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SOLUTIONS TO PROBLEM SET 4

1 Young & Friedman 5-26

A box of bananasveighing40.0N restson a horizontalsurface.The coefficientof staticfriction betweenthe box
and the surface is 0.40, and the coefficient of kinetic friction is 0.20.

(a) If no horizontal force is applied to the box and the box is at rest, how large is the friction force exertedon
the box?

Staticfriction is therelevanttype for an objectat rest,andwould opposea horizontalforce. With no appliedforce
in the horizontal there’s no friction force either.

(b) What is the magnitude of the friction force if a monkey appliesa horizontal force of 6.0N to the box and
the box is initially at rest?

Themaximumpossiblestaticfriction forcethis box-surfacenterfacecouldproduces fsmax= HsN = (0.40) (40.0) =
16N. The applied 6.0 N is below that maximum, so static friction will negate it with an opposing force of 6.0 N.

(c) What minimum horizontal force must the monkey apply to start the box in motion?

The monkey would need to apply more than 16 N, as calculated in part (b).

(d) What minimum horizontal force must the monkey apply to keep the box moving at a constant velocity
once it has been started?

In orderthat it move at a constantvelocity, the net force on the box shouldbe zero. The monkeywill needto
balancethe friction force by carefully applyinga force of equalmagnitudeandoppositedirection. A moving box
is in therealmof kinetic friction, sowe usethe kinetic friction coefficientto calculatethe necessarappliedforce:
|Fapp|ied] = |fk| = N = (0.20) (40.0) =8.0N.

(e) If the monkey applies a horizontal force of 18.0 N, what is the magnitude of the friction force?

18.0N is morethaneitherthe staticor kinetic friction arecapableof opposing,soin this casethe box will always
experience hethorizontalforce andhenceaccelerateAt anytime whenthe box’s velocity is nonzerothefriction
force will be 8.0 N as in part (d).

Onecould arguethat evenan acceleratingpbjectcanhavezerovelocity for aninstant,andin suchan instantthe
maximumstatic friction force, 16 N, would exist instead. Howeverit's unlikely that our empirical formulaefor
friction forces are so reliable as to pertain to such an extreme case.



2 Young & Friedman 5-38

A boxwith massmis draggedacrossa level floor havinga coefficientof kinetic friction pk by aropethatis pulled
upward with an angle 6 above the horizontal with a force of magnitude F

(a) In terms of m, yk, 6, and g, obtain an expressionfor the magnitude of force required to movethe box with
constant speed.

A free-body diagram will be invaluable in determining the necessary force.
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There’snoacceleratiorin theverticaldirection,sothesumof theverticalforcesmustbezero,i.e. N—mg+F sin6 =
0. This gives us Nwhich we don’t know the value of, in terms of Which we also don’t know the value of (yet).

N =mg— Fsin6

The problemaskshow to producea constanthorizontalvelocity, which requiresthe sumof the forcesin the hori-
zontal to also be zerd- cosO — fx = 0. Sincefx can now be written in terms of ,fwe can solve for F

Fcosb = fk
= N
= Wk (mg—FsinB)
F (cosB+ k sin) = pxmg
F - Hkmg
(cosB + pk sind)

(b) Knowing that you are studying physics,a CPR instructor asksyou how much force it would take to slide
a 90-kg patient acrossa floor at constantspeedby pulling on him at an angle of 25° abovethe horizontal. By
dragging someweights wrapped in an old pair of pants down the hall with a spring balance,you find that
Mk = 0.35. Use the result of part (a) to answer the instructor’'s question.

Despitethecompellingplot aboutCPRandold pants this questionis simply askingyouto plugm= 90kg, 8 = 25°,
lk = 0.35, and g= 9.81 3 into the last equation of part (ePoing so yields F= 293N.

As a sanitycheck(to confirmwe got a sensiblenumberfor F), notethat293N is the verticalforce requiredto lift
a 30-kg personup off the ground. Comparingto the 90-kg personin the problem,this agreeswith our everyday
intuition that even with friction present it's easier to drag a heavy object across the floor than to carry it.



