MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Physics
8.01 Physics Fall Term 2011

Exam 2: Equation Summary

Newton’s Second Law: Force, Mass, Acceleration: F=ma
Newton’s Third Law: IEL2 =1 42’1
! =N |
Center of Mass: R, = im mf, e% f dmr ;
m i=1 m body
! 1 =N
Velocity of Center of Mass: Vin == 2. MV, > ——— f dmv
m i=1 body
. oo =N
Momentum: p=mv, p*=1 mv,
i=1
! dp>
Newton’s Second Law Fo = "
t=t
Impulse: I = [ F(tydt =Ap
t=0
1 1
Kinetic Energy: K :lmvz; LK™ =i #=mv;
2 | 2 2
Lo
Work- Kinetic Energy: W = JjF -dr - W=1K
21
Potential Energy: AU=UB)-U(A)=-W = —J F -dr
A

Potential Energy Functions with Zero Points:

Conrstant Gravity U(y)=mgy with U(y,=0)=0.
G
Inverse Square Gravity U iy () = ! =mm with Ugravity(r0 =1)=0.
r
: 1 e —0) =
Springs Uspn.ng(x) =3 kx* with U g (X=0)=0.

Work- Mechanical Energy: W _=AK + AU®® = AE__ = (K S ) —~ ( K, + Ué‘"a')
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Problem 1 of 4 Two railcars and a cannon (25 points):

Two rail cars are moving, unpowered, in the same direction along a frictionless horizontal
track. Car B, which has ma#8, and speedV, with respect to thground, carries a

projectile of massn.

¥ Initially, car A has mas®, and speed/, with respect to the groundith
V, >V, (car Ais gaining on car B the top figure).

¥ The projectile is then fired from car B to car A with horizontal speedlative to
car B, after which car B continues moving in the same direction with sgeed

with respect to the grodn(middle figure).

¥ Finally, the projectile, after striking car A, comes to an abrupt stop with respect to
car A (bottom figure) after which both cars are continuing moving in the same
direction at the same spe&d with respecta the ground(bottom figure).

All arrows in the figures indicate the direction of the velocities of the cars. You may
neglect any vertical motion of the projectile after it is fired.

Va> Ve
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7
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Z
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Mg, — Mg after
Ve v;
7
a) Calculate the final speed of car B, .in terms ofV;, u, and the masse#/ , ,

M;, andm.

b) Calculate the required speeadof the projectile relate to car B such that the final
speed of car A is als¥, . Express your answer in termsdf, V;, and the

masseM,, M, andm. Do not useV; in your final answer.












Problem 2 of 4 (25 points):

rough surface spring with
with y, = bx constant &

v
L= "7~ s
TN

frictionless surface frictionless surface

Block A of massm, is moving horizontally with speed, along a frictionless sura. It
collides elastically with block B of mass), that is initially at rest. After the collision

block B enters a rough surfaceat 0 with a coefficient of kinetic friction that increases
linearly with distancey, (x) =bx for 0<x<d, whereb is a positive constant. At=d

block B collides with an unstretched spring with spring constandn a fictionless
surface. The downward gravitational acceleration has magngtude

What is the distance the spring is compressed when block B first comes to rest? Express
your answer in terms oV, , m,, m,, b, d, g, andk.
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Problem 3 of 4 (25 points):

spring with~__ 4
constant k G

bead of

mass m

A bead of massn slides without friction on a vertical circular hoop of rad& that is

fixed to the ground. The bead moves under the combined action of gravity, the contact
force (normal force) of the hoop on the bead, and a sptiaghed to a fixed point, a
height 8d above the center of the hoop. The equilibrium length of the spridg Ehe

bead is released from rest at a point on the left side halfway up from the bottom of the
hoop, as shown in the figure above. When the bead reaches the top of the hoop, the

contact force of the hoop on the bead is exactly zero. The downward gravitational
acceleration has magnitude

Find the spring constark in terms of m, d, andg.
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Problem 4 of 4: (25 points) Concept Questions

Part A (5 points):
F,
— A —> 1V, =0
F,=(1/2)F,
F, '
— B > v, =0
m, =2my stért ﬁni| sh

Cart A is pushed continuously from the start line tofthish line with a forceF, .

