PHYSICS 211 MIDTERM 11 12 May 2004

Exam is closed book, closed notes. Use only your formula sheet.

Write al work and answers in exam booklets.

The backs of pageswill not be graded unless you so request on the front of the page.

Show all your work and explain your reasoning (except on #1).

Partia credit will be given (not on #1). No credit will be given if no work is shown (not on #1).
If you have a question, raise your hand or come to the front.

(20 points)  For each of these multiple choice questions, indicate the correct response (A, B, C, or D (where
needed)) on the page for problem 1 in your exam booklet.

A block ison aramp that is at an angle 6 to the horizontal. Asthe angle 0 isincreased, the block remains
stationary (due to the static frictional force on it from the ramp) until a maximum angle 6., when the block
beginsto dide down theramp. If we double the mass of the block, and repeat the experiment, isthe new
maximum angle greater than, less than, or the same as the original maximum angle?

A) Greater than. B) Lessthan. C) Thesameas.

A ball istied to the end of astring and swung in avertical circle on earth. Thetensioninthestringis
congtant. Isthe speed of the ball larger at the top of the circle, the bottom of the circle, or the same at top
and bottom?

A) Larger at top. B) Larger at bottom. C) Sameat top and bottom.

i) An applefallsfrom atree and hits Sir Isaac on the head. The apple falls due to the force of gravity that the

earth exerts on the apple. Isthe magnitude of the force of gravity that the apple exerts on the earth greater
than, less than, or the same as the magnitude of the force of gravity that the earth exerts on the apple?

A) Greater than. B) Lessthan. C) Thesameas.

Kepler's 2™ law states that aline that connects a planet to the Sun sweeps out equal areasin equal times.
Thisimpliesthat the planet has its largest speed when it isin which relative position in its orbit?

A) Closest to the Sun. B) Farthest from the Sun. C) Same speed at all pointsin orbit.

The plot at right shows the values of aforce F that will act ona FroA
particle at the corresponding values of x. Theforceisaong the x-
axis and the particle starts at x = 0 with apositive velocity. At which B D

one of the four labeled points is the kinetic energy of the particle the X
greatest?




2. (20 points) A small ball of mass m hangs by a cord of length L

fromthe ceiling. Theball swingsin ahorizontal circle such that the 0
cord makes an angle 6 with the vertical, as shown at right. Thetime

for the ball to make onerevolutionist. Expressanswersbelow in
termsof m, L, g, T, and other constants as needed.
a) Find an expression for the angle 6. m

b) Find an expression for the tension in the cord.
c) If theball revolvesfaster, doesthe angle 6 increase or decrease?

3. (20points) A box of mass 5.0 kg is thrown down an inclined plane with an initial speed v, = 3 my/s. After
traveling adistance d = 4 mdown the incline, the box hits a spring (k = 108 N/m) whose other end is
anchored to theincline. Thereisfriction (u, = 0.5) between the box and incline during the first part of the
motion, but not once the spring is contacted. Theinclineisat an angle 6 above the horizontal, where
sing = 3/5. Assumeg =10 nV/s2. Ignore the size of the box.

a) What isthe speed of the box asit contacts the spring? Ad/v
b) How far isthe spring compressed before the box comes
torest?
k )\ My
0

4. (20 points) Planet Claire orbits around the star Antaresin acircular orbit at a distance of
l'op = 3.0 X 10" m. Planet Claire has aradius of R-=8.0 x 10° m and a mass of M. = 6.0 x 10** kg and
Antares has amass of M, = 6.0 x 10 kg. Assume G = 6.0 x 10™ Nn/kg®.

a What isthe period of Planet Claire's orbit?
b) What isthe gravitational acceleration on Planet Claire?
¢) Whereisthe net gravitationa force due to Planet Claire and Antares zero?

5. (20 points) A block of massm, isin contact with ablock of mass m, as m,
shown at right. Thereis no friction between block 2 and the floor, but there =
isfriction between block 1 and block 2, with astatic coefficient of p,. An —>
externa force F is applied to the back of block 2 and the two blocks move
to the right, without block 1 dlipping down the front of block 2.

Ms

a) What isthe acceleration of the two-block system?

b) What minimum force F,,, must be applied to block 2 to prevent block 1
from dlipping with respect to block 2?

¢) What isthe normal force of the floor on block 2?
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1. i) C Theangle6,, isthe angle where the maximum possible frictional force
(fsmax = UsN = nsmgcos) equals the weight component (mgsin®) down the

ramp. Doubling the mass will double both of these together, leaving the equality
(mgsin® =pgmgcosd = g = tanB) unchanged. Hence the angle is unchanged.

i) A Atthetop of the circle T and mg both point down, in the same direction as the
centripetal acceleration. At the bottom of the circle T points up and mg points
down, while the centripetal acceleration points up. Applying F = mato each
Situation gives T + mg = mv2/r at thetopand T—-mg = mv2/r at the bottom.
Since T is constant, the speed will be larger at the top of the circle.

i) C  Theforcesare equal and opposite according to Newton’sthird law.

iv) A Andliptical orbit is shown at right. Kepler's2™ |aw
of equal areasin equal times means that the area dA
swept out in atime dt is a constant, or that dA/dt is
constant. For small times, we can approximate the —  dA)
area dA as an isosceles triangle with height r and base
v, dt, where v, isthe component of velocity
perpendicular to the position vector. We thus find
that rv, isaconstant during the orbital motion. This
implies that the largest speed occurs when the planet
is closest to the sun.