3 Young & Friedman 5-62: A Rope with Mass.

In most problemsin this book, the ropes,cords, or cableshaveso little masscomparedto other objectsin the
problemthattheir massesansafelybe neglected But if theropeis the only objectin the problem,thenclearlyits
masscannotbe neglected For example supposave havea clotheslineattachedo two poles. The clotheslinehasa
mass M and each end makes an angle 8 with the horizontal.

The curve of the clothesline, or of any flexible cable hanging under its own weight, is called a catenary.

(a) What is the tension at the ends of the clothesline?
To find thiswe needto treattheropeasif it weremadeof threeseparat@ieces:two very short(infinitesimal)ropes

of mass« M and one large object of mass M

Now we can draw a free-body diagram for the large object.
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A symmetryargumentanbe usedto demonstratéhat both shortropesmustbe underthe sametensionT. Thatis
to saythe physicalsituationis identicalif onelooksinsteadat the left-right mirror imageof the problem,sothere’s
no way the two ends’ tensions can be unequal.

From here we note that there is no vertical acceleration, which means the sum of the vertical forces must be zero.
TsinB+Tsinb—Mg = O
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(b) What is the tension at the lowest point?

At its lowestpoint, the centerpoint, theropeis horizontal.Only horizontalforce cancontributeto thetensionthere.
Also, sinceno part of the ropeis acceleratinghorizontally, any segmentof the rope feels a force to left andan
identicalforceto theright. In otherwords,the horizontalforce is constanthroughoutthe rope. From part (a) we
know at eachendthe horizontalforce on theropeis T cosB = % cotf, sothat'salsothe valueof thetensionat the
center.

(c) Why can’t we have 6= 0?

This can be approached from two equally valid perspectives.

We can arguethat becausdorce dueto tensionexistsonly in the direction of the rope’slength,if 8 were0 the
ropewould be horizontalandtensioncould in no way counteracthe force of gravity. The ropewould inevitably
accelerate downward.

We canalso showthat the specificresultsof parts(a) and (b) becomeunphysicalin the limit that®@ — 0. Since
sin0 = 0, T would be infinite, which not even the best-crafted rope could withstand.

4 Young & Friedman 5-77

Block A weighs1.40N, and block B weighs4.20N. The coefficientof kinetic friction betweenall surfacesis
0.30.Find the magnitude of the horizontal force F necessanyto drag block B to the left at a constantspeedif
A and B are connected by a light, flexible cord passing around a fixed, frictionless pulley.
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Free-body diagrams are profoundly helpful in visualizing the many forces at play here.
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If block B is to movewith no accelerationthendueto the cord block A mustundergono acceleration.Thusthe
total force on eachblock will be zero. Let's write downthe equationfor the horizontalmotion of block B andsee
what we need to figure out.

F-T—-fkgr—fkga = 0
F = T+ fker+fkpa



Finding fk ga, the magnitudeof the friction force that A exertson B, will be the simplest,sinceit hasthe same
magnitudeas fx ag by virtue of thetwo being Third-Law spousesThe free-bodydiagramfor block A lookslike a
simplefriction problemwe’ve encounteredeverakimes,sowe caneasilycalculatethekinetic friction on A dueto
its contact with B.

fi.Ba = fk,.AB = lKMAQ

We've already deduced that block A feels no net force, so the cord’s tension must balance the friction force on A.

T = fk.aB = lkMAQ

Thatleavesuswith thefriction betweerthetableandblock B. This is alittle tricky becausehe weightof A is an
externallyappliedforceon B, soB transmitgthis forcedownonthetablealongwith its ownweight. Soin response,
the normal force on B isnfia + mg) g. This makes the friction force between the table and block B

fk.BT = Mk (Ma+MB) g

Now we can solve for F

F = MMag+ Mk (Ma+Mg)g+HMag
H< (3ma+mg)g

(0.30) (3) (1.40) + (0.3) (4.20)

= 252N



