Activity 1.6 - Physics 30 - Conservation of Momentum — Unit 1

Pre-test assignment - due date:

This assignment must be completed (including concept map) in order to be eligible for rewrite.

1. a) A truck with 2 mass of 1.20 = 103%ehas its brakes applied for 5.50 s as it élows down from 24.0 m/s,
west, to 10.4 m/s, west. Determine the magnitude and direction of the impulse provided by the brakes.
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b) Calculate the average braking force.
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2. The following graph describes the velocity of a 0.140-kg baseball before, during, and after being struck
by a bat.
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a. What is the change in the momentum of the baseball? "P = M (VF - ‘/:)
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b. What force was necessary to provide the impulse indicated by the graph? 3
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3. Ajetflies west at 190 m/s.
(a)  Whatis the momentum of the jet if its total mass is 2250 kg?
(4.28 x105 kg'm/s [W]) S Y

= v
P=92§ok$-l‘70
2 Y4 2@ R 10" Kyom, [ W]

W

(b}  What would be the momentum of the jet if the mass was 4 times its original value and
the speed increased to 6 times its original value? propotoned ba
(1.03 x107 kg-m/s [W]) pol iV
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The risk of a motorist becoming fatally injured in a vehicle collision is reduced when
‘an airbag or a seatbelt is used because the airbug or seatbelt __i __ change in
momentum by ¥l the stopping force the motorist experiences.

The statement above is completed by the information in row
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5. From the graph to the right, what is the
magnitude of the impulse provided to a

48.0 g tennis ball that is served due south? % 5000y
What is the velocity of the ball when the & 5000
racquet and ball separate? (2.85 N-s [S], §Rm/s [S]) @
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6. Arailway car with a mass of 8.30 x 104 kg is moving west at 6.25 m/s when it collides with another car
with a mass of 9.64 x 104 kg moving east at 7.00 m/s. The fwo freight cars join together at impact

a. What is the common velocity of the two cars after they join together?
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b. Calculate the magnitude of the impulse provided to each freight car in this collision.
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c. Classify the collision as elastic or inelastic using kinetic energy conservation. Show all calculations.
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d. How can momentum always be conserve while kinetic energy is not always conserved'?

Momentum in an isolated system is always conserved. This law is a direct result of
Newton's third law of motion where the change in momentum of one object is equal

and opposite the change in momentum of the other object. The combined change
in momentum is zero.

Kinetic energy, on the other hand, can easily be transformed into heat, sound, and ;
the deformation of objects. The Conservation of Energy (i.e. the total amount of ‘

energy in an isolated system does not change, but energy can be transformed into !
other types) does not depend on Newton’s Laws 1
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7. Abilliard ball (A) with a mass of 0.165 kg is travelfing at 4.2 m/s. If strikes ball B, which is identical to ball
A and is stationary. Ball A continues on at an angle of 25° to the left of its original direction, while bali B
moves 65° to the right.

a. Draw a vector diagram to show how the law of conservati?n of momentum could be applied to this
situation.

b. Use a vector diagram and suitable calculdtions to determine the speeds of ball A and ball B after the
collision.
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8. A 16.0 kg object traveling east at 30.00 m/s explodes into two pieces. The first part has a mass
of 10.0 kg and it travels away at 35.00 m/s [45© N of E]. The second part has a mass of 6.0 K. fom aza!l-,‘l
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9. A20 kg bomb is at rest. The bomb explodes into three pieces. A 2.50 kg piece moves south at
350 m/s and a 14.0 kg piece west at 95.0 m/s. What is the velocity of the other piece?

m 5 %S Hint: since the initial momentum s 0,

the sum of the momentum vectors
after the explosion will also add up to

- / 0. Start by drawing a vector diagram.
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Use the following information to answer the next question.

In a movie stunt, a car and a train locomotive intentionally crash. The collision is illustrated
in the diagram below.

Train track Train locomotive
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The magnitude of the momentum of the truck-train system immediately before the
collision, expressed in scientific notation, is a.b x 10° kg-m/s. You will need to record the
values of @ and b.

The direction of the momentum of the truck -train system immediately before the collision
is ef degrees, north of west. You will need to record the values of e and f.

-Thevaluesofa,b,e,andfarc Lll , [) . ) , and 3
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As a child catches a ball, he exerts a force, F, on the moving ball for a time
interval, ‘At. The mass of the ball is 250 g and its velocity changes from
+5.00 /s to +1.00 m/s as a result of the force.

