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1. A 3.00kg particle has a velocity of <3,-4>m/s. a) Find the x and y components of its 

momentum, b) find its magnitude and direction. a) <9,-12>kgm/s b) 15.0kgm/s, 

307º 

 

2. A particle of mass m moves with momentum of magnitude p. a) Show that the 

kinetic energy of this particle is given by p
2
/2m. b) Express the magnitude of the 

momentum in terms of its kinetic energy and mass. 

 

3. A 3-00kg steel ball strikes a vertical wall with a speed of 10.0m/s at an angle of 60˚ 

with the wall surface. It bounces off with the same speed and angle. If the ball is in 

contact with the wall for 0.200s, what is the average force exerted by the wall on 

the ball? 260N normal to the wall. 

 

 

4. A person holds a garden hose and at some point turns on the water, which we 

assume to have been static at the opening of the hose. The hose ejects water at a rate 

of 0.600kg/s with a velocity of 25.0 m/s. What is the reaction force on the hose? 

15N 

 

5. A 10.0g bullet is fired into a stationary block of wood with mass 5.00kg. The bullet 

embeds in the block and the speed of the wood-block with the embedded bullet is 

0.600m/s right after the collision. What was the original speed of the bullet? 301m/s 

 

 

6. A bullet of mass m and speed v passes completely through a pendulum bob of mass 

M. The bullet emerges on the other side of the pendulum bob with half its original 

speed. Assume that the pendulum bob is suspended by a stiff rod of length L and 

negligible mass. What is the minimum value of v such that the pendulum bob will 

barely swing through a complete vertical cycle. 

v 4
M

gL
m

  

 

 

7. A neutron in a nuclear reactor makes an elastic head-on collision with the nucleus 

of a carbon atom initially at rest. A) What fraction of the neutron's kinetic energy is 

transferred to the carbon nucleus b) The initial kinetic energy of the neutron is 

1.60E-13J (1.00MeV). Find its final kinetic energy and the kinetic energy of the 

carbon nucleus after the collision. (The mass of the carbon nucleus is 12.0 times the 

mass of the neutron.)  

 

 

Use the fact that for an elastic collision the relative difference in velocity of the 

incoming particles to the difference in velocity of the outgoing particles. 

v v v vni ci cf nf    

Also, express the energies in MeV (mega electron volt, 1eV=1.60E-19J). 

a) 0.284, b) 115fJ=0.716MeV c) 45.4fJ=0.284MeV 
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8. A billiard ball moving at 5.00m/s strikes another stationary ball of the same mass. 

After the collision the first ball moves at a speed of 4.33m/s at an angle of 30.0˚ 

with respect to the original line of motion. Assuming an elastic collision find the 

velocity of the struck ball after the collision. 2.50m/s at-60.0º 

 

 

9. An object of mass 3.00kg moves with an initial velocity of 5.00
m

i
s

and collides 

with and sticks to an object of mass 2.00kg with an initial velocity of 3.00
m

j
s

 . 

Find the final velocity of the composite object. 

<3.00, -1.20>m/s 

 

10. Four objects are situated as follows: 2kg at 3m, 3kg at 2.5m, 2.5 kg at 0, 4kg at -

0.5m. Find the center of mass of the 4 objects. 

Note: ;
i i

i
cm i

i

m r

R M m
M

 



 

Answer: <0, 1>m
 

 

11. A uniform piece of sheet steel is shaped as in the figure (see text).Find the 

coordinates of the center of mass. <11.7, 13.3>m. (3 squares to the right, 3 up, 2 to 

the right.  

Just find the cm of the individual pieces with their coordinates and then calculate:

1 1
 and ycm i i cm i i

i i

x m x m y
M M

    

 

 

 

 

12. A wire is bent in the shape of a semi circle of radius r. Its mass is M. Find the center 

of mass of the wire. 2R/π 

The cm is on the bisector on x =0.  
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13. A sheet of metal has the shape of a semi circle of radius r. Its mass is M. Find the 

center of mass of the piece. 4R/3π 

 

14. A rod of length 30.0 cm has a linear density 250 / 20 /g m xg m   where x is the 

distance from one end measured in m. a) Find the mass of the rod b) find the center 

of mass. 15.9g, 0.153m 

 

 

15. A 2kg particle has a velocity of v 2, 3
m

s
  , and a 3kg particle has the velocity of 

1,6
m

s
.a) Find the velocity of the center of mass and b) the total momentum of the 

system. a) <1.40, 2.40>m/s; <7.00, 12.0> kg∙m/s 

 

 

  


