(D) I6N-m
(E) 8§N.m

I % = (), where L is the Lagrangian for a

conservative system without constraints and gn
is a generalized coordinate, then the generalized
momentum py 8

(A) an ignorable coordinate

{B) constant
{C) undefined

dfdL
(D) equal to dr(aq,,)
(F) equal to the Hamiltonian for the system



