Chapter D - Problems

Blinn College - Physics 2425 - Terry Honan

Problem D.1

The sameforce actsat different times on two masses.m, is given an acceleratiorof 4 m/s2 andm, is given an acceleratiorof
1m/s.

(a) Whatis theratio of themassesn, /m; ?

(b) Supposehetwo massesrecombinedandthe sameforceis actedon the combination. Whatis its acceleration?

Solution to D.1
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Problem D.2

A 2ton truck providesan acceleratiorof 3ft/s2 to a4ton trailer. If thetruck exertsthe sameforce on the roadwhile pulling a 16
ton trailer, whatacceleratiomesults? Assumethereareno resistiveforces.

Solution to D.2

Like poundstonsareunits of weight. Ib-massis often usedto referto the massequivalentof 1 Ib, sowe will usethetermton-mas
to referto its massequivalent.

G_m, G2_ 2

. ap = lf_;

F= miai= myay * =
1 272 ay my 3 2+16 S

Notethattheratio of two masseén ton-masss the sameasin kg andtheratio of two accelerationin ft/s2 is thesameasin m/s2 .

Problem D.3

A 59 bulletis acceleratedo 300m/s downa72cm gunbarrel. Assuminga uniform accelerationyhatis the netforce on the bullet
in thegunbarrel?

Solution to D.3
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Useonedimensionakinematicsto find theacceleration.

vp=0, v=3002 and Dx=0.72m
N

2
v2-12=2aDx +  a= -2 = 62500N
2x0.72

Newton'ssecondaw givesthenetforce.

Fpet = ma = 0.005162500= 312.5N

Problem D.4

The displacemenof 20 kg massasa functionof timein Sl unitsis givenby:

#(t)=(213- 91- 15,- 612 + 51+ 18).

Whatis thenetforceactingon the massasa functionof time? Whatis thenetforceats = 2s?

Solution to D4

Theaccelerations the secondlerivativeof the positionvector. Newton'ssecondaw thengivesthe netforce.

v= Li=L(253. 9r- 15 -6:2+ 51+ 18 = (6:2- 9, - 121 +5)
dt dt
~ o _ds_d ) _
n=—v=—(6r"-9,-12¢r+5)=(12¢, - 12
a0 dtv cift< > < )

At t=2sweget

A2)=(24,-12 %+ Fner=md=20d= (480, - 240 N.
S

Problem D.5

Two forcesfl andfz acton a 12kg massto producean acceleratiorof magnitude3m / % in the negativey-direction. If the first

forceis given byfl = (- 30, 20) N thenwhatis the valueof thesecondorcefz?

Solution to D.5

Theaccelerationis a = (0, - 3) m/sz. Thesecondaw involvesthenetforce,whichin this caseis the sumof thetwo forces.

Fret=ma s Fj+Fy=ma-+ (-30200+F,=12(0,-3)« F,=¢(30,-56N
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Problem D.6

A weightW hangsfrom two stringsasshown. Whatarebothtensions'; and7,? Leaveyouranswersasmultiplesof W.

(@) g, =35j and op = 65j
(b) Solveusingq asarbitrary.

T

HL HL

Solution to D.6
(a) Foranytwo dimensionalproblemwe resolvethe secondaw into a pair a perpendiculadirections,in this casewe takethenas

horizontalandvertical.

I
T sin 35 i

1
1
| S gt ) -

In this problemthe acceleratioris zero. Whenevelthe acceleratioris zero,or evenzeroin oneof the directions,we canrewrite the
secondaw by balancingthe forces. In this casewe canreplacethe secondaw resolvedin the horizontaldirectionwith the conditior

thatthe horizontalforcesbalancethetotal forceto theleft equalsthetotal forceto theright.
— - . _ cos35°

Fnet hor = 0~ Tl cos35j = T2 Ccos65j T2 = Tl —_—
i cos 65°

In theverticaldirectionwe similarly getthetotal force up equalsthetotal force down. We canthensolvefor thetensions.
Fretver =0+  T1sin35j + T, sin65i =W
0833° GinGsi=W + Ty = 0.429W

. Tl sin35j + Tl
cos65°

cs35° ., 1,=0.832W

T2:T|
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(b) Herewe similarly balancethe horizontalandverticalcomponents.

T, sinq

i w
Fretver=0 ¢ Thsing=W + Tp= -
Frethor=0 ¢ Tp=Tcosq ° T1:.lcosq: W
’ sin @ tan 6

Problem D.7

\d

(a) A block of massn is lowereddownanincline ata constanspeed by aropeasshownabove. Whatis thetensionin theropeT?

(b) A block of massmn is lowereddownanincline at a constantacceleratiorn (downtheincline) by aropeasshownabove. Whatis
thetensionin theropeT?

(c) A block of massm is pulled up anincline at a constantacceleratiorz (up the incline) by a rope as shownabove. Whatis the
tensionin theropeT?

Solution to D.7
| T sin¢
N

T cos¢

mgcos6
mg
7’

7’

/ .

Y/ mgsinf

(a) If the speeds constanthenthe acceleratioris zero;the value of v is unimportant We canthenbalancethe forcesin the direc
tions parallelandperpendiculato theincline. Herewe only needthe parallelcomponento getthetension.
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sin 6

Fpety=ma,=0+ mgsing=Tcosf « T=mg
’ cos ¢

(b) If theacceleratioris downtheincline thenchoosehatasthe positivedirection. Again we only needthe parallelcomponento gel
thetension.

