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+ Since there is no net force on system A, the momentum of the ‘ \g o \
system must remain constant. w7 r
P = f’z.,f l . |

Name ___Student ID Score
last . Jirst ’

A. [7 pts] A block on a frictionless table is connected to an ideal
spring. At time #,, the block is at point P, moving with speed v
to the left. A hand pushes the block until it reaches point ( at
time 1, compressing the spring. The block moves from point P
to point & with decreasing speed.

¢ Block moves with

decreasing speed o

 System 1

Between 7, and #,, does the energy of the block-spring system W I I
increase, decrease, or stay the same? frictionless ] P
The only external force doirig work on the system is the force of the surface
hand. (The wall does no work on the eystem because the point where the normal force by the wall e
applied does not move, and all other forces on the system are perpendicular to the displacement of the
biock.) The hand does positive work on the block, because it exerts a force in the same direction that the
block is moving. Since the net work on the system (s positive, the energy of the system must increase.

blocks are

B. System 2 consists of two blocks, S and T, and a spring. The mass of g at rest

block S is twice that of block T. They are on a frictionless table. |
Initially, the blocks are at rest a distance D apart.

=2 my

System2
VIR T
The blocks are now pushed together, compressing the spring. They ]
are then released from rest at time #;. At time z,, the blocks are a
distance d apart (d < D) and moving away from each other with

speeds v and v, respectively,

ey |
D ~

blocks are released at ¢t = ¢,
1. [7 pts] Calculate the ratio v/ v1. Show your work, b Lo

O=ps, +br; fzf‘t. d<D |
O=mg, , +mV, vy =7 JE—=E g =)
myfmg=vg /v, l B gl R ]
12=vg/v,

il. [5pts] Between f; and ¢,, is the absolute value of the change in kinetic energy of block 8§ (AKS)

greater than, less than, or equal to the absolute value of the change in potential energy of

system 2 (AU)? Explain.
Since ric external forces do work on system A, the totai energy of the system must remain constant, At
time ¢ = r, the energy of the system is entirely potential energy. Between times t, and t., some of the
energy changes from potential to kinetic: AE= AU+ AK, + AK; = -AlU = AK, + AK,. Since both block &
and block T have increasing kinetic energy (i.e, AK is positive for both blocks), the change in kinetic energy
of either block must be less than the change in potential energy of the system.

C. [6 pts] Later, the blocks are again at rest, a — ;[ o
X * . . ’ . r i ity ,T"w‘ By -*\'rn“ lﬁ.‘l"ﬂ s
distance D apart. At time t;, two strings begin [ AN %\
pulling the blocks apart as shown. At time #,, > < >]
block S has moved to the left a distance Ax, and Axy Ary < Axg Axp

block T has moved to the right a distance Ax,.

Between ¢; and 1,, is the absolute value of the net work on system 2 greater than, less than, or equal
10 the quantity IF llAxI? If the net work on system 2 is zero, state so explicitly. Explain,
The total work on system A is W, . = W sting + Wi ring = [FllAxc] + [FJIAK). Both of these terms are
positive, 60 W, 4 must be greater than (FllAx),
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III. A. Block 1 sits on a frictionless table and is
connected to spring 1, an ideal spring of g i e e i
negligible mass and constant k;. A rope exerts a System | ithe right with a force £,
constant force Fy on the block, as shown. At
time ¢,, the block is at rest at point A and the

i k! . |
e 1 the block i at I TR
spring is at its equilibrium length. The block & . ‘

comes to rest momentarily at point B at time #,. C

Block is pulled to

frictionless I l

Consider system 1, consisting of block 1 and surface A B

spring 1. ‘

i. |6 pts| For an instant between ¢, and t,, list all forces acting on system 1. For each force, indicate
the object exerting that force and the type of force.

There are four external forces acting on system 1: The gravitational force on system 1 by the Earth,
the normai force on system 1 by the surface, the tension force on system 1 by the rope, and the
tension force on system 1 by the wall.

ii. [7 pts] For each force you listed in part A, state whether the work done on system 1 by that force
is positive, negative, or zero as the block moves from A to B. Explain.

: The gravitational force by the earth and the normal force by the surface sach do zero work because
they act perpendicular to the displacement of the block. The tension force by the wall also does zero
work, because the point at which it fs applied does not move. The tension force by the rope does
positive work because it is a force to the right, and the point at which it is applied moves right.

B. System 2 consists of block 2 (which is identical Block is pulled (o
1o block 1) and spring 2 (also of negligible o ~ ltheright witha force F,
mass), which has spring constant k,. £, is less !

than &,. Block 2 is also pulled to the right by a 2 ; ﬁ‘%
- ; N
¢

rope exerting the same constant force F. Block
2 begins at rest at point A at time ¢, and comes to

rest momentarily at point C at time ¢7,. The - I
. . . frictionless
distance from A to C is larger than the distance surlace A
b £
from A to B.

1. [6pts] Is the change in total energy of system 2 between ¢, and t, greater than, less than, or
equal ro the change in total energy of system 1 between ¢, and 1,7 Explain.

The change in total energy of system 2 is greater than system 1. Both systems experienice the same

force from the rope, but it acts over a larger distance on system 2. This means that the rope does

more work on system 2. Since work is equal to the change in total energy of the system, system 2

experiences a larger change in total energy.

ii. (6 pts] When block 2 is at point C, is the magnitude of the force exerted on block 2 by the spring
greater than, less than, or equal to Fy? Explain,

The magnitude of the force on block 2 by the spring is greater than Fo, The block had to slow down to
come 1o a stop at point. C. Since It was moving to the left, this means that it was accelerating to
the right just before it reached point C, and therefore that the net force on the block was to the
right. I order for the net force on the block to be to the right, the force of the spring would have to
ve larger than the force from the rope. Since the spring force is larger just before reaching point C, it
must also be larger at point C, since as the spring stretches, that force continues to grow larger.
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