








Advanced Higher Physics

Rotational Motion

Problems: 
Solutions










TUTORIAL 1.0

Equations of motion 



1.	(a)	v = ,   = 90 – 8t,  v = 90 – 8t
	(b)	0 = 90 – 8t     t = 11 s       


	(c)	 a = ,   = -8,  a = -8 m s-2  


2.	a = ,   ,  v = at + k
when t = 0,  k = u,  where u is the velocity at  t= 0	
giving v = u + at     [you must  show clearly that the constant of integration is u]



3.	  = u + at	
	  s = ut + ½ at2 + k,    at t = 0  s = 0, the origin of displacement is taken at t = 0.
	 hence k = 0  and s = ut + ½ at2     [you must show clearly that k = 0]

4.	    s = 8 – 10t + t2


	 =  -10 + 2t    and   = 2,   the acceleration is 2 units
The acceleration is constant.  It does not depend on time t.
	Hence the unbalanced force is constant, F = ma, and the mass m is constant.



5.	(a)	 = 9t2 + 5,   = 18t,  a = 18t
	(b)	The acceleration is a function of time, so it is not constant.


6.	(a) 	 = 5 + 2t,  v = 5 + 2t

	(b)	= 2, a = 2 m s-2
	(c)	6 = 5t + 2t2   0 = t2 +5t –6  =  (t + 6)(t -1)  hence t = 1 s  [t is positive]
	(d)	v = 5 + 2t   velocity = 7 m s-1   at t = 1


7.	    giving v = at + k,  at t = 0 v = 3  given,  hence k = 3,  
	thus  v = 4t + 3,   a = 4 given,


8.	
	s  =  2t + 3t2 +k.  assume s = 0 at t = 0 hence k = 0  
s  =  2t +3t2

9. [image: ]




TUTORIAL 2.0

Angular motion


1.	360o = 2 radians, hence to convert from degrees to radians multiply by 
	/6 (0.52), /4(0.78), /2(1.57), ,  1.5 x ,  2
	[Notice that 360o is 6.28 radians, it is useful to get a feel for the size of a radian] 


2.	To convert from radians to degrees multiply by .
	57.3o,  573o, 5.73o, 180o, 360o, 90o, 30o  [Notice 1 rad is just under 60o]


3.	One revolution is 2 radians. Hence 1 revolution per minute is  rad  s-1. 
	3.46 rad  s-1,  4.71 rad  s-1,  8.17 rad  s-1,  31.4 rad  s-1  




4.	(a)		(b)	 = 	(c)	 = 

5.	t,   = t + ½t2,    
	where  is the angular velocity at time t, is the initial angular velocity at t = 0 and  the angular displacement.

6.	(a)	t,   = 200 – 5 x 4   gives    =  180 rad s-1 
	(b)	t + ½t2,    = 200 x 4 - ½ x 5 x 42   gives    = 760 rad



7.	(a)	t,      =    + 8   gives  = 29 rad s-2

	(b)	t + ½t2,  =  + ½ x 29 x 82  gives  = 1.60 x 103 rad 
	(c)	255 revolutions  

8.	(a)	(i) 	t, 03 x 5,  15 rad s-1
		(ii)	 t + ½t2     = 0 + ½ x 3 x 25  =  37.5 rad
	(b)	v = r  = 1.5 x 15 =  22.5 m s-1

9.	(a)	(i)	Time for one revolution = 365 x 24 x 60 x 60 = 3.15 x 107 s
  = 2.0 x 10-7 rad s-1		
		(ii)	Time for one revolution = 28 x 24 x 60 x 60 s		  = 2.6 x 10-6 rad s-1
		(iii)	Time for one revolution = 24 x 60 x 60 s		  = 7.3 x 10-5 rad s-1
		(iv)	  = 7.3 x 10-5 rad s-1 since one revolution per day
	(b)	using v = rfor each of the above with the orbit radius in metres
		(i)	2.0 x 10-7 x 1.5 x 108 x 103  =  30 000 m s-1
		(ii)	2.6  x 10-6 x 3.8 x 105 x 103  =  990 m s-1
		(iii)	7.3 x 10-5 x 6.4 x 103 x 103  =  470 m s-1
		(iv)	7.3 x 10-5 x 3.6 x 104 x 103  =  2600 m s-1



10.  Consider a particle moving with uniform speed in a circular path.
		  =  
The rotational speed v is constant,    is also constant.
T  is the period of the motion and is the time taken to cover 2 radians.
		  =  	but	v  =  
		




TUTORIAL 2.1

Angular motion

[image: ][image: ]


TUTORIAL 3.0

Central force

1.	(a)	ar = r2
	(b)	angular acceleration has the unit rad s-2, radial acceleration has the unit m s-2
	(c)	angular acceleration is the rate of change of angular velocity 	radial acceleration is the rate of change of linear velocity which is directed to the centre of the circular motion