. sin 6—
Fpety=ma, » mgsing- Tcosf =ma » T= mg—¢ma
cos

(c) Whenthe acceleratioris up theincline thenchoosehatasthe positivedirection.

. mgsinf+ma
Fpety=ma, » Tcosf - mgsing=ma e+ T= g—¢
Ccos

Problem D.8

T F
=
Two blockswith massesn; andm, aredraggedalong a frictionlesssurfaceas shown. They are pulled by a force F and are con
nectedby a string. Whatis thetensionT betweertheblocks?

Solution to D.8

In this problemthe vertical forcescanceland are uninteresting. We will only considerthe horizontalequations. Both masseswill
havethe sameacceleration.Thetensionsareequalandoppositedueto thethird law. Applying thesecondaw to bothmassegjives:

Fnet’1:m1a° T=mja
Fpetg=mpa s F-T=mya

Adding thesetwo equationgogethergivesa in termsof F.

F:(m1+m2)ao a= F
m1+m2
We canthenfind T.
my
T= mpa * T= F

m1+m2
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Problem D.9

Assumeall pulleysareideal. This meangheyarefrictionlessandmassless.

(a) With whattensiondoesthefloor pull downwardon theropeontheright?

(b) If theropeontherightis disconnectedrom thefloor thenwhattensionis neededo lift theweightata constanspeedf 3 oo
S

(c) Whattensionis neededo lift theweightataconstanupwardacceleratiorof 2 22 ?
N

(d) Whattensionis neededo lowertheweightata constantdownwardacceleratiorof 2 32 ?
N

Solution to D.9

2000N

With idealpulleysthetensionis constanthroughouthearrangement.
(@)Fpet=ma=0+ 8T=2000N * T=250N

(b) If thespeeds constanthena = 0 andasabove, T = 250N.

(c) Witha=2m/s? we get

2000

Fnet=ma + 8T-2000= S"2u2+ T=30IN
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(d) Witha = - 2m/s* we get

Fpet=ma + 8T- 2000= %u(- 2)« T=199N

Problem D.10

Whatis the minimum stoppingdistancefor a carwith aninitial speedof 30mi/hr givena coefficientof staticfriction of 0.55? How
would this changeon anicy daywith a coefficientof 0.15?

Solution to D.10
Whena carstopsthefriction is staticfriction, unlesshecaris skiddingto a stop.
Fretor=maper ¢ fs= ma
Fnetyer =mayer= 0+ N= mg
JsEmMN s avmge amax= Mg

In the aboveexpressiorthe directionof the accelerationpackward,s takenasthe positivedirection. To relatethis acceleratiorio the
minimum stoppingdistancewe mustusekinematics. If we takethe velocity to be positive thenwe musttakethe acceleratiorio be
negative. Amax = - Mg

2 2

v, v,

2an:v2-v%: 0- v%- Dxmin:‘—oz 0
2amax 2psg

i 1609 m 1hr
vo =302
0 et i P 36005

=13.4082
S

M=05E «  Dxyy, = 16.7m

M=0.1E «  Dxpy, = 61.2m

Problem D.11
Threemassesireconnectedisshownm is thelargestandm, slideswith acoefficientof friction m.

(a)Whatis the acceleratiorof the system?

(b) If m; = 10kg, my = 4kg, m3 = 6kg andm, = 0, 35 thenfind the valueof a. Whatarethe two tensionspetweerm; andm, anc

betweernn, andms?
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Solution to D.11

(a) We needto applythesecondaw to all threemasses.
Form;: Fpet=ma e+ myg-Ti=mja
Formy: Fpet) =ma =0 N= mpge fr=mN=mmyg
Frety=may ¢ Ty~ Ty~ fy=mpa « T\-Tr-mmyg= mya
Forms: Fpet=ma s Tp- m3g= m3a
Thetensionscanbeeliminatedby addingthethreeequations.This gives:

mq —Hgmp — g
myg-mmyg-m3g= myatmyatmzaes a=—"-—7—7—

m1+m2+m3
(b) m; =10Kg, my=4kg, m3=6kg and ;=035 « a=1.27=
N
Solvefor thetensiondy usingthe acceleration.
myg-Ti=mpas T;=myg- ma=853N

Tr- myg=mza-e+ Tr=m3g+mza=66.44N
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Problem D.12

A massm on a steepincline of angle q with a coefficientof staticfriction ny is held by a ropethatis parallelto the incline anc

pulling up the incline. Without the rope the masswill slide down the incline. For what rangeof tensionswill the massnot slide.
Notethatif thetensionis sufficiently largethemasswill slideuptheincline.

Solution to D.12

Since the tension is parallel to the surface, N= mgcosq. This gives the maximum value of the static friction force:
faX=mN= mymgcosq.

Fpet) =may =0 ¢ N= mgcosqe fM*=mN= mmgcosq
Fpety=ma,; =0 - = mgsing! fsmax

To preventthe massfrom sliding up the incline, the friction mustactdown the incline andthusthe + signis used. To preventthe
massfrom sliding down theincline, thefriction mustactup theincline andthusthe- signis used.

Thin= mgsing- mmgcosq and Tax = m g Sing+ m m g cosq

Therangeof tensionss: Tp;, @ T8 Tax



