A 2 AL e

Worksheet- Momentum - Impulse & Momentum 1

Name: K D , l

1. If an object is not moving, what is its momentum?

) I
2. A football punter accelerates a 0.55 kg football from rest to a speed of 28 m/s. The time his foot is in contact wi
the ball is 0.25 seconds. What force does the punter exert on the ball?
b = 0p - Py 5.4 o> = F-0.25
?;:(Q.GS\QS(O)TD s r__,/f
¢p = (05 }(cuz? = 5.4 py F=l "(”i!\f ,
3. A tennis bhll may Teave the racket of a top player on the serve with a speed of 63 m's (consider the ball at rest

before it hits the racket.) If the ball's mass is (.02 kg and it i5 in contact with the racket for 0.03 seconds, what is (]
average force on the ball?AP = (’é-_ - P

3 "5 A R e =
(e 7o E’iqz,%u
o = (0.0'ij)((agg; ;;.%\t%/'_ﬂ_« I 5%—““ = (0,03 .

4. A freight train moves due north with a speed of 8 nv's. The mass of the train 15 6x10° kg. How fast would a 150
kg awtomobile havg to be moving due north to have the same momentum as the train?

PT ~ (B x(Dev?)Ig%ﬁ) = L‘i;S}’O’OQOO‘Oﬂ’g—'—"—\- = éﬁﬁlﬂ})( Ve
4 [V = 326002 ]

5. Two men pushing a stalled car generate a net force of 840 N for 3 seconds, What 15 the final mementum of the

car? Y e S (\7( = (%HONBCSSB :@
(-0 ¢¢ =7

6. A woman, driving a golf ball off a tee gives the ball a speed of 38 m’s. The mass of the ball is 0.045 kg, and the
duration of the impact with the golf club 1s 6x107 seconds.
a. What is the change in momentum of the bali?
AP =Ce - ¢ - = O
Prre-Fo o D e
¢ 7 (oe4SlyX 888, S

b. Detenmine the force applied by the club.

.\ & == -0.00bs ~
7. A0.145 ke base[?all pitched at 35 ms 15 hut on a horizontal hne drive straight back toward the pitcher at 30 m/s.
the contact time between the bat and ball is 5x107° seconds, calculate the force between the ball and bat during

ccntzwt.i @%"BS; \: @ é’%oé\_ \[x,
fr = (’35%3(0_\‘-\5‘@33: -SoFsver~
=

~ =, 12 0("“ : - N — Kn ™ . (CZ QH(DSA)
op - (5030045 09) o g g 5w /’L_’——/—\

B(f e‘g - (: :—“"?/S -~ 'S-.Oq'g < \Qg’z St‘j;M = F. (SX(6~35>
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8. A car with a mass of 1000 kg moves at 20 m/s. What average braking force is needed to bring the cat to a halt is

10 seconds? P, :roo luj)&?,og = 20,000 k™ = O
=

bo = —20\0'00%_"\ “F 6 \f: 'ZOTDOQ

9. A 1500 kg car moving at 30 m's slams inte a building and comes to a half, Consider questions A and B below,
Which question can be answered using the given mformation and which ¢an not? Explain
A, How much impuhe acts on the car?

h? 9/ Q' ~¢ = ¢
4 ol (305 15000 %‘% T S0 =

B. How mmh force acts on € 1e cm“j

C/CL—A 4 UNTJOLY - o *\":M‘ﬁ

10. An 8 ke bowling ball moving at 2 m's bounces off a spring at 2 m's, but it 1s now travelng in the opposite
direction, 2> “ e
a. What is the change in momentum? ~ L’S?? o7k = 32 na:‘mw
N - :
NI eg e: ?( %\/L}B (2«—) \(a“:g—'“
0 o2 = LY
b. If the interaction with the spring lwﬂ IZ) B sewnd- ulculate the average force the spring exerts on it.

B?‘r ?)’.Lffg—f\ ~ \" :(6.@53

11, A 90 kg fullback is running at § m's and is stopped by a tackler. The tackle lasts for 0.5 second.
a. Wlhat is the origmal momentum of the tullback?