2.	
	[image: ]
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The particle travels from A to B in time t and with speed  v, thus  | u |  =  | v |  and 
v = v + (−u)  which is  v = v − u     
t = =  
	average acceleration,  aav =  =  
						=    =   
	As  tends to 0,  aav tends to the instantaneous acceleration at point Q:
 	a =   . [] 		but [] = 1  
 	when  is small and is measured in radians sin  = .
	since  v = r

3.	
0
0
0























4.	(a)	F = mr2    56 = 0.15 x 1.2 x 2   giving    =  18 rad s-1

	(b)  85 rpm  = (85 x 2 / 60) rad s-1
F = mr2     56 = 0.15 x  r x  giving r = 4.7 m

	5.  (a)
	
	 


(b)	a =  = 	
	 a = 3.5 m s-2


	     (c)Y


mg
X
O
T

		
		Central force is T sin	


	T sin  = m  (since sin  = )

[bookmark: _GoBack]	T x =  0.2 x 3.5
	T =  2.1N




6.	(a)	At the top
	
	T  + mg  = mmg
[image: ]
T
mg
+


		T  = m - mg

		    =  3.0 x   -  3 x 9.8
		 Tension at top  =  227 N

	(b)	At bottom

		mg + (-T) = m

		T – mg  = m
		Tension at bottom =  285 N
	




7.	Weight of car = mg  and central force   = m
	Car will leave road if central force just equals weight of car 

	hence greatest speed is when g =  and v = 18.5 m s-1 


8.	(a)	F = m r2  =m x 5 x (20 x)2  hence F/m  =  22 N kg-1  = 2.2g

	(b)	F/m = 3 x 9.8 = 5 x (Rot rate x )2  thus  rotational rate = 23 rpm.

9.	The centripetal force on an object undergoing circular motion is the inwards force towards the centre of the circle which keeps the object rotating in a circle.
	The centrifugal force is the apparent force in an outward direction on a rotating object.

TUTORIAL 3.1

Circular Motion
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TUTORIAL 4.0

Torque and moment of inertia

1.	(a)	The moment of a force is the turning effect of a force about an axis.  The magnitude of the moment of a force is the force multiplied by the perpendicular distance from the direction of the force to the turning point.
	(b)	Using a long handled screw driver to lever off a paint tin lid.
Using a bottle opener to remove the cap from a bottle.

2.	(a)	T = F x r  where F is the tangential force and r is the perpendicular distance from the direction of F to the axis of rotation.
	(b)	T = I   where  is the angular acceleration and I is the moment of inertia.

3.	The mass of the object and the distribution of the mass about a fixed axis.

4.	The moment of inertia depends on the distribution of the mass about an axis.  The contribution of each particle of mass in the rod to the moment of inertia is mr2 where r is the perpendicular distance to the axis.  For the rod about the axis through its centre more of the mass is at smaller distances from the axis so this arrangement will have the smaller moment of inertia.


	(For interest   Irod(centre) =   and Irod(end) =  .)

5.	I = mr2  =  MR2 = 2 x 0.82 = 1.28 kg m2     
	Assuming all the 2.0 kg mass (M)  is all at a distance of 0.80 m (R) from the axis.
The mass of the spokes has been neglected, given as very light.

6.	(a)	T = F x r   =  8 x 0.3  = 2.4 N m
	(b)	T = I  thus  2.4 = 0.4 x      and  = 6 rad s-2


	(c)	0 + 2 x 6 x    since  =  x 2
		= 14 rad s-1.

7.	(a)	I = mr2 = 0.25 x 0.22  =  0.01 kg m2   (all the mass is at 0.2 m from the axis.)
	(b)	T = I T = 0.01 x5giving  T = 0.05 N m

8.	(a)	IEarth = 0.4 x 6.0 x 1024 x (6.4 x 106)2  =  9.8 x 1037 kg m2
		Assume the Earth is a sphere of uniform density.
	(b)	Earth makes one revolution (2 radians) in 24 x 60 x 60 s  
hence  = 7.272 x 10-5 rad s-1
		v = r  = 6.4 x 106 x 7.272 x 10-5  = 465 m s-1
		(It is interesting to convert this to miles per hour to get a feel for the speed!)

9.	(a)	Moment of inertia of roundabout and child P = 500 + 50 x 1.252 = 578 kg m2
		T = I  200 - 25 = 578 x  =  0.303 rad s-2
		Maximum angular velocity   t,  = 0 + 0.303 x 3 = 0.91 rad s-1
	(b)	When decelerating -T = I  25 = 578 x  =  -0.0433  rad s-2
		t,    = 0.91 – 0.0433 x t,  t = 21 s  

TUTORIAL 5.0

Angular momentum and rotational kinetic energy

1.	(a)	In the absence of external torques, the resultant angular momentum of a rigid body before impact is equal to the resultant angular momentum after impact..
	(b)	L = I 
	(c)	Erot = ½ I2


2.	 = 120 x  = 4 L = I  = 0.25 x 4L =  0.020 kg m2 s-1



3.	(a)	 = 40 x ,       v = r     v  =  20 x 40 x   =  84 m s-1
	(b)	L = mvr = 2 x 84 x 20  = 3.4 x 103 kg m2 s-1 (or use L = I  with I = 2 x 202) 
	(c)	zero


