Problems - Chapter D
Physics 2425 - Dr. Terry Honan

a Problem D.1

The sameforce actsat differenttimeson two massesm, is givenanacceleratiorof 4m / &? andm, is
givenanacceleratiorof 1 m/sz.

(@) Whatis theratio of themassesy, /my ?

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

Solutionto D.1

(@)F =mya; = mya, a1=4£anda2: 1£
m = ﬂ: ﬂ:4
m a 1
@F=mya; = (m +my)ag, a1=4£anda2= 1£

maq = (M +mp) ag andm2:4m1 . m14:(m1+4m1)a3 . agzg
a Problem D.2

A 2tontruck providesanacceleratiorof 3ft/s2 to a4tontrailer. If thetruck exertsthe sameforce

ontheroadwhile pulling a16 tontrailer, whatacceleratiomesults? Assumetherearenoresistive
forces.

Solutionto D.2

Like poundstonsareunitsof weight. Ib-masss oftenusedto referto themassequivaleniof 1 Ib, so
we will usethetermton-masdo referto its massequivalent.

2 = ﬂ ) 2 = 2+4
aa m 3 2+16

ft

$?

Note thattheratio of two massesn ton-masss the sameasin kg andtheratio of two accelerationgn
ft /& isthesameasin m/s?.

F=mpa;=myay * ap=1
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a Problem D.3

A 59 bulletis acceleratedo 300m/s downa72cm gunbarrel. Assuminga uniform acceleration,
whatis thenetforceonthebulletin thegunbarrel?

Solutionto D.3
Useonedimensionakinematicgo find theacceleration.

Vo=0, v= 300% and Dx= 0.72m

V- 2=2aDx+  a= 39 - g2500N
200.72

Newton'ssecondaw givesthe netforce.
Fnet= ma= 0.0051 62500= 312.5N

a Problem D.4

Thedisplacementf 20 kg massasa functionof timein Sl unitsis givenby:

r(t)=(2t3- 9t- 15 - 61>+ 5t+ 18).
Whatis the netforceactingon themassasa functionof time? Whatis thenetforceatt = 2s?

Solutionto D.4
The acceleratioris the secondderivativeof the positionvector. Newton'ssecondaw thengivesthe
netforce.

V) = C(2t3- 9t 15,- 612+ 5t+18) = (6t7- 9, - 12t +5)

2o
QJI|9.)1

am = - v= 2 (6t2- 9,- 12t+ 5) = (12t,- 12)

2o
SDl|mz

Att=2sweget

A2 = (24, - 12) g Fret= ma=203= (480, - 240 N.

a Problem D.5

Two forcesﬁl andﬁz actonal2kg massto produceanacceleratiorof magnitude3 m/s2 in the
negativey-direction. If thefirst forceis given byfl = (- 30, 20y N thenwhatis thevalueof the
secondorceF,?

Solutionto D.5
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Theaccelerationsa = (0, - 3) m/sz. Thesecondaw involvesthenetforce,whichin this cases the
sumof thetwo forces.

Fret=ma ¢ Fi+F,=mad e+ (-30200+F,=12(0,-3)« F,=¢(30,-56N
a Problem D.6

A weightW hangsfrom two stringsasshown. Whatarebothtensionsl; andT,? Leaveyour
answersasmultiplesof W.

(a)oq = 352 and gy = 654

(b) Solveusingq asarbitrary.

T1

HL HL

Solutionto D.6

(a) Foranytwo dimensionaproblemwe resolvethe secondaw into a pair a perpendiculadirections,
in this casewe takethenashorizontalandvertical.

l
| T, sin65A

65A :
T, cos35A | T, cos65A
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In this problemthe accelerations zero. Wheneveitheaccelerations zero,or evenzeroin oneof the
directions,we canrewritethe secondaw by balancingtheforces. In this casewe canreplacethe
secondaw resolvedn the horizontaldirectionwith the conditionthatthe horizontalforcesbalance;
thetotal forceto theleft equalsthetotal forceto theright.

_ cos35+
T2=T COS65+

Frethor=0 ¢ T1c0s35%= T, C0S654

In theverticaldirectionwe similarly getthetotal force up equalsthetotal forcedown. We canthen
solvefor thetensions.

Fnetver=0 ¢  T;sin35++ T, sin65+=W
 Tysin35%+ T, %‘ggisin651: W e Tp=0.429W

T,=T, €35¢ . 1, -0.832w
COS65+

(b) Herewe similarly balancehehorizontalandverticalcomponents.

— PR - W
Fnetver - O ° T2 S|nq - W ° T2 - m
-0 _ . - W - W
Fnethor =0 T, =Tycosq T = _sinq cosq= _tanq

a Problem D.7

(a) A block of masanis lowereddownanincline ata constanspeeds by aropeasshownabove.
Whatis thetensionin theropeT?
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(b) A block of masamis lowereddownanincline ata constanticceleratiora (downtheincline) by a
ropeasshownabove. Whatis thetensionin theropeT?

(c) A block of masamis pulledup anincline ata constanticceleratiora (up theincline) by aropeas
shownabove. Whatis thetensionin theropeT?