(G Nt Joa
b. What is the impulse imparted on the fullback? D  {%O

[ § -~ ”f’;@’:%;
’j:':‘&() = ’L(SOL%\ k

¢ . What is the force exerted on the fullback?

"'—fSO(zﬁ-rwlé - Ft 'HéN%;’“ - F-0.8 ‘Ff'-%tw]

d. What is the force exerted an the tackier?
Eﬁu@ l a/V\,J‘ o be
oD N
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12, Alter the following statements so that they are true statements.
a. Impulse is egual to momentum,
At e e v
b. The units for impulse are ¥ ¢ <
e _* ™M

¢. Momentum is the product of mass times s.peed

\V2 g e u \"3
13. A 0.5 kg football is thrown with a veloeity of 15 m's to the right. A staticnary receiver catches the ball and br:
it to rest in 0.02 seconds. What is the force exented on the receiver?

0. cusswb\us =) 5 2.5
fp = o be=F -k F=-27%5N
6@ = TS TESKLN L £ (602D

sty of 18 m's to the north. The player strik

14. A 0.40 kg soccer ball approaches a plaves houzonull} with a veloc

the ball and causes it to move in the opposite direction with a velocity of 22 m's.

a. What is the change in velocity of the bali? (careful! - BT Lo
1 nge i ity t {caretul!) ¥ = ‘6522’5

A= Ng-N

b. What impulse was deliv med to 111‘ ba]i by the an er?

— ¢, - 1 -
fc = (zvt)(owb 9’3
_’.'———_.—_-—
? 0z %.% - " F2 = [l ¥ .
15. A 3.0 N force to the right acts on a Q. “ kg object at resT during ST mterval of 1.5 seconds.
a What is the velocity of the object at the end of this mterval? D\gg\“\
[}

Ap - F-E 4 S H.SW ™ (pa\v
(a1 SD 745> <0 - i ke
>

b. At the end of this interval. a new constant force of 2.0 N to the left is applied for 1.5 sec. What is the veloc
e

P L‘ [ o
e S ke~ =
\ g_%_ ()9 = 7

g .
A(’j g\‘t g~ ne= O - 0 1Sk =05

= -3 SRz - Lsu™ > =3
16. A 2250 kg car tav eling to ifie west slows down muﬂ)m:lv from 0.0 m's to the west to a stop. The

car is 8430 N to the east. How much time does if take for the car ta stop?

IN SRR ) "
;= (”LZSQWSXZ 02 = ysorui Gt

Yy
¢ = ¥ lt.:5335|

b= —HSOTOL = Frt

at the end of the 1.5 sec?

~GHSON - &
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17. Rank the following from greatest momentum to least momentum:

9.0 m/s 35!11/!
' B D, C, A
10 kg . ) ) !
D,
q -~ N\

0. 2,3—~

2.0
12.(5’ m/s mls
 — .
, oy ™
0.8 kg <
C 7 D
9.6 “3-—3
18. Rank ‘Ehe following from greatest change in momentum to least change in momentum:
BefOre Aﬁ After Before B After
A\/lov‘- qug o
‘V.,_._g_ e | S LD RrCy 6, D)
10'“/" 20més i, 20 iy 5wk
Afjrer Before O Afrer
I = _Mad-o (H‘z:::f,_“
LoD | 08 CED
O

1€ /s 5 mfs 1 mf'sv

19. Rick pushes crates starting at rest across a floor for 3 seconds with a net force as shown:

éﬁﬂ 3"&‘) Eég!- 20 «ﬂ é&v‘lokﬂ

AR TS g b=225%" C bo=1S0mE—
ad=N1SE BN =SS

m greatest to Sleast:

P L I X S

bV = 10 ‘
Rank the followmg?ro

Change in Momentum:

h & C

Final Speed
) \ @

Momentum after 3 seconds:

oL e G
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1. An ostrich with a mass of 146 kg is running with a velocity of 17 m's south. Find its momentum.
- ™\ V
3= - SO
2146 1T '/2482%—‘7
e , S
2. A 21 ke child is riding a 5.9 ke bike with a velocity of 4.5 m's to the east.
A) What is the momentun of the chuld?

P =(ila Y 4.52) m =

B) What ts the momentum of the bike?

