Section ll: Free Response

1. The figure below shows a block of mass m (Block 1) that is attached to one end of an ideal
spring of force constant k and natural length L. The block is pushed so that it compresses the
spring to 3/4 of its natural length and is then released from rest. Just as the spring has
extended to its natural length L, the attached block collides with another block (also of
mass m) at rest on the edge of the frictionless table. When Block 1 collides with Block 2, half of
its kinetic energy is lost to heat; the other half of Block 1’s kinetic energy at impact is divided
between Block 1 and Block 2. The collision sends Block 2 over the edge of the table, where it
falls a vertical distance H, landing at a horizontal distance R from the edge.
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(a) What is the acceleration of Block 1 at the moment it’s released from rest from its initial
position? Write your answer in terms of k, L, and m.

(b) If v, is the velocity of Block 1 just before impact, show that the velocity of Block 1 just after
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(c) Determine the amplitude of the oscillations of Block 1 after Block 2 has left the table. Write
your answer in terms of L only.

(d) Determine the period of the oscillations of Block 1 after the collision, writing your answer in
terms of T, the period of the oscillations that Block 1 would have had if it did not collide
with Block 2.

(e) Find an expression for R in terms of H, k, L, m, and g.

2. A bullet of mass m is fired from a non-lethal pellet gun horizontally with speed v into a block
of mass M initially at rest, at the end of an ideal spring on a frictionless table. At the moment
the bullet hits, the spring is at its natural length, L. The bullet becomes embedded in the block,
and simple harmonic oscillations result.
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(a) Determine the speed of the block immediately after the impact by the bullet.
(b) Determine the amplitude of the resulting oscillations of the block.

(c) Compute the frequency of the resulting oscillations.

3. A block of mass M oscillating with amplitude A on a frictionless horizontal table is connected
to an ideal spring of force constant k. The period of its oscillations is 7. At the moment when

the block is at position x = %A and moving to the right, a ball of clay of mass m dropped from

above lands on the block.

m O
i E i 'k
- | o
x=-A x=0 T x=A
x=%A

(a) What is the velocity of the block just before the clay hits?
(b) What is the velocity of the block just after the clay hits?
(c) What is the new period of the oscillations of the block?

(d) What is the new amplitude of the oscillations? Write your answer in terms of A, k, M,
and m.

(e) Would the answer to part (c) be different if the clay had landed on the block when it was at a
different position? Support your answer briefly.

(f) Would the answer to part (d) be different if the clay had landed on the block when it was at
a different position? Support your answer briefly.
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Section ll: Free Response

1.

(a)
Since the spring is compressed to 3/4 of its natural length, the block’s position relative to

1
equilibrium is x = — Z L. Therefore, from Fg = —kx, find
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(b)

Let v, denote the velocity of Block 1 just before impact, and let v, and v’, denote,
respectively, the velocities of Block 1 and Block 2 immediately after impact. By
Conservation of Linear Momentum, write mv, = mv’, + mv’,, or

v, =v]+v, (1)

e Y 1 . 1 .
The initial kinetic energy of Block 1 is —z2;. If half is lost to heat, then — 2 is left to be

1 1
shared by Block 1 and Block 2 after impact: vaf =3 mv!” + 5 mv;’, or

vl =20 +20) 2)
Square Equation (1) and multiply by 2 to give
207 =20 + 4ol + 207 (1)
Then subtract Equation (2) from Equation (1”)
v =4, ©
Square Equation (1) again,
v} = v+ 2000 + 05’

and substitute into this the result of Equation (3):

R ’ 7 ’2
4vlv; =v] + 200, +v,
— 2 ’ 7 ’2
0=v" —20/v, +v,

0=(v/-v))

v =0, (4)
Thus, combining Equations (1) and (4), find that
4 4 1
v =v) = 5 v,

()
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When Block 1 reaches its new amplitude position, A’, all of its kinetic energy is converted
to elastic potential energy of the spring. That is,

1 1

K/ —>U, = —mv’=—kA”
2 2

A" 2%1/1'2

o o m, 1
A 2 = Z(Evl)z

A” = ”Zf 1)

But the original potential energy of the spring, U, = %k(—i L), gave K,:

1 1 1 1
U, - K, = Ek(_ZL)ZZEmZ}IZ = mvlz=£k£2 (2)

Substituting this result into Equation (1) gives

1
kL
arole L 1
ik 64 8
(d)

The period of a spring-block simple harmonic oscillator depends only on the spring
constant k and the mass of the block. Since neither of these changes, the period will
remain the same; thatis, 7" = T,,.

(e)
As shown in part (b), Block 2’s velocity as it slides off the table is %vl (horizontally). The

time required to drop the vertical distance H is found as follows (calling down the

positive direction):

1 1 2H
Ay:l}o}/t'f'zg'[z = H:Eg[?‘ = (= [—

4
1 1 [2H
R=(=v)t=—v |—
2 2 g

/ 135
Now, from Equation (2) of part (¢), v, = _16 , SO
m

R_l//eLz 2H _ L |2kH
2N16m\ ¢ 8\ mg

Therefore,

(a)
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By Conservation of Linear Momentum,

, muv

mv=m+Mp = v =
m+ M

(b)

When the block is at its amplitude position (maximum compression of spring), the kinetic
energy it (and the embedded bullet) had just after impact will become the potential
energy of the spring;:

K = U
1 my Y1 )
—(m+ M) =—kA
2 m+ M 2
my

E(m+ M)

(©)
Since the mass on the springis m + M, £ = 1 f k
2n \m+ M
(a)
By Conservation of Mechanical Energy, K + U = E, so
1 1 1 1
—Mv* +—k(=A) =—kA
2 2 2 2
1
— My = é kA
2 8
N LS
4M

(b)

Since the clay ball delivers no horizontal linear momentum to the block, horizontal linear
momentum is conserved. Thus,

My =(M+my’
oMy _ MA [3k __4 [%M
M+m M+m\N4M M+m 4
(©)

Applying the general equation for the period of a spring-block simple harmonic oscillator,

M+m
k

T=2n

(d)
The total energy of the oscillator after the clay hits is %kA’2, where A’ is the new

amplitude. Just after the clay hits the block, the total energy is
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1 1.1
K,+US =E(M+Wl)1/,2 +5k(5A)2

. . 1
Substitute for v’ from part (b), set the resulting sum equal to EkA'2, and solve for A’.

2
l(M+m) A ‘/%—M +l/€(lA)2=l/e 2
2 M+m\ 4 2 2 2

2
ASM 1 e Ly
8(M+m) 8 2
AZ( M +1):4A’2
+m
A’:lA M +1
2 M+m

(e)

No, because the period depends only on the mass and the spring constant k.

®

Yes. For example, if the clay had landed when the block was at x = A, the speed of the
block would have been zero immediately before the collision and immediately after. No
change in the block’s speed would have meant no change in K, so no change in E, so no

changein A = V2E/k.
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