Momentum and Collisions Name:

Momentum, Impulse and Momentum Change

Read from Lesson 1 of the Momentum and Collisions chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/momentum/u4lla.html
http://www.physicsclassroom.com/Class/momentum/u4l1b.html

MOP Connection: Momentum and Collisions: sublevels 1 and 2
Momentum
1.  The momentum of an object depends upon the object's . Pick two quantities.

(@ mass - how much stuff it has
b. acceleration - the rate at which the stuff changes its velocity
c. weight - the force by which gravity attracts the siuff to Earth
velocity - how fast and in what direction it's stuff is moving
e. position - where the stuffis at

2. Momentumisa quantity.
a. scalar ®) vector
3.  Which are complete descriptions of the momentum of an object? Circle all that apply.
a. 2.0kg/s (b) 7.2 kgem/s, right c. 6.1kgem/s2, down CCTLow
d. 42 m/s, east 1.9 kgem/s, west @2.3 kgem/s 4 4ve & —we D
4.  The two quantities needed to calculate an object's momentum are _{\WAS%  and _ VEVOGNTY
5.  Consider the mass and velocity values of Objects A and B below. Oyect A Olyect B
Compared to Object B, Object A has ___ momentum. = =
(@ two times the * b. four times the = |4kg = |2kg
c. eight times the d. the same — =
e. one-half the f. one-fourth the w=4mfs v=4m/s
g. ... impossible to tell without knowledge of the F and a.
6. Calculate the momentum value of ... . {Include appropriate units on your answers.)
a. ... a 2.0-kg brick moving through the air at 12 m/s.
p= ¥ = (Ror)izmle) o 3 Kg-wls

b. ... a 3.5-kg wagon moving along the sidewalk at 1.2 m/s.

7. With what velocity must a 0.53-kg softball be moving to equal the momentum of a 0.31-kg baseball
moving at 21 m/s?

p= (D,Z\Kﬁ\( 2\ wle) p= am V
= ‘0»5‘ \(3~w’,( \7:_72. = (o’g[ Kj-m’f
Impulse and Momentum Change L = |12.2% mlS

8. Insert these words into the four blanks of the sentence: mass, momentum, e

acceleration, time, impact, weight, impulse, and force. (Notevery
word will be used.)

In a collision, an object experiences afn) __ _ [ ORLE _acting fora
certain amount of Time ___and which is known as a(n)

\MPULJE it serves to change the  MOMENTYM  of the object,
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Momentum and Collisions '
9. A(n)_IMPur S¢ cauvsevs‘ and is équal to a change in momentum.
a. force b. impact c. impulse d. collision
10. Calculate the impulse experienced by ... . (Show appropriate units on your answer.)
a. ... a 65.8-kg halfback encountering a force of 1025 N for 0.350 seconds.
T= Tk = (1025%)(0-75%5) = 359 Nes
b. ...a0.168-kg tennis ball encountering a force of 126 N that changes its velocity by 61.8 m/s.
Ap=T Ap= (0-10% kgL G1.6wls)
= 104 G cmls Te 104 Neg
11. Determine the impulse (I), momentum change (Ap), momentum (p) and other values.
A 7-ball collides with the 8-ball. A moving medicine ball is caught by a girl on ice skates.
= - 0 N> =7 =1“
I 3 s / m :::g = -SOHNe=s m ) kg o
— Ke - wm = 5 =_4<L£
Ap=_— 0.3 Ky wle _ Ap= =59 Kq. wals .
m=0.1 kg h :‘f@ ‘ 5 iy
wv=4m/s = ‘ - :
0 ] ey / e
Py= b0 g - wmls

- ’J-f }(7,,\4 )>
I=
= 14 000 Kg.ual¢
= 4.4

0

M=
lbCOD N
&p

I=
Ap= {geco '(\iem/s
t=30s

FaPP =mN -
P3=

Q@ =
2 —_—
A car is at rest when it experiences a forward propulsion force to set it in motion. It then experiences
a second forward propulsion force to speed it up even more. Finally, it brakes to a stop.
L boC N-£
Ap=— 54 000)(3 cwmlg

Stopped

P4~

S 0o0pg- s

L

#it rest t=40s

000 Kg-m

O Py= 1b Rg-mls
A tennis ball is at rest when it ‘experiences a forward force to set it in motion. It then strikes a wall

where it encounters a force that slows it down and finally turns it around and sends it backwards.
I= bM‘SIL‘ I= H4.¢ N.5,
ﬂp: b Ki'.”‘sj L, &P= t{-$ Fj"“rsv L
Femll =120N
Moving
t=
0045 Laf

I=_ b Ny 4
Ap=_b Kgemb R
= | Feall=_12° N, (
Cot=bess
- o -
Py=

Pq=
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Momentum and Collisions

Name:

Controlling a Collision

Read from Lesson 1 of the Momentum and Collisions chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/momentum/u4lla.html
http://www.physicsclassroom.com/Class/momentum/u4l1b.html

MOP Connection: Momentum and Collisions: sublevel 3

Review:

1.