3. What velocity must a car with a mass of 1210 kg have in order to have the same momentum as a pickup truck
with a mass of 2250 kg and a velooty of 25 m's? \ e, = &
. -~ X 7 - ‘./ —
(1210t v) = (rzso e d(2S%) '

. . . g e T ; , .
4. A 2500 kg car traveling to the north 1s slowed down umformly from anqihiaivelocity of 20.0 m's by a

LY “J fl11-1 . - . o - . ’A': i
6250 N raking force. ML g ¢ e 2. SGe k3 20 S -

,TKA) What is the change in velocity of the car in the first 2.5 seconds?

A= 2SON2.55 = <1525 = €p - @ 7 v
S . 1502l
~1SEZS = f’& - Scooco P{;;g‘—l375“"‘:r‘(\\/r

B) What is the car’s velocity after 2.5 seconds? —
Ng =13.3S ¢

z—

oes the car move dusing this 2.5 seconds? ‘ -
3 & o\l - A - V‘ 't 4 3@{—
\l&-\l\-\-&t : " (er->7-
|97<}§_-:2<f) l o (25 t(lo)(’z.s)*r 2('2,5'3 .

s | a=-1.55 [Tﬂm.\‘t«q

D) How long does it take the car to come to a complete stop?

%"O“’? he=¥0 -0, = ~Soovo“$9 = R .k
"Sovoo‘%—\"\; -~t2soN-t

5. If a boxer is able to make the impact time five times longer by “rolling” with the punch, by how much will the fi
of impact be reduced?

F—

s

S
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6. When a dish falls, will the impulse be less if' it lands on a carpet or if it lands on a hard floor? Explain.

In which case is there a larger time of impact? Explai.

\v -\S \or\%f fec (oux 6’0*\ Tn (ontrck \omgz,(
In which case is there a larger force? Explain.
1= s \a (‘5&,( r(:or L\oo( ) \O/& t -|p5 SMQHQK
In which case is there a larger change in mementum? Explain,
Sikhna {;u/ o e

7. Suppose the time of impact on an object is doubled and the force 1s unchanged.
A) What happens to the impulse? (Be more specific than increases or decreases.)

\NCreases \oj L (F.lt,B
B) What happens to the change m momentum? (Be specitic.)
VAN CV G SRS L’U < ok (F.‘Lf\

8. Write the exaggetated Impulse Equation (Ft= mAvy) for the following situations:

A) diiving mto a haystack s, hitting a bnek wall
=l ,xT =T, Ftv
B} a supetball that bounces Vs, a wad of clay that splats on a floor
AN A NV

force lasting for 0.01 sec, creating a speed 10 m's.

9, A 0.5 kg ball at rest is set mte moticn with a f
force lastng for 0.01 see. creatng a speed 5 m’s.

A 0.5 kg box at rest is setmnto molion with a
A) Which has a larger change in momentun (@' or box or mneither

B) Which has a larger impulse? ’@; or box or neither

C) Which has a larger time of impact? ball or box ox@

"
D) Which has a larger force of impact” @ or box or neither

10. A 1300 kg car gaveling at 20 m's colludes with a pole and comes to restn 0.5 seconds.
A 1500 kg boat traveling at 20 m’s collides with the sandy shore and comes to rest in 1.0 sec.
e . P F——
A) Which has a larger change 1nt momentum? car or boat orCneither” |

B) Which has a larger unpulse? car or boat or( neiher”

C) Which has a larger time of impact? car or or neither

D) Which has a larger force of unpact? @1 boat or neither
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¢ shel—

1. A 16 kg canoe moving to the nght at 12 m's makes '- head on collision with a 4 kg raft moving to Ftt_:_lf;l_
6 m's. After the collision, the raft moves to the right at 22.7 m's. Find the velocity of the cance after the coliision.

i Uk )= 192 2 S0 oo, 1o S ()2 TDRY

— TN _ A — g;"
G LR e S oty - 10012,
i j = . . I =LYV = k<l . -
‘ 2. A 4 ke bowling ball sliding to the right at gﬁ%x has an ¢lastic head 0\{1 Toltision with ancther 4 kg bowling ball

initially atrest. The first ball stops after the collision. Find the velocity of the second ball after the collision.

