Problems - Chapter F
Physics 2425 - Dr. Terry Honan

a Problem F.1
A 600N forcepushesrefrigerator8 m alongafloor. Whatis thework doneby theforce?

Solution to F.1
For aconstanforcein onedimension:

W = F Dx = 600u 8 = 4800J
a Problem F.2

Juniorlifts a20N weightslowly (assumeeroacceleratioratall times)a distaceof 1.5m. Whatis the
work doneby Juniorandwhatis thework doneby gravity?

Solution to F.2

Thelifting forceis the sameastheweightin magnitude.W = F Dx is thework doneby a constant
forcein onedimension.F andDx shouldbeviewedasonedimensionalectorsithedirectionof aone
dimensionalectoris its sign.

Wjunior= FDx=20p1.5=30J and
Wgrav= F Dx= (- 20 u 1.5= - 30J
a Problem F.3
ConsiderthevectorsA = (- 2, 5, - 3y andB = (- 1, 0, 2).
(a) Whatis theanglebetweerthetwo vectors?

(b) Whatis theanglebetweerA andthe positivez axis?

Solution to F.3
ThedotproducthasA-B = ABcosqand A-B = A, B, + A, B, + A, B, asalternativedefinitions.

(a) To find theanglebetweenwo vectorswe equatehetwo definitons. To evaluatehis dot product,.
sincewe aregiventhe component®f thetwo vectors the seconds the definition we need

AB=AB+AB+A B, =(-2(- D+5@D+ (- HR@=-4

The the magnitude®f thetwo vectorsare

A=+v22+52+32 =+/38 andB=+1+0+22 = /5.
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Now we canfind theangle.

A-B=ABcosq+ q=cosl % = cos ! = 106.9+

—4
V38 V5
(b) Theanglebetweera vectorandthez axis canbe by repeatinghe aboveproceduraeplacingB

with e,. Generally thedot productof anyvectoranda unit vectorgivesthe componendf thevector
in thedirectionof the unit vector.

A=A 0+A 0+A1=A,=-3

A2 _
129 _ ool =3 = 119.14
Al V381

q= cos

a Problem F.4

A 20N block, initially atrest,is dragged m alonga horizontalfloor by arope. Theropehasaten
sionof 12N andmakesanangleof 251 abovehorizontal. A friction forceof 9N actsbackward.

(a) Therearefour forcesacting:thetension friction, thenormalforceandgravity. Whatis thework
doneby eachforce?

(b) Whatis thefinal speedf theblock?

Solution to F 4

(a) Therearethreeforcesactingon the block: thetension the normalforceandgravity. Thework
doneby a constanforceis:

W =F-DF = F Dr cosq.

Gravity andthenormalforce areperpendiculato the directionof motion (horizontal)andthusdo zero
work.

WN =0= Wgrav
Thetensionforce doespositivework:
W =T Dr cosq= 12u5c0s25+= 54.379= 54.4J.
Thefriction force f, opposeshedirectionof motionanddoesnegativework:
W; = f; Drcosl80+= - f; Dr=-9u5=- 45J.

(b) Thework energytheorenrelateshe network to the changan thekinetic energy. Thenetwork is
the sumof theworksdoneby all forceactingon thebody (all forcesint hefree-bodydiagram). In this
casewe have Wpet= Wy + Wy + Wgrav+ Wy

1
Wnetz DK WT+ Wf+ Wgrav+ WN = E m(V%' V2)

l

L] - :l 2_
TDrcosg- f,Dr+0+0 Zm(vf 0
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a Problem F.5

Consideraforceof F(x) = 6 x2- 20 (in Slunits). If thisactsonabodythatmovesfrom x=2m to
x = 4m thenwhatis thework doneby theforce?

Solution to F.5
For avaryingforcein onedimensionthework is

W= f;lf F(X) &Xx.
Heerewe get:
W= [}(6x2- 20)ax=(2x3- 20x)|5= 48- (- 24)= 72N
a Problem F.6
It takesa 60N forceto compress spring4 cm.
(a) Whatis thework doneby the springwhenit is compresseffom O to x = - 4cm?
(b) Whatis thework donein compressinghespringin part(a)?

(c) Whatis thework doneby the springwhenit is compressefrom the stretchegositionof
X=2cmtox=-4cm?

Solution to F.6
We first needto find the springconstant.

