Problems - Chapter E
Physics 2425 - Dr. Terry Honan

m Problem E.1
(a) Whatis the centripetalradial) acceleratiorof a pointonthe earth'sequator?

(b) Give anexpressiorfor the centripetalcceleratiorasa functionof thelatitudeangle, g . Whatis
this atthelatitudeof Bryan, Texasatq_ = 30.74?

(c) Whatarethe speed®f a pointatthe equatorandat Bryan, Texasdueto the eaarth'sotation?
(d) Theearth'srotationis slowingatarateof 2.2s every100,000years..

at _ DT _ 23s
at Dt 100,000 years

Whatis the (very small)tangentiakomponenbf theacceleratiorof a pointon the earth'sequator?
Hint: usethechainrule.

a 2pr __2pr ar

Solutionto E.1

Fortheearth: T = 1day= 24@600s
(a) At theequator:

= . -3 2P = m
r=Rg ac= 3o Q600ﬁ6.37p106 0.0337 >

Comment: Comparedo the gravitationalacceleratiorof g, thisis smallbut not negligible.
(b) ristheradiusof thecircle butsomethingon therotatingearthmovesalonga paththattracesa
latitudeline. At somepoint otherthatthe equatorthisis:

r=Rgcosq, * ac= |‘0.0337§QJ cosq

q. =307t qac= 0.0290§

(c) Thespeeds foundform theperiod: v = 2_$_r

At equatory = —22 6,37 10° = 4632
24600 s
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At Bryan:v= —2P 6371100 c0s30.7+= 398“l
243600

(d) To find thetangentialcceleratiorusea; = avear andthehints.

av _ & 2pr __2pr &T _ _2pr DT _ _ 2PRe 23s
at at T T2 at T2 Dt H dayl? 100,000 years

__ 2pRe 23s  __ 2p6.37u108 23 =391u10 15 m

H dayl2 100,000 year 1241360012 100,000 H365.241243600L 2

m Problem E.2

A cardrivesarounda200m radiuscircle with a speedhatdecreaseaniformly from 30mesto
20mesin 8s. At theinstantthespeeds 25mes then:

(a) whatis thecentripetalacceleration,
(b) whatis thetangentialacceleratiorand

(c) whatis themagnitudeof theacceleration?

Solutionto E.2

2
@) ac= Y 7_ 2° = 31252

200 s
_ &v_ Dv_ 20-30 _ _ m
(b)a= =Tl =20 =-1257
(C)a—\/ +at —337”l
m Problem E.3

While movingin acircle with a12m radiusthe speedf a particlevarieswith time by

vHL= 2+ 107- 472 in Slunits. At r = 2s whatarethe centripetalandtangentiacomponentsf th
acceleration?Also give the magnitudeof thetotal acceleratiorandthe angleof this acceleration

measuredelativeto the centripetadirection.

Solutionto E.3
2 V2 62 m
vHL= 2+ 107- 41t » vE2sSL=6 - CIC:T:—:3—2

@HL:]-O'SI' %—VWSL:-GO at:@:_Gﬁ
at at

a=+la 2+at —671m
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q=tarr | & = 63.44
ac

m Problem E.4

In the Bohr modelof the hydrogenatoman electronmovesin acircle of radius5.29u 10" ! m with a
speedof 2.20u 10° mes. Whatnetforceis neededo producethis motion.

Solutionto E.4

¢ Fpet=ma=911p10 31 ¢=8.34u10 8N
m Problem E.5

A smallblock sitson aturntablethatrotateswith a periodof 3s. If the coefficientof staticfriction
betweerntheturntableandtheblockis 0.4 thenwhatis thelargest distanceheblock canbefrom the
centerwithoutslipping?

Solutionto E.5
Newton'ssecondaw in the centripetadirectiongives:

Fnet’C:maC b fS:sz—TE'\%I"
andin theverticaldirection
Fnet,ver:maverzo * N=mg.
The constraintforce of staticfriction satisfiesheinequality fs @ ng N. Insertingourinformationfrom
aboveinto thisinequalitygives
m J2—TE|\% ranmymg.

Thelargestradiusry,x Saturateshisinequality.

sz—TEI\% Fmax = MEmg *  rmax = N ngT—pl\% =0.4pu 9.8OJ23—p|\% = 0.894m
m Problem E.6

A FerrisWheelhasaradiusof 30m androtatesonceevery40s. Whatarethe minimumandmaxk
mum normalforce of theseatona160lb man. A Ferriswheelrotatesn averticalcircle andarider
alwayssitsupright.

Solutionto E.6
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The extremecaseshouldbeatthe bottomandatthetop sothatis all we needto consider. Themagni
tudeof theaccelerations the sameeverywherean thecircle.

ac= J2—T9|\7| r= J%gﬁ 30= 0.7402;

Sincewe aregiventheweightthemassis W ¢ g andwe canwrite

mag= W 2 = 1601 974022 — 15 og5p
g 9.80

N
N
W W
at top at bottom

At thetoptheaccelerations downward.

Fpet=ma* W- N=mac* N=W- mac=160- 12.085= 148Ib
At the bottomtheacceleratias upward.