ae =2 TN = - - ™M .
P,l—%k{))&\*\g\ 32"33— ﬁ 2 - o é-P‘ = & Pg ‘%2:‘@%23— - m v
fy 2 0T 3242 o = Gt O 32@,-”“:(1@' (V)
5 o Veg
3. A 1500 kg car raveling at 15 m/s to the south collides with a 4504 kg truck that is initially at rest at a stcplight.
P15 The car and truck s&ick togethsyy ™ What is the final velacity of the two entangled vehicles?
(= 1200 ks 1S = wy - _ -
| UTRIB m 2S00 ap s S, on, = (o #500) = ooO s
| fe > OB 2250040 = P¢ I

)
b =22506 = M-v (N = 5-}5/?]_
4. A grocery shopper tosses a 9 kg bag of rice into a stationary 15 kg grocery cart. The bag hits the ¢ ha

herizontal speed of 3.5 mu's toward the front of the cart. What is the final speed of the cart and bag?
v - (kg)(S52) = Hism 465 =23 v

A R L P S L LA EES

5. A 1.5x10% kg railroad car moving at 7 ms to the north collides with and sticks to another railroad car of the sam:
mass that 1s moving in the same direction at 1.5 m’s. What is the velocity of the joined cars after the collision?

| b= (bsnio"i)(F2) ¢ (1 sx00%3(152) =123 s0v 3™
¢, = 123,500 = (Lexo"y 1 5,007) v Tv = L'f,‘)s';I

6. A dry cleaner throws a 22 kg bag of laundry cnto a staticnary 9 kg cart, 1he cant and laundry bag begin moving

ar 3 m's to the right. Find the veloaty of the laundry bag before the collision. P

R =P O . e A7, v =423
IR CrE O 1 (229 (V) 5

P,(, = (() t ’22,> (3‘:’;:) - t;glgsyw\ .

7;!:133'_"\ 2 27k%y =¥
7. A 47.4 ke student runs down the sidewalk and jumps with a honzental speed of 4.0 m's o
skateboard. The stugent and skateboard move down the sidewalk with a speed of 3

nto a stationary
.25 m’s. What is the mass of th

R O (I XA DY o 2 1R 4T AT e

: el VAR ‘ -~ " g~ , g W=

| @e P,J ()e:l%_(@“:\& - (‘H.Hks 1Mg“>(3.7§?) s0 =0 6wy
* 8. Suppose carts on air track have the same mass. They move toward each other at the same speed and stick
together when they collide (called a perfectly melastic collisson.) Describe the motion after the collision.

nNe wionpa -
MV

My ™
e

((;-\»’\(Q\ Q"/t

h
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. \
A - N

9. Suppose one glider is at rest and is loaded so that it has three times the mass of the moving glider. Again, the‘ _
gliders stick together when they collide (called a perfectly inelastic cellision.) Describe the motion after the collisic

(7‘ = W\, O T ™y, MV. . L/'%\[(’ 1,-\/:’” be- N\(J’Ji(tj

Ce = 00y Pp =N = Uy V= ¥ ot ong fuhn
10, In terms of momentum conservation, why does a gun “kick™ wheu?lred‘? G q\Fr\ek\ s Qeﬂ»ég -
Tie “avm o\ emenfowa Vs Zexo (‘y‘“ < bilet @ vest) o tre A Aal |
Monmentir~  pwst glso Sum do zero - 18 e bollet  hLes To oo a1

WAL Owag i e Un MUst \Wave backwads men~cnthon. .
11. Imagine that vou are hovéfing next to the space shuttle in an earth-orbit and your buddy of equal mass who 15

moving at 4 km'h with respect to the ship bumps into vou, If he holds onto you, haw fast do you both move with
respect to the ship? Q- = YN\ AN - . =
spect to the ship L ) A “L\XF P‘F - 2N \/p. Y = @ £

i Y A . " ’ ’ - e
DU =22V v -2%
12. Comic sttip hero Superman meets an asteroid in cuter space and hwls it at 100 mvs. The asteroid is 1000 tiune:
more massive than Supenman is. In the comic stip. Superman is seen at 1est after the throw. Taking physics mto
account, what would be his recoil speed? (Assumie that hefore the throw, Supenman and the asteroid are both at
rest.) ()‘ =0 ?{: — ([o—o-om§( ]0‘&1,;.;‘3 4+ ™ V'sm P{_ = et
7