3. The magnitude of the impulse that the child applies to the ball is
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A 2 100 kg van collides with a 1 200 kg car that is at rest. They lock together
and move tocether at a speed of 4.50 m/s. The initial speed of the van s

s 10 wnelahz
(Record your three-digit answer in the numcncal-rcsponsc section on the answer sheet.)
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A smgle stauonary railway car is bumped by a five-car train moving at 9.3 knvh.
The six cars move off together after the collision. Assummg that the masses of all
the railway cars are the same, then th the speed of the new six-car train immediately
after impact is f
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Momentum is éonsewed during which of the
following?

. elastic collisions
1. inetastic collisions
. explosions
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A 1.0 kg physics puck is at rest when a small explosion breaks it into three pieces.

A 0.50 kg piece goes porth at 10 m/s and a 0.30 kg piece goes east at 20 m/s. What is the

magnitude of the momentom of the third piece?
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A 0.50 kg puck moving at 2.0 m/s collides obliquely with a stationary 0.30 kg puck.
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After the collision the 0.30 kg puck moves as shown. 1Y kg J
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7. What is the speed of the 0.50 kg puck after the collision?
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g A 1300 kg car moving east collided with a 2600 kg SUV moving north at 28 m/s. The vehicles

) became stuck together. If the speed of the vehicles immediately after the collision was 30 m/s,
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9. The area under which graph best represents the impulse delivered by a tennis racket to a ball?
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10. A 2.0 kg cart ravelling east at 4.0 m/s strikes a stationary 8.0 kg cart. After the collision, the
2.0 kg cart bounces back towards the west at 2.0 m/s , while the 8.0 kg cart travels east at
1.5 m/s . Which of the following is the change in momentum for each cart?
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11, A 5.0kg puck (A) moving at 0.80 m/s to the right collides obliquely with an identical stationary
puck (B). Puck B then moves at 0.60 m/s as shown.
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What is the magnitude of the momentum of puck A after the collision? > ;oé
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A 1.5 kg physics block is sliding at 8.0 m/s north when it is hit by a 0.40 kg ball of putty going

20 m/s west. The putty sticks to the block. What is the magnitude of their combined momentum
after the collision? L)~ viedns
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13, The physical quantity that can have the same unit as impuise is

A. force | A% = é/ 1

B. work = Zo\/ | %
C. power A% T - T #
Jmomentum . , kb,,\g L A = 1‘3 - /} |
Use the following information to answer the next question.
I Energy Scala~ séﬁ'{ - ,Vy,?mfuoﬂ@
H\ Displacement Vcd‘ﬂ- | o )z

HI Mass SCal et~
TV Acceleration VC""‘V—
V-, 'Force N

[ ’1‘ Which of the above terms reprosent scalar quantltles‘?

@ and IIT only

B. III and V only
C. L 1L and MI only
\B.\ I, IV, and V only

ST,

The foliowing statements all relate to a collision between any two objects ona horizontal
frictionless surface Which of these statements is always true?

15, a. ‘The kinetic energy of each object before.and after the collision is the same.
' B. The momentum of each object before and after the collision is the same. é_ S i f’ £
(CC2 The total momentum of the two objects before and after the collision is the same.
D.. With respect to the surface, the gravitational potential energy of each object before and
Con s D‘(
after the collision inCreases. , Iy
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In an inelastic collision, the énergy that appears to be missing‘ is convérted into
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A rock climber falls and is saved from injuries by a climbing rope that is slightly elastie.
The importance of the elasticity of the climbing rope can be understood in terms of impulse '
because elasticity results i in ,

1. é)? decreased force dunng an increased time interval ' . A% 1 f oy oé}rc‘b Mam;,)bﬁ

B: increased force during an increased time interval DA [
C. decreased force during a decreased time interval k
D.. increased force during a decreased time interval {‘qu F \L ]




Use the following information to answer the next two questions.

Force as a Function of Time
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This giaph shows the relationship between the force on 2 0.801 kg football and .
the time a kicker’s foot is in contact with the ball. As a result of the kick, the -
‘ ffoopball, which was ipitially at rest, has & final speed of 28.5 m/s.

18. The area under the ‘curve r_epresgnté the ' cne- = A’é T
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¢ A, work done on the object C $ "?’tge

, (B Ampulseexperienced by the object - ' ' S A .

., G. displacement of the object while the foree is being applied ‘ :

"+ D. acceleration of the object as.a result of the net force being applied }f" Qf =, a:/e(’L’
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19. The maguitude of the maximum ferce, Fmax, exerted o the ball during the kicking process,
expressed in scientific notation, is .5 x 10° N. The values ofa,b,andcare /4 |
o oyand . '
{Record all three digits of your answer in the numerical-response section on the answer sheet.)

A freight car mass 3000 kg is moving with a speed of 8.0 m/s when it hits and couples with
A%.  astationary 4000 kg freight car. The final spéed of the two freight cars together is
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