
Problem 1: (Rotational kinematics) 

The earth is spinning about its axis with a period of 23 hours 56 min and 4 sec. The equatorial 
radius of the earth is 6.38×106 m . The latitude of Cambridge, Mass is 42 o 22′ . 

a) Find the velocity and centripetal acceleration of a person at MIT as they undergo circular 
motion about the earth’s axis of rotation.  

b)	 The rotation of the Earth is slowing down. In 2004, the Earth took 1.01 s  longer to 
complete 365  rotations than in 1924. What was the average angular deceleration of the 
Earth in the time interval from 1924 to 2004? 

Problem 2: Second Law Applications: uniform circular motion 

A mass m  is connected to a vertical revolving axle by two massless inextensible strings of 
length l , each making an angle of 450  with the axle. Both the axle and the mass are revolving 
with angular velocity ω . Gravity is directed downwards. 

a)	 Draw a clear force diagram for m . 

b) Find the tension in the upper string, Tupper , and lower string, Tlower . 

Problem 3: Experiment 5: Static Equilibrium Pre-Class Question 

2 3  of the wayA pivoted beam is supported by a cable that is attached to the beam a distance 
1 2along the beam from the pivot. The center of mass of the beam is  the distance from the 

r 
pivot. The beam makes an angle θ  with respect to the horizontal. There is a unknown force, F , 
acting at the pivot. 
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Problem 1. Rotational Kinematics. 

a) In 2004, the period of rotation is TE = 86164 s. Thus the angular velocity 
is 

2� 
−1θE = � 7 10−5 s 

TE 

The radius of the circle of rotation of the person at MIT is 

r = RE cos � � 4.71 106 m. 

Hence the linear velocity is 

2� 
v = θE r = RE cos � � 343.7 m/s

TE 

and the centripetal acceleration is 

a = θ2 r � 0.025m/s2 .E 

b) The average angular deceleration is 

dθE �θE 2� 2� 
= = (T2004 − T1924) � 

T 2 (T2004 − T1924)
dt �t T2004T1924�t 

2004
�t 

where T2004 and T1924 refer to the period of the Earth’s rotation in 2004 in 
1924 and �t = 80 years. Substituting numbers, we obtain 

dθE −2 � 9 10−22 s 
dt 

Problem 2. Second Law Applications. 

a) The force diagram is shown on Fig. 1. 

b) Using the coordinate system shown on Fig. 1, we get 

r : T1 sin � + T2 sin � = mar = mθ2l sin � 

y : T1 cos � − T2 cos � − mg = 0, 
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