Physics 12 Name:

The Ultimate Vector Momentum Assignment

Key Formulae:

p:mvande:F[I

REMEMBER, MOMENTUM IS A VECTOR!!!l YOU WILL BE DRAWNG TIP-TO-
TAIL VECTOR DIAGRAMS FOR MOST QUESTIONS, UNLESS NBNGLES ARE
MENTIONED!

9401

1

A 2.0 kg puck travelling due east at 2.5 m/s collides with a 1.0 kg puck travelling due south at
3.0m/s. They stick together on impact. What is the resultant direction of the combined pucks?

A. 31° SofE

B. 40° SofE

C. 50°SofE

D. 59°SofE
2.

A 5.20 kg block sliding at 9.40 m/s across a horizontal frictionless surface collides head on with a
stationary 8.60 kg block. The 5.20 kg block rebounds at 1.80 m/s. How much kinetic energy is lost
during this collision? (7 marks)



3.

Two gliders having equal masses, each travelling along a level frictionless track at the same speed,
approach each other head on. They stick together on impact and remain stationary at the point of
impact. Does this situation mean that momentum has been lost during this particular collision?

State your answer with supporting arguments which use principles of physics. (4 marks)
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4,
A puck sliding on a frictionless table undergoes a change in momentum due to a constant force.

Which of the following expressions could be used to deterimine the change in momentum?
FxAd

F x At

FxAv

F x(Av/ At)

Cow >



5.

A 4 000 kg space vehicle consists of a 2 500 kg main capsule and a 1 500 kg probe. The space
vehicle is travelling at 120 m/s when an explosion occurs between the capsule and the probe. As a
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Before

120 m/s
e

D 2500kg |1500kg

>

After

2500kg i;g %ISOOkg

main capsule

a) (i) Whatis the speed of the main capsule after the explosion?

(i) What is the magnitude of the impulse given to the probe?

140 m/s

probe

D

(3 marks)

(2 marks)

b) Define impulse and briefly explain why the impulse on the probe is equal in magnitude to the
impulse on the main capsule.

(4 marks)
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6.

Impulse is measured in which units?

A ]

B. N

C. N'm
D. N-s
9508

7.

Two carts collide while travelling on a smooth surface. It is found that the sum of the kinetic
energies of the carts after the collision is the same as before the collision. This collision must be

A. elastic.

B. inelastic.

C. between carts of identical mass.
D. between carts that stick together.

8.
In order to stop two sliding objects, the greater impulse must be given to the one having the greater
A. mass.
B. speed.
C. velocity.
D. momentum.
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9.
Which expression is equal to the net force on an object?
A AP
At
B L
At
C. mAv
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10.

A 60 kg girl and her 45 kg brother are at rest at the centre of a frozen pond. He pushes her so that
she slides away at 2.4 m/s. How much total work is done? (Ignore friction.)

Which of the following describes kinetic energy and momentum before and after a perfectly elastic

yv=2.4m/s

A. 58]

B. 170]

C. 3507

D. 400]J
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A. total energy.

B. total momentum.

p a f‘]’lﬁﬂﬂ'ﬂ ;1’\ ANAarov

C. achange in energy.

D. achange in momentum.
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12.

collision?

KINETIC ENERGY MOMENTUM

A. Not Conserved Not Conserved
B. Not Conserved Conserved
C. Conserved Not Conserved
D. Conserved Conserved




13.

A 0.30 kg ball rolls off a horizontal surface as shown in the diagram. What is the magnitude of the
impulse given to the ball by gravity during the 0.90 s it takes the ball to fall to the ground?

5.0 m/s
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14.

Two steel pucks collide as shown in the diagram below.

BEFORE COLLISION AFTER COLLISION

~— m
o/
m, =0.50 kg
m, = 0.30 ke
V2 :0

Determine the speed and direction (angle 0) of the 0.30 kg puck after the collision. (7 marks)
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15.

Which equation is a form of Newton’s second law?

—

T _Ap

A. F;let_ At

B. W=AE

C. E+E,=E +E,
AD

D. £€=-NA®
At

16.

A 5.0 kg object travelling at 1.6 m/s collides with an object of unknown mass m, travelling at
2.5 m/s. The two objects stick together and move towards the right as shown in the diagram.

m,=5.0kg

285~
2100 -7
/\/?; 2.5 m/s
N
m,

Find the mass of object m, .

(7 marks)
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17.

Which of the following is a correct unit for impulse?

A NI

). IN

B. -m
C. N/s
™ NT
. IN D

18.

A 0.15 kg ball travelling at 25 m/s strikes a wall and bounces back in the opposite direction at
15 m/s. The ball is in contact with the wall for 0.030 seconds. What average force does the wall
exert on the ball?

A. 25N
B. 50N
C. LOXI0*N
D. 2.0x10>° N
19.
A 3.0kg car A travelling 8.5 m/s on a frictionless track collides and sticks on to a

stationary 2.0 kg car B.

3.0kg 2.0kg

a) The combined cars will reach what height A? (5 marks)



b) The steepness of the slope is decreased as shown below.

New Slope
/ /
/
/
/
/
/
, /
8.5m/s )/
> ,
3.0kg 2.0 kg
- o %
. OX0) e
With this decreased slope, the combined cars will reach (check one response) (1 mark)

"1 alesser height.
[C1 the same height.

"1 a greater height.

c¢) Using principles of physics, explain your answer to b). (3 marks)
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20.