Solutionto D.7

4

Vg
L~ mg sin q

(a) If thespeeds constanthentheaccelerations zero;thevalueof v is unimportant We canthen
balancetheforcesin thedirectionsparallelandperpendiculato theincline. Herewe only needthe
parallelcomponento getthetension.

Fnetp: map: 0 mgsinq: Tcosf e T=mg (_‘:;c|)nsfg

(b) If theaccelerations downtheincline thenchoosehatasthe positivedirection. Againwe only
needthe parallelcomponento getthetension.

Fhetp=map * mgsing- Tcosf =ma e« T= %;rma

(c) Whentheaccelerations up theincline thenchoosehatasthe positivedirection.

mgsing+ma

Fnetp=map » Tcosf - mgsing=ma s+ T= ~osf

™

a Problem D.8
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Two blockswith massesny andm, aredraggedalongafrictionlesssurfaceasshown. Theyare
pulledby aforceF andareconnectedy astring. Whatis thetensionT betweerthe blocks?

Solutionto D.8

In this problemthe verticalforcescancelandareuninteresting.We will only considerthe horizontal
equations.Both massesvill havethe sameacceleration.Thetensionsareequalandoppositedueto
thethird law. Applying thesecondaw to bothmassegjives:

Fret1=mgaes T=ma
Freta=mpa+s F-T=ma
Adding thesetwo equationdogethergivesa in termsof F.

F
= + (] =
F=(m+my)a a S~
We canthenfind T.
T=mae T= M
m+mp

a Problem D.9

Assumeall pulleysareideal. Thismeangheyarefrictionlessandmassless.
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(a) With whattensiondoesthefloor pull downwardontheropeontheright?

(b) If theropeontherightis disconnectedrom thefloor thenwhattensionis neededo lift theweight
ata constanspeedf 3% ?

(c) Whattensionis neededo lift theweightataconstanupwardacceleratiorof 2 g ?

(d) Whattensionis neededo lowertheweightata constandownwardacceleratiorof 2 g ?

Solutionto D.9
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8T

2000 N

With idealpulleysthetensionis constanthroughouthe arrangement.
(@)Fhet=ma=0+ 8T=2000N « T=250N
(b) If thespeeds constanthena = 0 andasabove, T = 250N.

(c) With a=2m/s* we get

Fret=ma s 8T- 2000= %’uz «  T=301N

(d) Witha= - 2m/s? we get
Fret=ma s 8T- 2000= %3“(- 2)« T=199N

a Problem D.10

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

Solutionto D.10
Whena carstopsthefriction is staticfriction, unlesshe caris skiddingto a stop.
Fnetor = ma.hor ° fS: ma

Fnetver= Mayer=0° N=mg
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fsamgN « aamg-e amax= N9

In theaboveexpressiorhedirectionof theaccelerationpbackwardjs takenasthe positivedirection.
To relatethis acceleratiorio the minimumstoppingdistanceve mustusekinematics. If we takethe
velocity to be positivethenwe musttaketheacceleratiorio be negative. dmax=- g

2 2

V. v

2an=v2-v(2)=O-v(2)o D Xmin = - o __70
23max 2mg

—qqmi  1609m  _1hr _ m
Vo =30 = M 3600~ 134085

my=0.55 ¢+ DXqpjn=16.7m

m=0.15 ¢  DXpi, = 61.2m
a Problem D.11
Threemassesireconnected@sshownm, is thelargestandm, slideswith a coefficientof friction ny.
(a)Whatis theacceleratiorof the system?

(b) If my = 10kg, my = 4kg, mg = 6kg andmy = 0, 35 thenfind thevalueof a. Whatarethetwo
tensionspetweerm; andm, andbetweenm, andmg?

Solutionto D.11
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M g mzg

(a) We needto applythesecondaw to all threemasses.

Formy: Fpet=ma e+ mg- Ty=ma

Formy: Fpett =may =0« N=mpge+ fr=mN=nmg
Fretp=map *  Ty- To- fy=mpa «  Tp-Tp- mmyg=mya

Formg: Fpet=ma e+ To- Mgg=nmza

Thetensionsanbe eliminatedby addingthethreeequations.This gives:

q= M- MkM2- My

Mg- MM g-Myg=ma+npa+ma e M+ My+ Mg 9
(b) my = 10kg, my = 4kg, my=6kg and my =035« a= 1.275

Solvefor thetensiondy usingtheacceleration.
mg- T;=mae+ Ty=mpg- ma=853N

Tr- mgg=mga e Tr=mgg+nmga=66.44N
a Problem D.12
A massm on asteepncline of angle g with a coefficientof staticfriction ng is heldby aropethatis
parallelto theincline andpulling up theincline. Withouttheropethe masswill slidedownthe

incline. Forwhatrangeof tensionswill themassnotslide. Notethatif thetensionis sufficiently large
themasswill slideuptheincline.
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Solutionto D.12

Sincethetensionis parallelto thesurface,N = mgcosq. Thisgivesthe maximumvalueof the static
friction force: f@=myN = mymgcosq.

Frett =ma =0 « N=mgcosqg« f"®=mN=mmgcosq
Fretp=map=0 « T=mgsing! f&

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

Tmin = Mgsing- nymgcosq and Tmax= Mgsing+ nymgcosq

Therangeof tensionds: Ty,in @ T 8 Tmax



