College Physics



NAME_________________________

Final test Fall term 2005

Closed book, but open notes; each problem 20 points. Two hour limit.

Show work, be neat, Watch the units, significant figures, and specific instructions.

Professor John C. Mannone

#1 
An ensemble of discrete particles, each with mass m, are connected with relatively massless rods as an equilateral triangle (ABC) whose sides are length l.
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Using simple geometry and trigonometry and the definition of Moments of Inertia, determine I the about the following axes:

(a) About an axis in the plane of the masses going through A and bisecting line BC

I = ∑miri2/2, 
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I = m(0) + m (l/2)2  + m (l/2)2  = ml2/2
(b) About an axis going through any two masses; i.e., a line along one of the triangle sides

           l sin60



I = m(0) + m (0) + m (l√3/2)2  = 3ml2/4
(c) About an axis perpendicular to the plane of masses passing through the geometric center (center of mass) of the triangle
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sos 30 = √3/2 =  l/2r  => r = l/√3









I = 3 m (l/√3)2  = ml2
#2  
For the following problems, the following may be helpful: moments of inertia about the principal axis for a sphere 2MR2/5 and for a disc MR2/2

(a) A spherical asteroid of uniformly distributed mass M and radius R, is forced to spin (by unspecified means) about an axis located in the plane of the 30-degree latitude circle. Determine the moment of inertia about this axis in terms of M and R (express the result in reduced fractional form)











Axis through 30° latitude plane












         Equatorial plane

Using the parallel axis theorem, the moment of inertia about the axis displaced by d from the parallel axis going through the center of mass is,



I = Icm  + Md2


I = 2MR2/5   + M (R sin 30)2


  = MR2 ( 2/5   +   1/4)



I = 13 MR2 /20
(b) If a sphere of mass M and radius R is spinning at a certain angular speed sphere. If various forces cause the sphere to squash into a uniform disc with twice the radius of the sphere, then determine the angular rotation speed of the disc disc in terms of sphere.





Conservation of angular momentum (Isphere  =   (Idisc and realize Rdisc = 2R

(2MR2/5) sphere =  [M(2R)2/2] disc


disc =  sphere/5
#3 
Jupiter has several moons. The 3rd largest of the Galilean moons is called Io and orbits Jupiter closer than the others at an average orbital distance of 422,000 km once every 42.48 earth-hours. The radius and mass of Io are 1942 miles and 8.93x1022 kg, respectively. (Helpful info: G = 6.673 x 10-11 (SI units))

(a) Determine the orbital speed of Io relative to Jupiter in km/sec. First solve for speed v algebraically, and then plug in values.

By definition (derived from central angle theorem in geometry)

= 2f = 2 /T

= v/r


              v = 2r/T

r = 422,000 km    T = 42.48 hrs x 3600 sec/hr   v = 17.338. 
  v = 17.3 km/sec
(b) Determine the mass of Jupiter in kg. First solve for the mass algebraically in terms of v, and then plug in values.

Application of Newton’s second law for an object in uniform circular motion (the slight elliptic orbit have been approximated by a circle),

GMm/r2  = mv2/r, where m is the mass of Io, M is the mass of Jupiter, r is the orbital radius of Io from Jupiter, and v is the orbital speed of Io

M = v2r/G
careful to use SI units,

 r = 4.22 x 108 meters and v = 1.7338 x 104 m/sec

M = 1.90  x 1027 kg
(c) Determine the rotational kinetic energy (Joules) of Io. Note: Io is in synchronous orbit with Jupiter, which means the time it takes to orbit Jupiter is the same time it completes one revolution about its spin axis (just like our Moon)

Rotational Kinetic Energy = I/2
2 /Trot
since rotation is synchronous with orbital motion, Trot = Torb = 42.48 hrs x 3600 sec/hr = 152,928 sec

Io assumed spherical with radius 1942 miles x (5280 ft/mile)(meter/3.28 ft) = 3.126 x 106 m and mass 8.93x1022 kg, Therefore, I =  2mr2/5 =>

KEIorot  =  2.95  x 1026 J
#4 
Three masses (2m, m, and 3m, respectively) lie in a straight line. The two end ones are separated by 1AU (an arbitrary unit of distance). For a net zero gravitational pull on the inside mass by the end masses, how far from the left mass is the mass m placed? 

(Report to 2 significant figures).
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The gravitational pull by the 1st mass on the 2nd is F12


The gravitational pull by the 3rd mass on the 2nd is F31


These must be set equal to each other =>



G(2m)(m)/x2    = G(3m)(m)/(1-x)2


2/x2    =  3/(1-x)2




2(1-x)2     =  3x2


2 – 4x + 2x2   =  3x2 


x2   +  4x   -2  =  0



x = {-4 +/- [16 - 4((-2)]1/2}/2
=
(-4 +/- √24)/2
= -2 + √6



since x > 0 , x = -2 +-√6 = 0.44849

x = 0.45 AU
#5
Consider the simple pendulum with a mass m attached to a massless string of length L swinging without friction. For an arbitrary initial angle , the period of oscillation is given by a special function called the Elliptic Integral of the First Kind. It can be approximated by the power expansion:

T =   2√(L/g)   {1    +      /16     +     11 /3072      +    …}

(a) What is the % accuracy error if one assumes the small angle of swing approximation for an initial angle of 45º?

The angle must first be converted to dimensionless value, 45º = /4 (radians)

% accuracy error = 100  -  {1/(1    +      /16     +     11 /3072      +    …)}100


                =  100 – 100{1/(1 + 0.039 +   0.001)}  = 100 – 96.16

% accuracy error = 3.84%
(b) Examine the graph of experimental data and determine the local acceleration due to gravity by careful interpolation and subsequent calculation. That is, determine the slope of the line (not the data points) and estimate in between smallest divisions!
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The linear relation shows the small angle approximation is valid,

T =   2√(L/g)  => slope of T vs. √L  is 2√g    To calculate the slope, choose 2 widely separated points on the line that are easy to read precisely. Read the xy-points to the nearest 0.1 and 0.01 units respectively. For example, these are (2.0, 0.40) and (8.8, 1.75). One could argue that the precision in y is better since it is right on the line. There fore the slope will have 2 or 3 significant figures

Slope = (1.75 – 0.40)/(8.8 – 2.0) = 0.1985 second meter-1/2

Slope  =  2√g
or
g = (22 = 1001.6
g = 1.0 or 1.00 x 103 m/sec2
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