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Name Student ID Score
last first

I1. (25 pts)

A cart of mass M is given a push toward the right, Py
and then allowed to coast. It has velocity V just . 4
before it hits a pendulum (initially at rest) also of N

mass M, and length L from point P to the middle of ~,
the pendulum ball. The collision is elastic and the
motion sensor shows that the collision takes At ~

seconds. L >

The pendulum eventually goes as far as the ~, .
position indicated by the dashed figure in the PRI
diagram.

' Cart h -
Motion

detector i i

L | LW 4

This track is level

Values: M =0.500kg, V=0400m/s, L=0.500m,and At =0.050 sec. Imagine the
uncertainties are very small.

12.  The speed of the cart after the elastic collision is
The mass of cart and pendulum are equal. Therefore in an elastic collision all the momentum and
kinetic energy is transferred from the cart to the pendulum, leaving the cart with V=0. Answer B.

13.  The average force exerted by the cart on the ball is

F=aP/at = MV/At = 0.500 x 0.400/0.050 = 4.0 N -- only 2 significant figures, since At is given to only
two significant figures. Answer B.

14, The pendulum swings until the height h is

Energy is conserved, with initial kinetic energy converting into a change in potential energy. Thus
(1/2)MV? = Mgh with V the initial velocity, and h the final height.
Thus h = V%(2g) = 0.400°/(2 x 9.80) = 0.00816 m = 0.816 cm  Answer B.

15.  Now imagine the uncertainty in V is 0.008 m/s and that in At is 0.015 sec. The uncertainties in
M, L and g are still very small. What is the fractional uncertainty in the calculated value of h?
h is proportional to V* so the fractional uncertainty in his .2 x (SV/V)
At does not enter into the computation of V so its uncertainty doesn’t contribute. ‘
Nole: Everyove gol cvedit W — Ausyan sl love oo
—— Zxa.wgwﬁ ':Ood‘(O( o'?q‘%

16.  When is the tension in the string of the pendulum the greatest? O.\oo byt tucve
The tension in the string includes the component of the weight along the string, plus the centripetal . s e
force. Both of these have maximum values immediately after the collision. Answer B Sucly o clowe
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[20 points] A small ball moves in a weightless, frictionless
environment. The ball moves with constant velocity v, to the right C
(without spinning). o Yo X

Three locations (all in the plane of the page} are marked: points A, B,
and C. One dashed line shows the straight-line path of the ball; other
dashed lines are drawn to help show the locations of points 4, B, and XA #
C.

Let “ Ly, , represent the angular momentum of the ball with respect to point A, © Ly, 5" represent the
angular momentum of the ball with respect to point B, etc.

r the instant shown in the figure:

17. [5 pts] Is the magnitude of I:ba“' a greater than, less than, or equal to the magnitude of Zbaan?

C. Equal to, and both are not zero

Using L=Fx P. the component of r (the vector pointing from the reference point to the ball) that is
perpendicular to the linear momentum pis the same for points A and B.

18. [5 pts] Is the magnitude of Eba“'B greater than, less than, or equal fo the magnitude of iba“‘c?

A. Greater than

Using reagoning similar to that in question 17, the component of r perpendicular to pis greater for point B
than for point C.

19. [5 pts] Which of the following best describes the directions of Ijba”' A E‘ball‘B’ and f.ba”'c?

D. Two of these vectors point into the page, and one of them points out of the page.

The component of r that is perpendicular to pis directed up the page for points A and B, and down the
page for point C. Using the right-hand rule, (up)X(right)=(into the page), and (down)X(right)={out of the
page). .

20. [5 pts] Which of the following options describes how the magnitudes of I:ban’ 5 and L
changing in time?

ballp AT€

A. They are both constant.

The magnitude of L is the product of | pl and the component of ¥ that is perpendicular to p. Neither
of these quantities changes in magnitude or direction.