@ O TLoeC o (oD TN Vom \ \!Sm = —l Ou(‘)c“f?(
- \00000.4’\ 3-\/3‘,«\;'?\ Y

13. A 4000 ke truck traveling at 10 m's collides with a 1000 kg car that is at rest. Answer the following questions
concerning the collision. (Cuele all that apply. Consider only the magnitude of the values, ignore the fact that sor

= | | .
are negative nurtibers.) quicl ¢ OpounT -
A) Which expenences a larger foree? ttuck o  car  or  (neithep’
B) Which experiences a larger impulse? truck  or car  or enth
C) Which experiences a larger change in momentumn? truck ot or neithen

~
@y &

D) Which experiences a larger change in velocity? mtior or neither

14. A 1000 kg car increases speed from 5 m/s to 10 m's over the course of one second. Separately, a 3000 kg
truck increases speed from 3 ny's to 10 mes over the course of one second

A) Which experiences a larger force? gar  or @ or neither
B) Which expenences a larger timpulse? car o @ or neither

() Which experiences a larger change in momentum? car  or nick  or neither

D) Which expertences a larger change in velocity? car  or truck  or

e
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BEFORE COLLISION / EXPLOSION:

AFTER COLLISION / EXPLOSION:

1. Two pool balls have identical mass and collide elastically.

v=3m’'s

v=0

2. A coasting car collides with another identical car that is parked. Assume the car’s bumpers lock together during

the collision.

v=0m/s

0= QoY) 0O
’,?. 3‘;\0 v~ T :@

3. A Segway (100 kg) colhdes elastlcall) with a golf cart (500 kg).
S —

v=4m/s

- RIS (>

f; = (4o Yooy + (Gt

- \booWw = &
What is the change in momentum for the Segway?
() féuu () T <ok - qoo =

(lOb)( 3 L = - )5 Oblé__
What is the change in momentum for the zolf cart?

¢ = (svD D

S

Lo E

©

Or = = Abooly s = (S’Utlz\l 19 x
"’l(pOOLLA—S = "&Jvh;." « ooV

— oL :[0—9'\/

V =

-//,\

UC- ‘V’J.'



Name Date Period

Worksheet: Conservation of Momentum

CHAPTER 8: Momentum

Directions: Answer the following questions concerning the conservation of momentum using the
equations below. Show all of you work to receive credit.

p=my Ft=A(mv) impulse = FAt

Pocore = Papier net momentum pefore = NEt momentum after

(v, + 13V, )0 = (V) +11,15)

after

1. When these two freight cars of different mass collide and couple, what will be their resultant

velocity? ‘ N "
~ p o= (1ossd)yny 40 = Ho = €
10 Tons 30 Tons P ( D+ k
: ““"‘*.’."J;’..‘Z’.’.‘Fﬁg "-u.'t:‘::vmu:;uzﬁl

e “W‘""“'ec Cf = (10 +30 we) (VY = HOtens ,S”l

ams 0 mis , i "\
Before L/MS N T %‘\g . 5

S EE e 1 e 0 oty A .»aih Y -~ —
: tdhiadAr ks s
' f 4 - S
1 ¥ | i _

e

: g T2

7 my's
After

2. A 2 kg blob of putty moving at 4 mis slams into a 6 kg blob of putty at rest, What is the speed
of the two stuck-together blebs immediataly after colliding?

¢ = (2t +O 7 ‘8“%} =0
A
Op= Ty o (Ared v ls
S

Ry = ¢V
3. A footbalfplayar runs at 8 m/s and plows into a B0 kg referee standin
the referee to fly torward at 5.0 m/s, |If this were a parfectly eldstic coilisi
, ba?
mass of football player be? = W\ - ‘g% == Op

the field causing
n, what would the

Qk 2 Qi T (@V@(Sg') y O

QM :"{0"0

w =90
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?
4. Assuming that this is a perfect inelastic BEFORE
collision, calculate the velocity after the

ollision jn the example below. m=80 kg
P, .-:C?()y_a V;,\) A0 = L(?D\;%l‘ = €¢ v=6 m/s
G TUOLS = (sorHo)V

