Physics 2101, Exam 2

February 19, 2008

KEY

Name:

Section: (Circle one)
1 {Rupnik, MWF 8:40am) 4 (Rupnik, MWF 2:40pm)
2 (Giammanco, MWF 10:40am) 5 (Rupnik, TTh 9:10am)

3 (Gonzilez, MWF 12:40pm) 6 (Sheehy, TTh 12:10pm)

® Please turn OFF your cell phone and MP3 player!

e Feel free to detach, use and keep the formula sheet. No other reference material is
allowed during the exam. You may use scientific or graphing calculators.

s For the questions, no work needs to be shown, and there is no partial credit.

» For the problems, please write as much as you can explaining to us your reasoning.

Partial credit will be awarded, and correct answers without work shown will not
receive full credit.

e Please carry units through your calculations when needed, lack of units will result in
a loss of points.

» GOOD LUCK!




Question 1 (10 pts)

The car in the figure is coasting {in neutral, with the enginc off) at speed v towards a
hill of maximum height A. We are ignoring friction and wind resistance in this problem.
The car has mass m, and the acceleration due to gravity is g = 9.85.

(a} (4 pts) What is the work done by gravity on the car while it travels from its initial
position to point A at the top of the hill?

(i) 0.
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(v) —2mgh

(b) (3 pts) What is the total work done by gravity on the car while it travels from its
initial position to point B on the other side of the hill?

(. W=0 betauce Ay=0

i} mgh. 1

(¢} (3 pts) What is the minimum initial speed v such that the car is able to coast to

point BY o

o M?{\ :z-[— MAT > ’U;:-‘ \J 2?,]4
@ 2gh.
ii1) /mgh.
iv) v4gh.

v} The car will coast to point B with any initial speed.
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Problem 1 (20 pts)

The figure shows a hanging spring, with spring constant & = 23N /m. When un-
stretched, the bottom of the spring is a distance d = 2.5m from the floor. You gently hang
a mass m = 5kg on the spring and let go.
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(a} (5 pts) After you hang the mass, it drops towards, and reaches, the floor. During
this motion, what is W,, the work done by the spring on the mass?

Mool f)- - BE heys - T0s7 ]

(b) (5 pts) In the motion described in the preceding part, what is Wy, the work done by
gravity on the mass"

W M? M?i (Wfﬁ § />(2 Sw)=+122. gz
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c) (5 pts) With what speed does the Skg mass reach the floor?
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(d) (5 pts) In its equilibrium position, the 5kg mass stretches the spring a distance z.
Determine the distance x.
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Question 2 (15 pts)
The potential energy of a particle of mass m = 3kg is given b}'ZU(:II) = 4 - 22 @

with I/ measured in J and z measured in m. U/(z) is plotted in the
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(a)} {5 pts) Which of the following positions is an equilibrium position for the particle?

(i) x = 1m

(ili) £ = 3m

(iv) None of the above.

(b) (5 pts) What is the force on the particle at £ = 0?

() AN F = —-5}?— =0 %O—I‘X-‘*O
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(iv) 2N

(¢) (5 pts) The particle is released from rest at position z = Im. Which of the following
statements is false:

(i) The particle will initially move to the right, but will never reach = = 3m. t/
(ii) The particle will have its maximum speed at z = 2m. v

iii) The motion of the particle will have two turning points. I/
@ he particle will always have a positive velocity. FALS E;"
portiely will 070 Wake hack aund forth




Problem 2 (20 pts)

The figure shows a block of mass m moving on a horizontal surface towards a stationary
triangular wedge. The block reaches the bottom of the wedge with speed v. There is friction
on the wedge surface, with coefficient of kinetic friction uy. The wedge angle is 8 and the
height from the surface to the upper wedge corner is 4. Use work or energy considerations
as needed to derive formulas in each part.

(a) (b pts) Write an expression for the work done by friction on the block during its
motion to the top corner of the wedge in terms of the parameters m, uy, h, @ and
the graviational acceleration constant g

smb"R' _-},i__h. F,= u?mg .h,"fi:.kl
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(b) (5 pts) Assume the block reaches the upper corner of the wedge with speed v, Write
an expressmn for v, in terms of the parameters of the “}arﬂblem i.e., uyg, b, 8, v, and

g. I{Qtﬁ_% W =AK, WhEre W-— ?i' -f-f& Mﬂ'{ W, = %‘Jfk..-fcri"}z B
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(¢} (5 pts) The block launches from the upper corner nf the wejge wth Jﬁeed VL, W ﬁg ?
is the answer to part (b). It undergoes projectile motion. At a later time, it lands

on the horizontal surface. Derive a formula for the speed that it hits the horizontal

surface in terms of i, h, &, v, and g 2
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(d) (5 pts) Derive a furmul& for the maximum height of the block, measured from the
norizontal surface, during its projectile motion. For this part, you may express the
answer in terms of the launch velnmty@nd the other parameters of the problem.
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Question 3 (15 pts)
The figure shows a bullet of mass m moving with speed v towards a stationary block
{(with larger mass M) that is attached to a relaxed spring, with spring constant k. It collides

with the block and becomes embedded in it, and then the spring becomes compressed.
There is no friction between the block and the surface.

(a) (5 pts) Which of the following formulas relates the initial speed of the bullet before
the collision (v) to the speed of the block and bullet immediately after the collision

(vy)?
(i) mv = muy.
(ii) gmv? = s(m+ M)v?

(Gi)yme = (m+ M)y, (LM L W{E’L“f"y suelasbe e ll(Qow

1v) %'.l'n.u2 = %Mv?

(b} (5 pts) The total kinetic energy of the system before the collision is KX;. The total
kinetic energy immediately after the collision is K;. Which expression correctly
relates K; and Ky to the potential energy of the spring, U,, when it is maximally

d after th 7
compressed after the collision? Kf z K,L [14{6 ﬁLQ"lG {,o”r@‘l H)
(i) Ki= Ky =U,

(i) K; > Ky > U, K"" u: -+ bloek - L’“'”éf_ mementan ﬂ(?
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(v) K; > Ki > U, Kinch %rw -Imuf

(v) None of the above. JD th Qg <F &L- WW)

(c} (5 pts) Now imagine a different situation, in which the bullet collides elastically with
the block. It will therefore bounce backwards. The maximum compression of the

spring would be

Larger than in the previous case. G b “M—' eéa_' %{Q bO kuﬂf

The same as in the previous case.

i) Smaller than in the previous case.

iii)
)

(iv) Possibly larger or smaller than in the previous case. i



Problem 3 (20 pts)

The figure shows Tarzan {mass 75kg), on the left, about to swing on a vine across to
Jane (mass 60kg), on the right. The initial height difference between the centers of mass
of Tarzan and Jane is A = 6m, indicated in the figure.

(a) (5 pts) What is the change in Tarzan’s potential energy as he swings from his initial
position to Jane?

A=Ay =Ty - Ty, = - wah = ~(7515) (1€ %) (61

(5 Pt@ Whalt is Tarzan’s speed immediately before colliding with Jane?
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(c) (5 pts) Assume Tarzan catches Jane as he collides with her. What is their speed
immediately after the collision?

WA = (M + “’{J) )
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(d} (5 pts} The collision between Tarzan and Jane is inelastic. What is the total change
in kinetic energy?

D= KK, = 2lupng )y — L, 0
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