Cart B is pushed continuously from the start line to the finish line with twice the force,
F; = 2F, . Cart A has twice the mass of carti8, = 2m,. Both carts e initially at rest.

a) Cart A has a larger change in momentum and a larger change in kinetic energy
than cart B.

b) Cart A has a larger change in momentum but equal change in kinetic energy than
cart B.

c) Cart A has a larger change in momentum but smallergehan kinetic energy
than cart B.

d) Cart A has an equal change in momentum but larger change in kinetic energy than
cart B.

e) Both carts have the equal change in momentum and equal change in kinetic
energy.

f) Cart A has an equal change in momentum but snali@nge in kinetic energy
than cart B.

g) Cart A has a smaller change in momentum but larger change in kinetic energy
than cart B.

h) Cart A has a smaller change in momentum and equal change in kinetic energy
than cart B.

i) Cart A has a smaller change in momgn and smaller change in kinetic energy
than cart B.

Answer:
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Part B (5 points):

df2

|1_'fb’amm 2

. i{) frictionless surface ol X

A system is composed of two nadentical blocks connected by a spring. The blocks
slide on a frictionless plane. The unstretched lengtheo§pring isd. Initially block 2 is
held so that the spring is compressed {@ and block 1 is forced against a stop as
shown in the figure above. Block 2 is released. Which of the following statemémnitsis
(Note: more than one statement may be true.)

a) When the position of block 2 is, > d, the center of mass of the system is
accelerating to the right.

b) When the position of block 2 s, > d, the center of mss of the system is
moving at a constant speed to the right.

¢) When the position of block 2 is, > d, the center of mass of the system is at
rest.

d) When the position of block 2 s, <d, the center of mass dfie system is
accelerating to the right.

e) When the position of block 2 is, <d, the center of mass of the system is
moving at a constant speed to the right.

f)  When the position of block 2 s, <d, the centerfomass is at rest.

Enter the letters of all correct statements on the answer line below.

Answer:

17



Part C (5 points):

»
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A small object of mass: is hanging vertically from a string suspended fraifixed

point on the ceiling. The object is pulled to the left through an ahglad released from
rest, undergoing motion along a circular arc. When the object is at the bottom of its
trajectory (point A in figure), which of ghfollowing statements is tru¢Rote: more than
one statement may be true.)

a) The tension in the string is greater than the magnitude of the gravitdtorel
acting on the object.

b) The tension in the string is equal to the magnitude of the gravahtmoe acting
on the object.

c) The tension in the string is less than the magnitude of the gravitdoooal
acting on the object.

d) The component of the acceleration in dir@ction of motion is positive.
e) The component of the acceleration in dir@dion of motion is negative.

f) The component of the acceleration in ¢lvection of motion is zero.

Enter the letters of all correct statements on the answer line below.

Answer:
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Part D (5 points):
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The potential energy(x) for a particle with total mchanical energ¥ is shown in the

figure aboveFor a particle that starts at = a, which of the following statements is
true?(Note: more than one statement may be true.)

a) Thekinetic energyK(x) is maximum somewhere in the regiax x < b.
b) The kinetic energ¥(x) is maximum somewhere in the regibr< x <c.
c) The kinetic energ¥(x) is maximum somewhere in the regior x <d.
d) The kinetic energyK(x) is constant for ala<x <Db.
e) The kinetic energyK(x) is constant for alb<x <c.

f) The kinetic energyK(x) is constant for alc < x <d.

Enter the letters of all correct statements on the answer line below.

Answer:
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Part E (5 points):

vl.i

Vz'
1 p—» |2
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Block 1 of m@s m, is moving horizontally to the right with speed along a frictionless
surface. It approaches block 2 of mass> m, which is movingo the rightwith speed

v,; <v,,;. The blocks then collide elastically. After the collision block 1 moves to the left
with speedv, ; and block 2 moves to the right with spegd . Which of the following
statements is true?

a) The speed/, ; of block 1 after the collision is greater than! v, ..
b) The speed/ ; of block 1 after the collision is less thay) ! v, ;.
c) The speed ; of block 1 after the collision is equal 1@, — Vv, .

d) Not enough information is given to determine the relationship between the speed
v, Of block 1 after the collision and; —v,; .

Answer:
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