heo =\ro vV

M
5. A large tocomotive with a mass 4 times

that of the smaller motionless railroad car collides and couples together. What is their combined

speed after the collision? g = (H‘m )(S ‘U/'Zr) o ZDM » f,;c

BEFORE | B
In motion ri '—/Md\ = '>/V\ '\I
= € semuraazes _&% 20 =5V
A TeTete _—
4m m \/ = t]‘ ,:—
| v=9 km/hr v=0 km/hr | g

| AFTER

in motion at the same speed

6. A 2.0 kg mass is moving on a frictionless airtrack. It collides into a motionless 1.5 kg mass.
What is the the combined speed of the two masses if they stick together on impact?

. m=2.0kg W m = 1.5 kg , ~
| pm— O = 3% ,( ¥\S

; I et —— xawaet AL S G
o v IL 3= 35N

} e—— 2

i e e ST T R S ——od \ \[ & O.g(p';,
S

'% 7. A 1000 kg car is rolling d%eet at 2.5 m/s. How fast would a 2500 kg car have to
0 rest; )

, collide into it in order to bringit t (0 m/s)? - J—jj
v >— 2.sz o=
Pe = © 5 Ty

?(, - (\); - O pcooV 2(00%'—3“

0. = w255 + (25079)VD = 2 EE
Q500U { 2500V =0 ol




8. A railroad car slams into another railroad car M = 4000 kg Bef M= 6000 kg
v=2mis eiore v=0m/s

and couples together. What is the combined
speed of the railroad cars after the collision?

L {doeoy(25)= sUre B =p,

After
9. Tyvo blocks moving in opposite directions L7 ‘ R __. '
collide and stick together after the collision. v=?
What is their combined speed after the collision?
ne = & fi = (%2)(\“33 v (g Y2k
85k —1 0
5 sSedc o,
1kg 2kg

&tbﬂ3:0”>“
5
2
10. An explosion causes the cars to move apart from each other. According to the diagram
below, what is the speed of each of the cars as they move away from each other?

Before explosion After explosion
[ 1] I m ] I m l ‘ m I
a—a 8 — B lea~r—a " e —®-
(.. = = F} p to the left= 20 p to the right= 20
¢ d Dl
g, - —2x0*t*%
p total = 0 { p total =0 v
~— r\/\ \I - 10 =M
— \{ - -
- 25 B \/i m
N = %W 5

11. A 3000-kg truck moving rightward with a speed of 5 km/hr collides head-on with a 1000-kg
car moving leftward with a speed of 10 km/hr. The two vehicles stick together and move with the
same velocity after the collision. Determine the post-collision speed of the car and truck.

- = . = (o(se) (ko) 105
=z \Soo O + \oo0 &

. = sooo =¢¢




g

Q&' C%W\ﬁf = (\ww%* ‘{umv:)\ 4

i
4
)"

. . = .-"/\_’ §
~,<(¢¢>oow\\LS“‘f;-3 + & T 50,000Y - - (f——

12. During a goal-line stand, a 75-kg fullback moving

eastward with a speed of 10 m/s collides head-on with a
100-kg lineman moving westward with a speed of 4 m/s.
The two players collide and stick together, moving at the

same velocity after the collision. Determine the the post-
collision velocity of the two players.

Mg T g gy 2(5kog) 1 (ol

(. = 3sp kg _
=0
_ . AN [ ) \ - W;‘
V*:B")()% :(qg—rhx;)\f [\/ 2‘5 J
13. Calculate the velocity of the rifles recoil after firing.

- | ! {""*::O < ﬁ(‘—
e = (6.01 i Y3002 ¥ (i) v

M=4kg

TS Sy |
- “m
v=1? \/ 0 7_ S' g‘

14. What is the velocity of the "8" ball after the elastic collision below?

B e R
'; \’_' __ : (¢ CO.SK‘?_’«‘"’ = (o‘Zs\f«ﬁ)— v
AN .
\ / ¥

15. A 6000 kg railroad car moving at 5 m/s
collides into a stationary car with a mass of 4000
kg. If they couple together after the collision,

what will be their combined velocity immediately
after impact?

3()‘0\)‘0“—(9;2 c loovo) *V