Physics 121A, Winter 2006 Final Exam 13 March 2006
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Problem 1v (25 points),

1. A long rigid rod of length L = 4 m and mass mg =5 kg is

held by a support against the ground and by a horizontal cable
attached to the rod 3 m away from the ground. A sign of mass

ms = 20 kg rigidly is attached to the rod. The rod makes an angle
of 60 degrees with the ground (the horizontal). For later reference,
I (center of mass) = (1/12) mg L2, I (end) = (1/3) mg L2,

a. (5 points) Draw on the picture at right all the forces actin
on the rod and label them. o> Ted. :

b. (6 points) Write down all the equations r:gccssary to calculate

all the forces acting on the rod given the information above

(static equilibrium, do not solve th equations)
~Frtte =0 (n Kotk

{ v
R :@ © <o Omd ; ace
Zt -0 E‘-xBMg‘iwéoow ms% ka2t T%" 2 itd wxandy
N Torgue alerd posst o ‘j“o"“""' -

C. (5 points) Calculate the magnitude of the tension force on the horizontal cable.

Show your work.— .
o Copntian _

Ly’ :
FT_ _ g;jv\skthtmr\x‘ \ZM: . ’{‘ro{'nlef

B Siv 6O

dogoc
Qoke xYuq + & 2w ) 9% “e S{h'}Oi 169 - [FO N x;fl&,,wv—) :

Bua Sn
2. The horizontal cable snaps!

a. (2 points) The axis of rotation of the rod plus sign is at the —
end on the ground. At that point, draw in the figure above a T ,&.7
vector showing the angular acceleration vector @ and write down
its direction. '

| T A
a :
b. (4 points) Calculate the moment of inertia of the rod plus sign ;_m MMC\CQaQa«c-A «
about the axis of rq{ation (sh \{ your work). 2 (,_, £
2 (L gl 42l ) < o peg
[ x5 9 w | \ ] ,

<
¢. (3 points) Calculate the total initia) torque that makes the rod and sign falls,

Sehiil

S0 = = Ut Nm
=._2x 5_")(C118>x S.‘un}oom q)(?.OKC(*?x ShIO =
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[25 points] Three objects, Side view Side view
A, B, and C, of equal f/ -
mass, start moving

downward from rest at the
same time from the same
height. Objects A and B
have the same radius. start
However, the mass inside

them is distributed

differently, so they have
different moments of finish finish

inertia (/, = Iy).

snapshot of
some time later

C start

A light thread is attached to each object. The threads attached to objects A and B are wrapped many
times around them and fixed to the ceiling. The hand pulls on the thread on object C so that object C and
object B have the same vertical position at every instant.

Object A reaches the finish line first; B and C reach the finish line at the same time, after object A.

A. [6 pts] Rank, from greatest to least, the magnitudes of the acceleration of the center of mass of each
object. If any of these are equal, state so explicitly. Explain.

A>B=C. Allthree objects have constant acceleration (because the forces on them after they start moving don't

change with tims), start from rest, and travel the same distance (). Therefore, the motion of each object is described

by (V2)3,,t° = 4 The time (t)is least for object A, 50 A's acceleration Is greatest. B and Ctake equal time, so they

have the same acceleration.

B. [6 pts] Rank, from greatest to least, the magnitude of the tension force exerted on each object by the
thread. If any of these are equal, state so explicitly. Explain.

B=C>A. Newton’s second law says that the net force on an object is equal to ite mass Limes the acceleration of ite

center of mass. The objects all have the same weight force (g, downward), so the different accelerations must be

due to different tension forces. Since the tensicn is opposing the motion in each case, greater acceleration of the

center of mass means less tension force.

C. [6 pts] Is the angular speed of object A when it reaches the finish line greater than, less than or
equal to the angular speed of object B when it reaches the finish line? Explain,

Greater than. The (vertical part of the) strings attached to objects A and B don't move, 60 both objects A and B

move in the same manner as rolling-without-slipping, which means that v,, = wrfor each object at every instant. The

veiocity of the center of mass (v,,) is greater for object A when it reaches the bottom (because it travels the same

distance with greater acceleration: (v, .f° = 2a,.4). Objects A and B have the same radius, so W = v, /ris greater for

owject A,

D. [7 pts] Is the rotational kinetic energy of object A when it reaches the finish line greater than,
less than, or equal to the rotational kinetic energy of object B when it reaches the finish line?
Explain.

Less than. Object A has greater v, at the finish line. Therefore, A has greater translational kinetic energy at the

bottom than B. The total kinetic energy of A at the bottom is equal to the total kinetic energy of B at the bottom

(since the work done by the gravitational force is the same, and the tension force did zero work, the change in total

energy of the two spools must be the same.) Therefore A must have less rotational kinetic energy than B.

Physics 121 A, Winter 2006 Final Exam 13 March 2006
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