4.	(a)	Total angular momentum before  =  total angular momentum after
           20 x 10 x 		      = total angular momentum after
		angular momentum after shafts are locked together =  21 kg m2 s-1
	(b)	L = I ,     21 =  (20 + 30) x ,            = 0.42 rad s-1 

5.	Torque, angular velocity, tangential force, angular acceleration.

6.	(a)	Moment of inertia of roundabout = ½ MR2  =  ½ x 250 x 1.52   =  281 kg m2
		Total moment of inertia = 281 + (40 x 1.52) + (60 x 0.752)   = 405 kg m2

	(b)	Ek(rot)  =  ½ I 2  =  ½ x 405 x   =  2.7 kJ

7.	(a)	Ek(rot)  =  ½ I 2  =  ½ x 2.5 x 22  =  5 J
	(b)	New  Ek(rot)  =  ½ x 2.5 x 152 =  281 J   Energy required = 281 – 5  =  276 J

8.	(a)	The hollow cylinder has the larger moment of inertia.  The moment of inertia depends on the square of the distance of the mass from the axis of rotation.  For the hollow cylinder most of the mass is at a distance equal to the radius.  For the solid cylinder much of the mass is at a distance less than the radius.	
	(b)	No.  The length of the cylinder does not affect the distribution of the mass about this axis.  Only the radius of the cylinder will affect the moment of inertia of each cylinder.

9.	(a)	Ep = mgh  =  3 x 9.8 x 0.3 sin40  =  5.7 J   (change in height = 0.3 sin40)
	(b)	Change in Ep 	=  change in Ek(linear) + change in Ek(rot) 
		        5.7         	=   ½ m v2  - 0	  +   ½ I 2   -  0    (But I = ½ MR2  and v = R)

			        5.7	=    ½ M v2    +  ½ x (½ MR2 ) x 
			     		=    M v2 { ½ + (½ x ½ )}  =  v2 (3 x 0.75)
		           v 	=  1.6 m s-1    (Notice how the equation can be simplified)




10.	Total angular momentum before	 =  total angular momentum after
           I x 40 x  +  0	=  {(0.05 x 0.082) x 33 x }  + I x 33 x 
				I (40 – 33)		=  0.05 x 0.082 x 33  
							I 	= 1.5 x 10-3 kg m2 

11.	Total angular momentum before	 =  total angular momentum after
		5.0 x 10-3 x 3  +  0		 =   (5.0 x 10-3 + 0.2 x 0.062) 
								 =   2.6 rad s-1

12.	(a)	Total angular momentum before	=  total angular momentum after
			1.5 x 30			=     10 x 
			 =   4.5 rad s-1
	(b)	Initially kinetic energy = ½ I 2  =  ½ x 1.5 x 302  =  675 J
		Final kinetic energy  ½ x 10 x 4.52  =  101 J
Change in kinetic energy  =  574 J   
	(c)	The skater will have supplied some energy to move her arms.

13.	(a)	The moment of inertia is altered when the distribution of the mass about the axis alters.  Angular momentum is conserved in the absence of external forces.  L = I , hence if the moment of inertia is reduced the rotational speed must increase for L to remain unchanged.
	(b)	Total angular momentum before	=  total angular momentum after
							5.0 x 3.0		=     I x 25
									I  	=   0.6 kg m2

14.	Total angular momentum before	=  total angular momentum after

			0						=    3 x (20 x 22) x  +  300 x 
	   =   − 1.2 rad s-1    (Notice that the roundabout moves ‘backwards’)

15.	Total angular momentum before	=  total angular momentum after



					I x 100 x 		=     0.02 x 0.052 x 75 x   +  I x 75 x 	
								I  	=  1.5 x 10-4  kg m2

16.	(a)	v = r   =  20 x 103 x 30 x 2=   3.8 x 106 m s-1

	(b)	density =    =   5.9 x 1016 kg m-3
	(c)	Volume of 1 kg of star = 1/(5.9 x 1016)  =  1.7 x 10-17 m3
		Volume of star for 1.675 x 10-27 kg (a neutron) =  2.8 x 10-44 m3
		Assuming a cubic cell, length is cube root of volume, length = 3 x 10-15 m
		Average spacing is approximately 1.5 m  (diameter of neutron is 2 x 10-15 m)
		(Notice that this is very small – consider the atomic size)




TUTORIAL 5.1

Torque, Moments of Inertia and Angular Momentum
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Force against angular velocity
0	1	2	3	4	5	6	7	8	9	10	0	6	24	54	96	150	216	294	384	486	600	angular velocity/rad s-1
Force/N

Force against mass
0	1	2	3	4	5	6	7	8	9	10	0	6	12	18	24	30	36	42	48	54	60	mass/kg
force/N

Force against radius
0	1	2	3	4	5	6	7	8	9	10	0	6	12	18	24	30	36	42	48	54	60	radius/m
force/N
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