' Problem #7: A 1200-kg car traveling south at 24-m/s collides with and attaches itself to a 2000-kg truck traveling east at
16-m/s. Calculate the velocity (magnitude and direction) of the two vehicles when locked together after the collision.
(Similar to Fishbane, Gasiorowicz and Thornton 1993, example 8-5)

------------------------------------------------------------------------------------

Picture and Given Information _ |
2“”/41@ 1200k¢ W £
|ew /s |
- s
2000 kq \Vc =7

(What s He Vc(och’y G\aguh‘ude and diTe¢Tiou) o'F tHie fwo vehicles
when locked tfogether after +he collision?

" (Uge conservation of wmomewtum . 5gd’3m: cav and “drvck

Time: Tuttial Hime is the instawt just prior to the collision.

Fiual fime is the instant just after the collision.
Tuitial wmomentum dve o cav amd Hruck sepavately.
Fual wowentum dve Ho cac/truck locked toge-ther.

Assume wo momentom Fronsfer befween system and envivenment.
DESCRIBE the PHYSICS

Question(s)

Diagram(s) and Define Quantities
momentom dfa&aw\
il omestum fval
<$+a+e ‘ronslec > <4%a+e
Pri | - -
- +x NONE +x
Fei
W, =(200kg Wy = 2000kq |
Vei =0 Vi = 16w/ M=mctm,=3200kg
+y Veyi = 24m/g Vi =0 +4 =7
Target Quantity(ies) |V © b=?
Quantitative Relationships .F
_ ) - Cow\ponevd‘s oV P
ﬂx T Ps = MV{ __f@=ff_cos9 o
b = Vieo: : ~ MoVay; = O €
Pix™ M Vg TP T i
Piy= MeVeyi T Pey ™ MeVeyi =0 - 9 A'5°=’P1=sz+ﬁz
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unknowwns

, 8

=

Construct Specific Equations
Emc‘ Ve
p=tve O
Find s
Pe= Po +Pey @
F;____f“A £
'P‘Fﬁ “MpVi T o @
Pee =M1Vn
.@_J_:Pfg
- =0
ffg = V“ch52i @ .
fc = (W‘Tv'rxi) + (Mcvesi)
ki =J (wvea)” + (‘Mcvcgi)t

‘[(MTVT,{.Y+ (W\c chi)z ’ = .M-Vc

e
g

|

I ettt Ll )

e = \R‘“‘VT"‘Y +(meveg)” |

. M A
Fud ©

»P_cs = 1’3‘; Sin 9 @

sinb = -f>.c5 /,P(:

0= aresin (Pey /e)

=== —-""=s==-- -1

‘l B = acesin (Mcvcai)': &esult @

'| IV.\ Vg /1€ czuaﬁ‘an @
Chok Units —tas—' evious

result! o V¢

Ve lmkg-l [n/e1) + (Ckad /s 1)? '

-

Ekg]
- Dkadlwfsd [ws] OK
Lig] continved

EXECUTE the PLAN

Calculate Target Quantity(ies) '

Ve = (2000 k) Gem/c)+(1200k o) (V)
3200kg

_ . /(izookg) @4w/%)
6 =aresin <(?200 ka) (13. 5 w/s)
( 6-‘-‘-”2° South of Eh@ )

EVALUATE the ANSWER
Is Answer Properly Stated?

(n)e,s. As expec'(‘ec[ Ve has wnits ¢>‘P
Ve,loci'ly and O is an av\gle..

= vCcsSin (0 6

Is Answer Unreasonable?

No. Ve is inthe ¥ “31«'6 loa(lpawk and 6
Is Mcar{g ys° as eX'Dec‘f‘aa{ Since
‘Hie fws initial Perpeudu‘cular wowenta

are similac in size,
Is Answer Complete?

Ves. The maguitude and direction of
':ke fiual ?lae?ocifg have. b'ee: ‘é\uvxcl
whl‘d\ answers e 8U£$ﬁcm.

(extra space if needed)

: i [kg]E'M/s]),_: -
> 0: '&‘rcs\/\(--————Cksj[wsj NCSM&]) OK
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Problem #8: A billiard ball at rest is hit head-on by a second billiard ball moving 1.5-m/s toward the east. If the
collision is elastic and we ignore rotational motion, calculate the final-speed of each ball. (Based on Fishbane, Gasiorowicz

and Thornton 1993, example 8-8)

FOCUS the PROBLEM '
Picture and Given Information ) W ‘ E
Vi= 1.5 V,: = s Vie=7 V=7
I Im/s =
/ 21 O —_ >
O @ =00
M, M2 W M2

Question(s) wlﬂa* (s +he -G'maf 51966-4 o{ eacl \oau?
approach Use  conger vation of wmowmentum 3wd conser vation of energy.

Systew: ball [ amd Gall 2

Time: Initisl fime is the instant before Hhe collision.

Fual Hwe is the instant affer the collision. ,
Turtial mow. is due Jo ball [~ Fual wom. is dve 4o balls | aud 2.
No net wmomemtum Aromsfer between systew and envirenment.
Twitial ewerqy is kinetic. Final emergqy is kinetic.