F=Kkx e k:E:ﬂ:15OON/m
x 0.04

Thework doneby a springbetweerk; andxf is

—_1
Wspring‘ "5 k(szf- xlz)
(@)x; = 0andx, =-0.04m «  Wgping=- 1.2J

(b) When someagentcompressethe springit doesthe negativeof this.
Wagent: - Wspring: +12J

(€)x; =0.02mandx, = - 0.04m «  Wgpjng=- 0.9J

a Problem F.7

A 3kg massintially atrestatx = 0 is acteduponby a singleforce givenby thegraphbelow. Whatis
the speedof themassatx=2m, x=5mandx=7m.
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Solution to F.7
We needto usethework energytheoremwherethenetwork is thework doneby theonly force

= . =1m2- ) =1m2 . = [ ¥
Whet= DK W Zm(vf vl) zmvf Vg

Foravaryingforcein onedimensionthework is
— [Xf x
W_in F(X) &x.

This hasthe graphicalinterpretatiorasthe areaunderthe graphof F vs.x. Herewe canfind theareas
usingsimplegeometry. Remembethatwhenafunctionis belowthe axisthe dontributionto thearea
is negative. Denotethework from 0 to x by W,.. Usingm= 3 kg we canfind 72

Wop= 22130=30J « v = /%W =4.477

W05=W02+ W23+ W35=30+ 1[.130"‘ 30=90J - Vf:775%

W07:W05+W57:90- %2“15:75J d Vf:707%

a Problem F.8

A mandoeswork W pushinga carof massm from restto a speeds overadistanced onahorizontal
surface. A resistiveforce actsbackward.

(a) Whatis thework doneby theresistiveforce?
(b) Whatarethe pushingforce andthe magnitudeof theresistiveforce?

(c) Givetheanswerdo parts(a) and(b) usingthenumbers:
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m= 1600kg, v = 1.5%, W = 2400Jandd = 6m

Solution to F.8

(a) Theonly two forcesthatdo work on the cararethe pushingforce andtheresistiveforce;the nor-
mal forceandgravity areperpendiculato thedrectionof motion. To dothis usethework-energy
theoremwith Whet= W+ Wp.

Whet= DK » W+WR=%V2-O' W =22 -W

SIE

(b) Fromtheworksit is easyto gettheforces.
W=FDrcosqg=Fd e+« F=W/d

Wp=FDrcosq=-Rd + R=-Wy/d=W/d- 2”1_dv2
(c) Usingthevaluesm= 1600kg, v= 1.5%, W = 2400J andd = 6 m we get:

Wp = %\ﬂ - W = 1800- 2400= - 600J,

F=W/d=2400/6= 400N and R=Wp/d=600/6= 100N
a Problem F.9

(a) A block of masam slidesfrom resta distanceD downanincline atangleq beforehitting a spring
thatis parallelto theincline. It compressethe springanadditionald beforestoppingandturning
around. If the coefficientof kinetic friction is mthenwhatis the springconstant?

(b) Solvepart(a) numericallyusingm= 20kg, D = 40cm, d = 10cm, g= 35t andm= 0.2C.

Solution to F.9

HerethemechanicaénergyisE = % mv2 + mgy+ % kx2. Sincethereis friction it is notconserved.

Wne= DE= 2 m(v2 - v2)+ mgDy+ Zk(x2- %)

1 4

W is thework doneby friction. Friction actsoppossitdo thedirectionof motionsoits work is
Wf = - f (D +d), whereD + d is thetotal distancait slides. The magnitudeof theforce of friction is

f, = m N = mN. Sinceonly thenormalforce andthe perpendiculacomponenbf gravity actperpen
dicularto thesurfacethenN = mgcosg. Puttingthis all togethergives

Wne = Wf =- fL (D+d)=- mmgcosq(D + d).

Theblockis atrestin boththeinitial andfinal cases.

v,~=0=vf

Thetotal distanceit slidesis D + d sotheverticalpartof thatis (D + d) sing. Since thenetmotionis
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downwardwe get:
Dy=- (D+d)sing.
Initially thespringis uncompressedndin theendit is compressedy d.
x;=0 andxf =d
The expressiorior W = DE becomes
- mmgcosq(D +d) = 0- mg(D + d) sing+ % kd?

Solvingfor k givesthe somewhatigly expression

= Z:Z"—Zg (D +d)(sing- mcosq)

(b) Usingm= 20kg, D = 0.40m, d = 0.10m, g= 351 andm= 0.2( gives
k=8030N,
m

a Problem F.10

A massswingsin averticalcircle attheendof astringof lengthL. Whatis the minimum speedhe
massmusthaveat the bottomof thecircle for the massto makeit overthetop without thestring
collapsing.

