
 Momentum and Impulse AP Physics – Mr. Hall

W O R K S H E E T   # 4

Name: 

1. One of those Civil War cannons is fired.  The cannon has a mass of 875 kg.  It fires a 35.0 kg cannon
ball at a velocity of 145 m/s at an elevation angle of 35.0°.  The length of the barrel is 2.10 m. (a) What
is the recoil velocity of the cannon? (b) What is the KE of the cannon ball as it leaves the cannon? (c)
How far does the cannon ball travel in the horizontal direction?  (d) What is the KE of the cannon ball
at the top of its trajectory?  (e) What is its momentum at this point?

ball ball cannon cannona. m v  = m v

cannon35.0 kg A 145 m/s = 875 kg A v

cannonv  = 35.0 kg A 145 m/s / 875 kg = 5.80 m/s

b. KE = ½ mv  = 0.5 A 35.0 kg A (145 m/s)  = 367 937.5 J = 2 2 368 000 J or 368 kJ

horizc. v  = 145 m/s A cos(35°) = 118.7770464 m/s

vertv  = 145 m/s A sin(35°) = 83.16858327 m/s

vert it  = (v-v )/a = (-83.16858327 m/s - 83.16858327 m/s)/9.8 m/s  = 16.97318026 s = 17.0 s2

horiz horizd  = v  A t = 118.7770464 m/s A 16.97318026 s = 2016.024219 m = 2020 m

d. KE = ½ mv  = 0.5 A 35.0 kg A (118.7770464 m/s)  = 246 889.7682 J = 2 2 247 000 J or 247 kJ

e. p = mv = 35.0 kg A 118.7770464 m/s = 4157.196624 kgAm/s = 4160 kgAm/s

2.  A 0.15 kg ball is thrown with a speed of 20.0 m/s.  It is hit straight back at the pitcher with a final
speed of 22.0 m/s.  (a) What is the impulse delivered by the bat to the ball?  (b)  Find the average
force exerted by the bat on the ball if the two are in contact for 2.0 x 10  s-3

a. J = F A t = mÄv = 0.15 kg A 42.0 m/s =     (ball changed direction so Äv = 42 m/s)6.3 kgAm/s

b. J = F A t

F = J/t = 6.3 kgAm/s / 2.0x10  s = 3150 N =  -3 3200 N or 3.2 kN



3.  A railroad car of mass 2.00 x 10  kg moving at 3.00 m/s collides and couples with two coupled4

railroad cars, each of the same mass as the single car and moving in the same direction at 1.20 m/s. 
(a) What is the speed of the three coupled cars after the collision?  (b) How much kinetic energy is
lost in the collision?

1 1 23 23 123 123a. m v  + m v  = m v

123 1 1 23 23 123v  = (m v  + m v )/m

123v  = (2.00x10  kg A 3.00 m/s + 4.00x10  kg A 1.20 m/s)/6.00x10  kg = 4 4 4 1.80 m/s

1 1 23 23b. KE = ½ m v  + ½ m v2 2

KE = 0.5 A 2.00x10  kg A (3.00 m/s)  + 0.5 A 4.00x10  kg A (1.20 m/s)  = 118,800 J4 2 4 2

123 123KE’ = ½ m v  = 0.5 A 6.00x10  kg A (1.80 m/s)  = 97,200 J2 4 2

ÄKE = KE’ - KE = 97,200 J - 118,800 J =  - 21,600 J

4. A 2.35 kg ball moving at 4.20 m/s to the right hits a 3.45 kg ball head-on that is traveling at 3.50 m/s to
the left.  The second ball ends up going to the right with a velocity of 2.50 m/s. What is the velocity of
the first ball after the collision?

1 1 2 2 1 1 2 2m v  + m v  = m v ' + m v '

12.35 kg A 4.20 m/s + 3.45 kg A (-3.50 m/s) = 2.35 kg A v ' + 3.45 kg A 2.50 m/s

1v ' = (2.35 kg A 4.20 m/s + 3.45 kg A (-3.50 m/s) - 3.45 kg A 2.50 m/s) / 2.35 kg =  - 4.61 m/s

5. A 10.5 g bullet is fired into a 8.50 kg wooden block that is hanging straight down,
suspended by a 1.50 m length of light line.  The bullet stays in the block.  The block
swings outward, so that the line it hangs from makes an angle of 7.00° to the vertical. 
(a) What is the velocity of the bullet before it strikes the block?  (b) What is the loss of
energy in the collision?

a. Äh = 1.50 m - 1.50 m A cos(7.00°) = 0.0111807725 m

ÄKE = ÄPE

½ mv  = mgÄh2

v  = 2 A 9.8 m/s  A 0.0111807725 m = 0.2191431417 m /s2 2 2 2

v = 0.4681272709 m/s  (initial v of bullet and block)

bullet bullet block and bullet block and bulletm v  = m v

bulletv  = 8.5105 kg A 0.4681272709 m/s / 0.0105 kg = 379.4282989 m/s = 379 m/s

block and bullet block and bullet bullet bulletb. ÄKE = ½ m v  - ½ m v2 2

ÄKE = 0.5 A 8.5105 kg A (0.4681272709 m/s)  - 0.5 A0.0105 kg A (379.4282989 m/s)2 2

ÄKE = - 754.8881197 J =  - 755 J