No emergy input or output. "Elastic” collision => no kivetic euergy lost.

Assume Hie balls have Hhe same wass.

DESCRIBE the PHYSICS

Diagram(s) and Define Quantities
momentum _ diagrawm
inihis! Momentum Final
state “transfer state /
'ﬁ.‘ NONE { fie
'%— +yY
Te

Relative sizes o'€
-Qwa\ mmen‘('a
umknown ot His

Target Quantity(ics)lv!.f' Vae Po’m‘é :

+x

Quantitative Relationships
T R=7-0
Pe = MV + mVye
Pi= mv;

)‘/Vu‘ +)%Vzc - YKVI.' =0
5728 =V +Vee - V=0

CNEV

(uitie) (oerms (Bals

Yu \'/3
¢ & .
- —¥
o Vzi—o ®
e
Vi = I-5wfs Vie =7
Vsi= O Vog=?
M=M= m="7
Ee-Ei= |
Ee=Smyet + -?i_w\vz:
Ei=gmV

o et + e 2= 0 = O

= Vet +Vee® -V =0
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Construct Specific Equations unknowns
Find Vg [vieae_
Vet Vo= Vi=0 ()
Vie =Vi-Vee (A
Find Vae

Vig + Ve V" =0 @
(Vu “Vag) *+ Voet- Vit =
u;ecf Y'CSUH' @

)f{{/{* Vag *= 2V Ve Vz&‘l’)f./;O
Z/Vu.’ =%/{; Vs

L ]
W Ve = V! ?“uwu‘ Vor #0
L i

Vig = Vi - Vi

===
| I |

Check Units

[w/s] oK

EXECUTE the PLAN
Calculate Target Quantity(ies)

Vz.F = I'S-V\A/s

(oe = 15wl

Is Answer Properly Stated?

Wes. As expec'("cc( Ve has onits
of Veloc't'hj-

]

Is Answer Unreasonable?

No. All the womewtum and kinetic
eM’Igg 58-1' 'NMS'PCV'('QJ o
ball T 4o ball 2 iw dhe collision.

Is Answer Complete?

Ces. Vie and Vog ave +he final
Speecls of Hre Fwo balls. This
answers the question.

(extra space if needed)
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Problem #9: An 80-g arrow moving at 80-m/s hits embeds itself in a 10-kg block resting on ice. How far does the block

slide on the ice following the collision if it is opposed by a 9.2-N force? (Similar to Fishbane, Gasiorowicz and Thornton -
1993, example 8-7) ’

Picture and Given Information

V=80 w/ k— d=?—s

—_—

== V=0
By el _~—— !

209 P R=qaN
A

[ .
O T
ce

Quesions) How fov does Hhe block slide before coming o rest?

Approach  Use congevvafion of wmomentum Fo determine the vecoil velocr
of the block/arvow just affer the collision, Systewm: block ¥ arrow
ea Use cougervation of enerqy to defermine how for Hhe blodk /arrow
slides "Fb[(owiwﬂ —he collision. Same systewm as above.
 Time: Tuitial time is the fustant just before aevow strikes block.
Middle fime is +he iustant just after dhe collision.
Fival Hime is the instaut block/avvow comes o vest.
Jost befove collision momemtum due fo arvow. Assume arvow motion is
is stricty hovrizoutal when 1t shrikes e block.
Tust after collision momentum due Ho block favvow.
No wet mowmentum tramsfer befween system and emvivonwment,
Energy just after collision is kinetic. Final ewer is zero.
Input emergy is zevo. Oufput energy dve to frictional force.

DESCRIBE the PHYSICS
Diagram(s) and Define Quantities

momewtum diageow -

imitial Fuvn wal \epe . -
(ol Cpometey (Bl CORETNC VI
' \'d V. =
E =0
£ NON +: ‘_-) F;d—o—> l :.L
_F=$—_+x _f=#__. +x ]l %__ } } ‘ i - +X
Voz = 80m/s Vo= O V=2 X Xz X, X X X
my=80g= 0.080ks wm=|0kg M=mytm, =10.08kg X=0O X,=¢
Target Quantity(ies) | X f‘; =9.2N
Quantitative Relationships O
)F'P_Pi = J =0 /E(:/"'En = WN(,
Pe= My, E=3My*
- 7 X2
Pi=MaVea Wy, = J.Fe-dx

MV, - WMaVpy = O RN
. - avVoa =™ . 7—=S\ .
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PLAN the SOLUTION
Construct Specific Equations

Fa'vgc, X,

Check Units

(Ls1Ds) _
D(g] [N

= [m]

unknowns

(%
[ve

[kql z["“/ST
Ckqd [kg mi2]
OK

EXECUTE the PLAN
Calculate Target Quantity(ies)

x, = (0.080kg) (B0w/s)
2(10.08kq) (9.2 V)

(Fo= 022D

EVALUATE the ANSWER
Is Answer Properly Stated?

Yes. A< cxped’e.cf X, has units

of (ewa-lfh_.

Is Answer Unreasonable?

No. The block i quite massive
so it deesnt slide back very 'Fa»r

Is Answer Complete?

Yes. X, is +Hhe distance +he block
slides which answers the guestion.

(extra space if needed)
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