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SOLUTIONS TO PROBLEM SET 8

1 Young & Friedman 7-38

A 2.00-kgblockis pushedagainsta springwith negligiblemassandforce constank = 400%, compressingt 0.220
m. Whenthe block is releasedit movesalonga frictionless, horizontalsurfaceandthenup a frictionlessincline
with slope 370°.

m=2.00kg
k =400 N/m

AV
% 0.220 m —}

(a) What is the speed of the block as it slides along the horizontal surface after having left the spring?

Theforcesinvolvedhere(springforce,gravity) areconservativesothetotal mechanicaknergyremainsunchanged
throughout the motion.

KEhorizontatsliding + I:)Ehorizontatsliding = KEcompressingpring+ F)Ecompressingpring
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(b) How far does the block travel up the incline before starting to slide back down?

At thetop of its trajectory,the block will be momentarilyat rest.In part(a) we implicitly chosethe zeroof gravita-
tional potentialenergyto be at the horizontalsurface.Whenthe block travelsa distance/ up the ramp, it will bea
height 4sinB above that origin.

KEtop + PEtop = KEcompressingpring+ I:)Ecompressingpring
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2 Young & Friedman 7-51

A skier starts at the top of a very large frictionless snowball, with a very smallinitial speed,and skis straight
down the side. At what point doesshelosecontactwith the snowball and fly off at a tangent? That is, at the
instant shelosescontactwith the snowball, what anglea doesa radial line from the center of the snowballto
the skier make with the vertical?

4

Call theskier'smassamandthe snowball’sradiusr. Choosehe centerof the snowballto bethezeroof gravitational
potential. We canlook at the velocity v asa function of the anglea andfind the specificajiof at which the skier
departs from the snowball.

If we ignoresnow-skifriction alongwith air resistancethenthe onework-producingforcein this problem,gravity,
is conservative.Thereforethe skier’s total mechanicaknergyat any anglea is the sameas her total mechanical
energy at the top of the snowball.

KE(a)+PE(a) = KE(a=0)+PE(a=0)

%m[v(a)]2+mgrcosa = %m[v(a:O)]ermgr

%m[v(oo]2 +mgrcosa A~ mgr

Onemight be temptedto includea potentialenergyterm arisingfrom the normalforce exertedon the skier by the
snowball.Remembethatthe normalforceis incapableof doingwork becausehatforceis alwaysperpendiculato
the direction of an object’'s motiomhere cannot be a potential energy associated with it.



Thelastline of the aboveequationswill betrueif the “small” initial speedv(a =0) < ,/gr. In thatcasewe can
rearrangeéheaboveequationto find therequisitecentripetaforcefor keepingtheskieralongthepresumablircular
path.

m{v(a)]? — 2mg(1— cosat)

The centripetalforce (dueto gravity) will be mgcosa, sothe skierwill remainon the snowballaslong asgravity
can hold her to that path, i.as long as
mgcosa > 2mg(1— cosa)

Any radial gravitationalforce beyondwhat is necessaryor the circular motion will be balancedby the normal
force—or else the skier will sink into the snowball.

The expression for gof turns out to be very simple:
3coson > 2

2
Ajiftoff = arcco&g:48.2°

It has no dependence onm, or even g for that matter.

3 Young & Friedman 7-62

A 2.00 kg packageis releasedon a 53.1° incline, 4.00 m from a long spring with force constantlzo% thatis
attachedat the bottomof theincline. The coefficientsof friction betweerthe packageandtheincline areps = 0.40
and |k = 0.20. The mass of the spring is negligible.

(a) What is the speed of the package just before it reaches the spring?

Let’'s choosehe +x-axisto beuptheincline, with x = 0 atthe endof therelaxedspring. Thenthe packagestartsat
X = Xp = 4.00m. Energy conservation demands that

KE (x=0)+PE(x=0)-KE(X=Xy) ~PE(X=X0) = Whonconservative



%m[v(x:O)]erO—O—mg)gsine =
v(x=0) = \/2<V\rlgc+g>q)sin9>

Beforethe releasestatic friction may exerta force on the packagebut it doesno work becausavheneverstatic
friction is presentthe objectit actsonis motionlessIn contrastkinetic friction performsnonconservativevork on
the package during sliding.

where 6= 53.1°.
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(b) What is the maximum compression of the spring?

Keepingx = 0 attheendof theuncompressesdpring,call the positionof the packageat maximumspringcompres-
sion x=x; (xqwill be negative).This part is asking fofx;|. Again, energy conservation comes to the rescue:

KE(X=x1)+PE(X=x1) —KE(X=Xp) —PE(X=Xp) = Wi¢
0+ (mg>@sin9+$kx§> —0—mgxsind = pmMgcos (x; — Xo)

k
2mg(sinB — Pk coso)

X +x1—% = 0
At thispointit becomegonveniento introducetheshorthandotationA = W‘W =4.50for theparameters
in this problem.

AC+x1—% = 0

X = %\(_um)

= —1.06m

We discardthe positiveanswerfor x;, 0.838m, on the groundsthatwe arelooking for acompressiomf the spring.
The spring is compressed 1.06 m.



(c) The package rebounds back up the inclineHow close does it get to its initial position?

Define x= x, as the farthest point reached on the rebound.

KE(X=X2) +PE(x=X2) —KE(X=Xp) —PE(X=X0) = Wi
X X
0+ mg»%sin® —0—mgxpsin = /1ukmgcosedx+/2(—ukmgcose) dx
X0 X1

Notethaton the secondupward)leg of thetrip, thekinetic friction force pointsdowntheincline, asopposedo up
during the first legHence the minus sign in the second integral above.

mgsinB (X2 —Xp) = MMQYCosO (X3 — Xo) — PMQCosh (X — X1)
HkmMQgcosO (2% — X2 — Xo)
(SinB+pkcosB)x, = Xo(SINO — Py cosB) + 2% L cOH
Xo (tan — pi) + 2xa b

tand + p
= 2.68m

Xo =

The package rebounds tpx x, = 4.00— 2.68= 1.32m beneath its starting point.

Note that we could instead have started with the equation

KE(X=X2) + PE(x=X2) —KE (x=x1) —PE(X=X1) = /X2 (—mgcosH) dx

1

and reached the same conclusion.

4 Young & Friedman 15-30

While running, a 70-kg student generatesthermal energy at a rate of 1200W. To maintain a constantbody
temperature of 37°C, this energymust be removedby perspiration or other mechanisms.f thesemechanisms
failed and the heat could not flow out of the student’s body, for what amount of time could a student run

before irreversible body damageoccurs? (Protein structures in the body are irreversibly damagedif body
temperature rises to 44°C or above. The specific heat capacity of a typical human body is 3480 J/kgeK,

slightly lessthan that of water. The difference is due to the presenceof protein, fat, and minerals, which have
lower specific heat capacities.)

With a constant power, P, the total thermal energy generated over thé liefiere damage occurs is.Pt

Pt=Q = MbodyChoayAT
MbodyChodyA T

[5)
(70)(3480) 44— 37)

1200
= 1400sec

t =

or about 24 minutes.