Two blocks are initially held together on a frictionless surface as shown in the diagram below.

string

m; = 0.40 kg\/\ m,=0.80 kg

3
\

spring

=

frictionless
ﬂ/ surface

When the string is cut, the blocks fly apart as shown.

m, = 0.40 kg m, =0.80 kg
v/ =1.20 m/s S 7 v}

= ooane —

What work was done on the blocks by the spring?

A GJ

B. 0.291]
C. 0.43]
D. 0.581J]
21.

A ball is thrown at 15 m/s towards various barriers. In which case does the ball experience
the greatest impulse?

A. The ball hits a wall and rebounds at 2.0 m/s.

B. The ball hits a wall and rebounds at 7.0 m/s.

C. The ball hits a wall, sticks to it and stops moving.

D. The ball breaks a window and continues moving at 10 m/s in the same direction.



22.

@ 5.0 kg
l

15 m/s

What is the velocity (speed and direction) of the smaller 2.0 kg fragment?

(7 marks)
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23.

24,

25.



9808
26.

9901
27.

28.



9908
29.

30.



0001
31.

32.



33.



0006
34.



0008
35.



0101
36.

37.

38.



39.



8501

40. A chromium nucleus of mass 52 amu moving anZ&collides obliquely with an
identical nucleus that is at rest, and the two @iutlove off at right angles to each other.
The final speed of the incoming nucleus is 24 nstermine the final speed of the
target nucleus, and its direction of motion relatiu that of the incoming nucleus.
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41.

An object of mass 0.092 kg which is initially astattains a speed of 75 m/s in 0.028 s.
What average net force acted on the object duhisgtime interval?

A. 1.2x16N
B. 25x 16N
C. 2.8x 16N

D. 49x 16N

8606

42.  Aball strikes a wall perpendicularly with anitial speed of 4.0 m/s, bouncing off
the wall at 4.0 m/s in the opposite direction. @hof the following statements correctly
compares the ball's momentum and kinetic energgrieednd after the collision
respectively?

Momentum Kinetic Energy
A. different different
B. the same the same
C. different the same
D. the same different

8606

43. A curling rock of mass 20.0 kg moving withanstant speed of 0.5 m/s collides
obliquely with a stationary rock of the same massmediately after the collision the
first rock moves off at 0.3 m/s. If the collisimperfectly elastic, what is the speed of
the second rock immediately afterwards?

A. zero

B. 0.20 m/s

C. 0.30 m/s

D. 0.40 m/s



Scholarship Questions! Nasty, but really neat!
9401
44,

b) What is the magnitude of the impulse exertethieyspring in stopping the block?
(3 marks)



9406
45.



9508
46.



8506

47.

A stationary life raft of mass 160 kg is carryimgptsurvivors with masses of 55 kg and
72 kg, respectively. They dive off the raft at Hane instant, the 55 kg person due East
at 4.4 m/s and the 72 kg person due North at 4s2 it what speed and in what
direction does the raft start to move? (10 marks)



8906

48.

A 15 g bullet traveling parallel to an inclined rarstrikes a 2.74 kg block of wood and
becomes imbedded in it. The impact drives thekbkodistance of 26 cm up the ramp.
The ramp is inclined at 28and the coefficient of friction is 0.40. Whatle speed of
the bullet just before impact? (20 marks)
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49. A 1.3 kg object is moving due East at 25 n/swdrictionless, horizontal surface.
When the first object strikes a second, statioda8ykg object, the 1.3 kg object rebounds
at 9.0 m/s in a direction 53 degrees north of w¥ghat percentage of the original kinetic
energy of the system is converted into other foomsnergy during the collision?

(10 marks)



Answers: 19.a) h=1.3 m

1. a b) The same height

2. KE=24.1J c) Energy is a scalar, so the

3. Conservation of momentum is a steepness of the slope is
vector concept. Both gliders irrelevant. All of the kinetic
have same mass and same speed, energy will be transferred to
so the magnitude of their potential energy in both cases,
momentum is the same, but their and since both cases have the
direction is opposite. One glider same initial kinetic energy, the
has a momentum of +p, one final potential energy will also be
glider has a momentum of —p, so the same, and so will the final
the total momentum before height.
impact is zero. After the 20.c
collision, the momentum is still 21.b
zero, so momentum has been 22.v=56nys@42 NofE
conserved, and no momentum 23.b
has been lost. 24.b

4. b 25.DKE =F d and ad increaseB, decree

5. a)i)v=11x16m/s Dp =FDIt, and asD increaseB, decres

i) Dp _3'0, 10 N« ) Both the increase in time of
b) Impulse is a change in _ impact and increase in distance
momentum. Since momentum is of impact lower the force
conserved, the momentum gained transferred to the occupants.
by the probe must equal the 26.b
momentum lost by the capsule. 27.b

6. d 28.d

7.a 29.b

8. d 30.h=0.11m

9. a 3L.b

10.a 32.b

11.d 33.c

ig'd 34.v=55nsg = 32

14.v=2.1ny s,g = 47 35. Z; 35:) )i;églfgl?ﬁxs

15.a Lo .

16.m,=4.19 kg p)l) in an explosion, momentum

17.d is conserved, so no change

18.d i) the explosion adds kinetic

energy to the system, so the
system will gain kinetic energy



36.cC
37.c
38.c
39.h=6.0m

40.v=10ny s@ 67 S ofE
41.F =246 N

42.c

43.d

44.a) v=3.6 m/s b) 18 kg m/s
45. Dp =5.20kg m/s
46.d=3.25x 16m
A7.v=2.4m) s@51 S of W

48.v=3.8x 16 m/s
49.44.8%