3.

Dot s
ns
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A halfback (m = 80 kg), a tight end (m = 100 kg), and a lineman (m = 120 kg) are running down the
football field. Consider their ticker tape patterns below.

I_ineman—'IIIIIIIIl‘llllllllllllllll

Tight End —+- » ] . . . ] " . . ] .

Halfback - . & o . . . . . . . .

The lineman's velocity is 3 m/s (right). The tight end's velocity is le__m/sand the halfback's

velocity is m/s. Which player has the greatest momentum and how much momentum does
he have? NALE 84¢x Explain.

o - Y : bbogs-wle
= (129 %9 ){ 2umte)z FLowq mis pr = Lioorg) Lomls) = g
PL )L : 1 Dy = (%LKaiLqﬂlgjs q'ao K?-Mis
A football fullback is running down the field at constant speed until he encounters a defensive back.
The dot diagram depicts the motion of the fullback.

Indicate on the dot diagram (by means of an arrow) the apprt)ximate location at which the fullback-
defensive back collision occurs.

Which direction (right or left) does the force upon the fullback
act? _L€FT  Explain how you know.

SLQWS Dowwn =z For Lt 47 A A
RESYST  ®  MusT  ge  pPPosTe MoTON

What happens to the momentum of the fullback upon colliding
with the defensive back?

17 DecrimsEs kS v DecReASES

Using the F*t = m*Av Equation to Analyze Impulses and Momentum Changes:

Two cars of equal mass are traveling down Lake Avenue with equal velocities. They both come to a
stop over different lengths of time. The dot diagrams for each car are shown below.

Car A, . . L. ﬁ
CarB. . . .. . =+« + « & . _&

Which car (A or B) experiences the greatest acceleration? __ A Explain.
Which car (A or B) experiences the greatest change in momentum? SAME Explain.
Which car (A or B) experiences the greatest impulse? SKME Explain.

Which car (A or B) experiences the greatest force? A Explain.

-A = —
SAME pgTAN Ce vl = SamE (/s = Same A MecmENTUM
foTH Cme To  5Tof. A  hHowevew  sTops N LESS '(;me
AND  Tiaws  wovt? Mwve R GREWTER age3

Fe¢ =




Momentum and Collisions

4. When a boxer recognizes that he/she will be hit by an
opposing fist, he/she rides the punch. Use physics to explain

why. AMomeepTIM 1S SAMES IV GoTH
stG (6T @mEs To 5T0e), Ripene  Twe
poncn 4 Time wver wie e AMowmENTUM bccons, c 4 F R

5. Mountain climbers use nylon safety ropes due to their tendency to stretch considerably under stress.
Use physics to explain why.. &
: . ‘ CviRS 3
& TME R wlc THE AmowmgnTum BEETES . VE 43

DN CLUm8ER T THEM Pl

Consider the diagram at the right for Case & Case B
the next three questions. The

diagram depicts Before and After ¥i=5 m{s ¥;=5 mfs
velocities of an 800-kg car in two- e ﬁ. 1
different collisions with a wall. In

case A, the car rebounds upon v.=4m ;3*_ 'ﬁ v.=0 m/s
collision. In case B, the car hits the f f

wall, crumples up and stops. Assume that the collision time for each collision is the same.
6.  Inwhich case does the car experience the greatest momentum change?
@ Case A b. Case B c. Both the same d. Insufficient information

7. In which case does the car experience the greatest impulse?
Case A b. Case B c. Both the same d. Insufficient information

8. Theimpulse encountered by the 800-kg car in case A has a magnitude of ___ Nes.
a. 0 b. 800 c. 3200 d. 4000
(e) 7200 ; f. Not enough information to determine.

9.  Evaluate the potential hazard to a passenger involved
in a head-on collision in which the two cars stick
together compared to when they rebound upon
impact. Explain.

4 rebound is a special
type of collision involving
a direction change - the

result is a large &v.

ArBounp  chusES  a GCREATER A memEnTum
AND T Time o wic  foRee (£S AYLIEDY 1§ THE
Same | The folet  ExfiRian(y wite Bg 4

10. The diagram below depicts the changes in velocity of a ball that undergoes a collision with a wall.
Indicate which case (A or B) has the greatest change in velocity, greatest acceleration, greatest
momentum change, and greatest impulse. Support each answer.