v) B  Thechangein kinetic energy is given by the integral of the force, or the area
under the curve. If that areaincreases as X increases, then the kinetic energy will
increase. Aswe integrate from x = 0, the areaincreases until we reach point B,
after which it decreases, so the kinetic energy will increase until point B and then
decrease.
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2. Astheball travelsin acircle it experiences an acceleration toward the center of the circle.
Hence there must be aforce toward the center of the circle acting on the ball. Since gravity
points downward, only the tension in the cord can provide this centripetal force. Hence the
ball must hang away from the center of the circle as shown below, with the horizontal
component of the tension providing the needed centripetal force.

a) From the force diagram above, we can write down the two equations of motion for the

vertical and horizontal directions. Note that the radius of the circleisr =L sin®.

V2

Tsno=ma= mT
TcosO—-mg=0 = Tcosb=mg
Now divide these two equations and write the velocity in terms of the period:

sn® V2 1(2nﬁf__4n%__4n2Lgne

cos6 g rg 2= g

T gt gt
2
Ccos0 = grz
4L

2
0 = arcco grz
4L

b) Usethe vertical equation of motion to find the tension:

gt?

4Am°L

Tcosb=mg = T

=mg

4n®ml

TZ

c) If theball revolvesfaster, then the period t decreases. The equation for 6 tellsusthat if t

T

decreases, then cosd also decreases. The function cosd between 0 and /2 decreases as 6

increases. [Thus as T decreases, 0 increases.
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3. Consider the motion in 2 steps: 0->1 gravity and friction act, 1->2 gravity and spring act.

f(0->1) or F(1->2)

a) The speed of the box at spring contact (point 1) isfound by considering the work done by
gravity and friction:

W, = mg e d = mgdcos{ 3 —6) = mgdsing

W, = f, ed =—f,d = —u, mgd cos®

AK =W, + W

Ky — Ko =2mv{ — 1 mv§ = mgdsin® -, mgd cosd = mgd(sin® — , cos)

Vi =V +29d(sin® -, cosh)

v = V@ +29d(sinB - p; cosB) = \/(Bm/s)z +2(10nys?)4m(3/5- 0.5(4/5))

b) During compression of the spring the block travels from x, = 0to x,. Gravity also acts
during thistravel, giving:

Wy=mgxosin® ,  Wg=2kef - 1kes =-1kcd
AK =W, +Wq
Ky — Ky =0-3mvi = mgx,sinf— 3 kx3

1kx5 — mgx,sin6-2mvZ =0

rngsineir\/(mgsine)2+krnv12 mgsin® kvZ
Xy = = 1+ 1+ﬁ
Kk k mg-sin“o

_ 5kg(10m/'$?) 35 108N/m(5m's)® | 5
%= BN m 1+ [1+ 5kg(10m/ 32)2(3/5)2 = 18m[1+\/1+15]

[X; = 25/18m=1.389m
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4, a) Theforce of gravity provides the centripetal force to keep the planet moving in a
circle. Combine Newton's second law with his law of gravity to find the circular orbital

Speed.
F = MCa
GMaMc _ vV MC(anorb )2
lorb lorb Torb T
Ar?
= T
GM,
3
4n? 47?(3.0x 10 m|
T= |—T =
GM, °® "1 6.0x10 TN m?/kg? (6.0 x 10 kg)

1=544%10"s=1.72yrs
b) The gravitational acceleration isfound by equating gravity to mg.:

Fg = Mgc
GMcm
&:2 =
GMc  6.0x107'N m?/kg? (6.0x 10%* kg)
Oc = > = 6 _\2
RE (8.0><10 m)
e =5.625m/<?

¢) The net gravitational force will be zero somewhere between Claire and Antares, where
both pull on an object and the forces cancel (see diagram below):

FC - FA = O = FC = FA
GMcm  GMym  GMm
2 - 2 - 2
F%X RAX (rorb - I%x)

(fan=Ro)” _Ma _ Tap_,_ [Ma
F%x Mc Rex Mc Rax
Rey = forb  __Torb  __ Torb Forb
1+\/MA 1+\/106 1+1000
Mc A
Rex = 3.0x10%m Rex
Rax = —9— = —B — 2.997x10'm O
1_,_\/MC 1+%
Ma C
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5. Thefree body diagrams for each mass are shown below.

Mg mxg

a) Neither block accelerates vertically, and they both accelerate to the right with
acceleration a, giving the equations of motion

Nl = mla
fs—mg=0
F-N;,=mya
Ny — fs—mg=0
Plugging the first equation into the third allows us to find the acceleration of the system:
F-ma=mya

F=ma+ma=(m+m)a
F

T mm,
b) To find the minimum possible force F,;,, before block 2 slips, use the equation describing

the limitation of static friction:
fs <UsN;

mg s Ksma

a

<
rr]lg—us”hw]l+n]2

> (M+M)g
Hs

(M +mp)g

Us

¢) Thenormal forceisfound from the fourth equation of motion

Ny — fs—mpg=0

Ny = mpg + fs = mpyg+myg

Ny = (my +my)g

Fiin =