Solution to F.10

We first needto find the minimumspeedat thetop to makeit overwithoutthe stringcollapsing. This
partis achapterE problem. Thetwo forcesarethetensionT andtheweightmg, bothactingdown
ward. Theaccelerations centripetalwhichis downward. The secondaw gives:

2
Fhete=ma, ¢ T+mg= mvf.
SettingT = 0 givestheminimumspeedat thetop, Viin top

2
Vmin,top
O+mg=m—-—"+  Vmintop= VYL

Eneergyis conservedsowe canrelatethe energyat the bottomto the energyat thetop.

Vtz)ottom: Vtzop + 2gh, wheretheheightdifferenceish= 2L

2 — \2 — —
Vinbottom™= Vmintopt 29N =9L+29(2L) *  Vninbottom™= v S9L

a Problem F.11

Considera (frictionless)waterslidefor children. Thsslideis shownin redwith the bottomof theslide
beingaquartercircle of radiusR. Thewaterline is shownin blue.
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A child startsfrom restat the heightH abovethe water(the highestpointontheredslide.) At some
point P thechild will leavethe surface.Whatis the heighth of thatpoint P abovethewater.

Solution to F.11

To relatethe speedat the highestpointto the speedr at someotherpositionuse
2 — 2
Vbottom™ Vt0p+ 2gh’
The heightdifferencebetweerthetwo positionsish’ = H - h, sothespeedatheighth is:
V2= 0+2g(H- h).

We canfind thenormalforceN asafunctionof heightby resolveforcesinto the centripetadirection

2
Fnete =mMa. * mgcosq- N= m%

g is theangleof thechild measuredrom thetop of thecircle. cosq= h/R. Since N” 0 thechild
will leavethesurfacewhen N = 0. Thisgives: gh= V2

Equatingthetwo expressiongor V2 gives:

gh=v?= 0+2g(H-h » h=%H

WIN
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a Problem F.12

ConsiderAtwood'smachinewith africtionless light pulley. Thesmallermassm, is onthefloor
while thelargermassm, is aheighth abovethefloor.

(a) If it is releasedrom rest,thenwhatis the speedf m, whenit hitsthefloor.

(b) After my, hitsthefloor my is atheighth. It continuesupwarduntil it eventuallystops. Whatis the
maximumheightreachedy m;

Solution to F.12
(a) Thereis kinetic energyandgravitationalpotentialenergyfor bothmasses. Thetotal energyis:
_1 2.1 2
E= > m1v1+§ Mp V5 +mMy gy +Mp gyo.

Thetwo speedsireequal v = v, = v,. Equatingtheinitial andfinal energiegjivesandexpressiorfor
the speed.

Ej=E; + 0+0+0+mygh= %m1v2+%m2v2+mlgh+0

e v= |2 (M g) h
m1+m2 '
(b) To find themaximumheightof my solvefor how highit risesafter m, hitsthegroundandthe
stringlosesits tension. Theanswerto part(a) is thespeedf m; whenthestringlosesits tension.

Using V%ottomz Vt20p+ 2gh weget v = 0+ 2gh’, whereh’ is thedistanceaboveh. Themaxk
mum heightis h + b’

h+h' = h+ 22" p = 22
mq+mo mq+mo

a Problem F.13

Massmy slideson a horizontaltablewith a coefficientof kinetic friction of m It is connectedo a
hangingmassm, thatis initially ataheighth. Whatis the speedof m, whenit htsthefloor?

Solution to F.13
The speedsf thetwo massesrethesamev; = v, = v. Thetotalkinetic energyis

-1 2.1 2 _ Mmytma 2
Kiotal = 5 M VI +5 M V5 = ==V

Friction is theonly nonconservativéorce. Thesliding massmovesthe samedistanceasthe hanging
mass. Wpe = Wf =- fiDx=-mmgh
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Whc = DKtot + DUt

+
+ W= ZUE2 (2o )+ my gDy, +mpgDy;
o _ - mq+mo 2_ i
m m; gh > (vf O)+O+ng( h)

. _ ma—Hk My
Vf \/ 2 g h mq+mo

a Problem F.14

Givenapotentialenergyasa functionof positionin two dimensionsis Sl units,is :
Ux y) = 4x2y- 7y

(a) Whatis theforceasa functionof position?

(b) Whatis theforceat(- 2m, 3m)?

Solution to F.14
(a) We takepartialderivativesof the potentialenergyto gettheforceasa functionof position

Fy=- ‘;—Z:-(-Sxy- 0)=8xy

- F=(8xy, 14y- 4x2)
(b) At (X, y) = (- 2m, 3m):
F =¢(- 48 26)N



