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TEST |

1. A wuniformladder of length L and weight Wis in equilibrium

at an angle 6 wth the floor. If the wall and floor are
smooth, the ladder nust be held in place by a rope fastened
at the bottom of the ladder and to a point of the wall at a
hei ght h above the floor. Find the tension T in the rope.

Pr obl em 1.

2. Awuniformrod of mass Mlies on the z-axis between z=0 and
z=L. Find the gravitational force on a point mass m placed on
the axis at distance z fromthe origin ( z>L ).

3. A head-on collision of two balls takes place on a snooth

pl ane. The balls are of same size and mass but because of
manufacturing defect the center of mass of one ball is off
center by a distance of 0. Find equations that wll describe

this col li sion and determine the velocities after t he
col l'i sion. Make sone additional assunptions.

4, Consider a particle of mass m noving a pl ane. It subjects
only to the gravitational force wth the center of gravity at the
origin of the xy coordinates. Derive the equations of notion with
t he use of Lagrangi an equati ons.
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1. A hoop with mass m and radius a is rolling dowmn along an
inclined plane w thout slipping. Find the necessary friction

bet ween the hoop and the surface of the inclined plane.

2. Consider a vehicle that is driven up a spiral parking ranp,
nodel ed as a particle that noves along a spiral. Wth the use of
Lagrange's equation wth constraints, derive the equation of

nmotion. Assume some necessary conditions.

3. Find y=y(x) such that the variation of the integral of

IS zero, where z=ay and a i s constant.

4. A conet follow a parabolic trajectory, which brings it to a
distance d fromthe sun at its closest point. The orbit of the
conet is in the plane of the Earth's orbit, taken as a circle of
radius R Find the fraction of a year which the conet spends

inside the orbit of Earth as a function of the ratio d/R



EM. 6273 ADVANCED DYNAM CS OF MACHI NERY
12/ 13/ 95

FI NAL EXAM NATI ON

1. Consider a heavy symmetrical top. The symmetry axis of the
top is chosen as the z-axis; the bottom (support) point of the
topis the origin of coordinates. Use the Eul er angles 6, o,
vy, as the angular coordi nates. Find the equations of notion

t hrough the use of Lagrangi an equati ons.

2. Suppose that a car is just started and is to be driven on a
hori zontal ground with ice. Find the equations to describe the
motion and find the required frictional coefficient between the
tires and the ice. Explain why the driver should not push the
throttle pad very hard. Assune that the nmass of the car is M the
noment of inertia of wheels is | and the torque exerting on the
driving wheels is T. Mike sonme necessary assunptions to sinplify

t he probl em

3. A satellite is launched from the surface of Earth. At the

time of burnout the satellite is located at altitude of 1,000 km

and

with the radial velocity of v , = 500 mis. Determne the required

tangential velocity such that the mninumradius of the orbit is

7,000 km



4. A satellite is launched from the surface of Earth. At the

time of burnout the satellite is located at altitude of 700 km

with velocity of

required to increase t

v = 1000g¢ +5000e; M/s.

Det erm ne the inpul se

he velocity in the tangential direction

when v, is zero so that the orbit of satellite is circular around

the Earth.

5. Suppose that a two stage rocket

is to be designed. The total

initial mass is 480 kg and the payload is 30 kg. Assune that the

structure coefficients,

find the payl oad rati os,

6. Construct the Brehne

61:0. 14, 62:0. 15.

For the best design

A and A, ,for the two stages.

diagramfor x'y'z' systemnoving wth Y

-iv toward xyz system Taking any point in the diagram show that

the Lorentz transfornati

on is true.

7. (a) Prove that Ae(nxl) = Axn

(b) Prove that (nxI)e(nxl) = nn - 1.