Fpet=ma* N- W=mac* N=W+mac=160+12.085=172Ib
It follows thatthe minimumandmaximumnormalforcesare1481b and162Ib.
m Problem E.7
A massn is movesin averticalcircle attheendof astringof lengthL.
(a) If atthebottomthe masshasa speed’ thenwhatis thetensionT in thestring?

(b) If atthetopthemasshasaspeed thenwhatis thetensionT in thestring? Whatis the minimum
speedhe masscanhavewithoutthe stringlosingits tension?

Solutionto E.7
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T
a
mg mg ac

at bottom at top

(a) Theaccelerations directedtowardthe centerof thecircle, which is upwardin this case.
Fpet=ma e+ T-mg=mag * T=mac+mg=mKVf+gC

(b) At thetoptheaccelerations downward.
Fpet=maes T+mg=maces T=mac- ngmK%-g(

The minimumspeedatthetop is whenthetensionis zero.

T=0° vg,=VegL
m Problem E.8

A massn is movesin averticalcircle attheendof astringof lengthL. If themasshasaspeed, at
angleq measuredrom verticalasshown thenwhatis thetensionT in the stringat thatposition. Also,
find thetangentiakomponebf theacceleratiorat thatposition.

N\

Solutionto E.8
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Heretherearebothtangentiandcentripetacomponent®f theacceleration.Thetensionforceis in
the centripetaldirection,sothatis whatwe mustconsider.

2 2
Fpetc=mac * T+mgcosq=m=« T=m- mgcosq
’ r r

Thetangentiacomponenbdf theacceleratioromesfrom the othercomponenbdf theweight. The
tangentialdirectionis thedirectionof thevelocity; this givesa negativecomponent.

Frett=mat »  -mgsing=mat * ay= - gsing

m Problem E.9

We sawin the ChaptelD notesthata pendulumn anacceleratingartwill hangatananglegivenby
ac
tang= —.
d g

Treatingtheacceleratingartasanacceleratingramereanalyzehe problemto derivethe sameresult.
Whatis thetensionin thestring?
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Solutionto E.9

A forwardacceleratiortorresponds$o a backwardartificial gravity. A suspendedbjectwill hangin
the directionof the effectivegravity g.¢ = g + g4¢ - Theangleis givenby:

= tar | (g)
a g
Thetensionis justthe effectiveweight.
T = Wegr = mgege = my a* + g2
m Problem E.10

This is anextensiorof problemE.1. Definetrue vertical to bethedirectionpointingtowardthe center
of theearthandassumehe earthis a perfectsphere.A plumbbobwill nothangin thedirectionof

true verticalbutwill hangin thedirction of the effectivegravity g.¢. Thelatitudeof Bryan Texasis
q_=30.74

(a) Whatis the strengthof the effectivegravity g.¢ at BryanTexas takingg = 9.80m’ s? asexact?

(b) Whatis theanglebetweertrue verticalandthedirectionof g.¢ atBryanTexas?

Solutionto E.10
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(a) Usethelaw of cosinedo find g, ¢¢.

Seff = \/g2 + g2~ 28 gart COSY = \/9.802 +0.029¢ - 219.801 0.0289c0s30.7+ = 9.78 %

S

(b) To gettheanglef in thediagram,usethelaw of sines.

sinf _ sing_ . sinf _ sin30.7+ e f =00867

Jart  Oeff 00290 978

m Problem E.11

Theabovegraphicsrepresena glassof watersliding downanincline. View theglassasanacceler
atedframeandanswetthefollowing:

(a) Which describes glasssliding downafrictionlessincline?

(b) Whichdescribes glassslidingdownanincline in the casewherethefriction is suchthatthe
speedof theglassis constant?

(c) Whichdescribes glassslidingdownaninclinein the casewherethereis slightfriction, sothat
the speedf theglassis increasing?

(d) Whichdescribes glassslidingdownanincline in the casewherethereis high friction, sothatthe
speedof theglassis decreasing?

Solutionto E.11

The surfaceof thewaterwill be perpendiculato the effectivegravity g.¢ atthatposition.
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(a) If theinclineis frictionlessthentheaccelerations a = g sinq andwaterlevelis parallelto the
surface. This givescase(D).

(b) If thefriction causes constantwelocity, thentheacceleratiornis zeroandg.¢ = g . Thisgivesa
horizontalwaterlevel andcase(B).

(c) If thefriction causesnincreasingvelocity,then g is betweemormalto the surfaceandverti-
cal, andthusgivescase(C).

(c) If thefriction causes decreasingelocity, thentheaccelerations up theincline andg,, is down
theincline. This skewsthewaterlevelto case(A).
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Jeff

Notethatcase(E) would correspondo someexternalforce,for exampleatension pulling theglass
downtheincline with anacceleratiorgreaterthan g sing.

m Problem E.12

The outsiderim of arotatingspacestationhasa 150m radius. It is desiredto createanartificial
gravity wherea 1501b manhasanatrtificial weightof 50Ib. Whatperiodof rotationis neededo do
this?
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11

Solutionto E.12

Using W = m g, we canrelatetheartificial weightto the earthweight.

w g 150 g art = 38

W | =

Since g,« = - @ wehave g, = ac and ac = J%EI% r.

= = %E [ = L = 150 =
8art = dc JTI\%r T=2p /gart 2p /9.80.3 42.6s