- Case &4 Case B
¥i=10 m/3 o @ v;=30 m/s —
: e I el EC
h 'Irll - : :I:l:
¥;=5 m.rf.@ =5 ¥;=28 mfs@
Greatest Av? _B Explanation: A —\o- ,i B: - 58 wmls
Greatesta? __ P Explanation: __-_ GRMTen DV v GAwme TmE = LIES
Greatest Ap? b Explanation: 6{2{1\1511 Av_ - GREFTER Ny (SpmE M 5)
Greatest FAt? _ B Explanation: I= [3?
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Momentum and Collisions " Name:

Simple Computations with Impulse = Momentum Change

Read from Lesson 1 of the Momentum and Collisions chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/momentum/u4l1b.html
http://www.physicsclassroom.com/Class/momentum/u4llc.html

A car with a mass of 1000 kg is at rest at a stoplight. When the light turns green, it is pushed by a
net force of 2000 N for 10 s.

1. What is the value of the acceleration that the car experiences?
R - I L
"M 1000 K9
2. What is the value of the change in velocity that the car experiences?
ac AV AV = &t = Kamfsz)klbs) = ng-/S
h S
3. What is the value of the impulse on the car?

1: Fe = (‘Zoovw\uog) = AOCOON-$
4. What s the value of the change in momentum that the car experiences?
1&91 A0 Pev Kﬁ«m/k
5. Whatis the final velocity of the car at the end of 10 seconds?

20 mls

The car continues at this speed for a while.

6. What is the value of the change in momentum the car experiences as it continues at this velocity?

0 Krgmrs

7. What is the value of the impulse on the car as it continues at this velocity?

0 N
The brakes are applied to the car, causing it to come to restin4s.

8. What is the value of the change in momentum that the car experiences?
- - 2oo Ka -l
A\g c Z oo KS <

9. What s the value of the impulse on the car?

T= - Zoooo N-S
10. What is the value of the force (average) that causes the car to stop?
T-Fe  F- I = -299% NS _ - Gooon
% “4s

11. What is the acceleration of the car as it stops?

-—

F:W‘i _05(: l’

—

o\

-S50eoN . __€..[l¢2
\0°0K3
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Momentum and Collisions I o
NOTE:  Muvtippe  Swas o To o Souve

Ly Seb ® M & Hlb
There is a disease known as formula fixation that is common among physics students. It
particularly infects those who perceive physics as an applied math course where numbers
and equations are simply combined to solve algebra problems. However, this is not the true
nature of physics. Physics concerns itself with ideas and concepts that provide a reasonable
explanation of the physical world. When students divorce the mathematics from the ideas,
formula fixation takes root and even mathematical problem solving can become difficult.
BEWARE Do you have formula fixation? Test your health by trying these computational problems.

12. A force of 800 N causes an 80-kg fullback to change his velocity by 10 m/s. Determine the impulse
experienced by the fullback. PSYW

T- A ; AF: WAV - (60'/\3.)LIUP"‘(5) = % po Kj"“‘/s
- F T- <bo N-s

/ﬂ
13. A 0.80-kg soccer ball experiences an impulse of 25 N+s. Determine the momentum change of the

soccer ball. PSYW
1= by Bp = 25 1g- s

A

'1_,,.

14. A 1200-kg car is brought from 25 m/s to 10 m/s over a time period of 5.0 seconds. Determine the
force experienced by the car. PSYW

7 b2 =
2= AV _ wis 0 _3 wis F'- hdy - »
T 5s F= (1200 g (-Fwls™) = —3600N

15. A 90-kg tight end moving at 9.0 m/s encounters a 400 Nes impulse. Determine the velocity change
of the tightend. PSYW '

T =8 | AV = T2 MOONS g 4 s
Y ow AV vn qo ke —_—

16. A 0.10-kg hockey puck decreases its speed from 40 m/s to 0 m/s in 0.025 s. Determine the force that

it experiences. PSYW T- ‘0 F o= w AV AV = (p.lo Kj}L— L.(DM/S
Tt = wm Av CE D.oA5< ”‘90 N

17. A Real Brain Twister: A 0.10-kg hockey puck is at rest. It encounters a force of 20 N for 0.2
seconds that sets it into motion. Over the next 2.0 seconds, it encounters 0.4 Newtons of resistance
force. Finally, it encounters a final force of 24 N for 0.05 seconds in the direction of motion. What is
the final velocity of the hockey puck? PSYW

fo = widV A, = (014NIL2e) AV, = (A4n)(0.055)
. 0.1k |
MG = Fb = @OML0ZS) o Hpwls = % ] >
S ' = 2 wmls
™ CARD

Ve = HH0mls = Smls V2 mb = ‘ft“f.m/ﬁ

You may have been tricked, but those were not intended as trick questions. The questions were
intended to test your understanding of the concepts of momentum change, impulse, mass, force, time
and velocity change. How is your understanding level progressing? Do you have formula fixation?
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