Physics 195 Midterm 3, Summer 2010 D. Brownell
Name: Lab Section: Score:

AM PM [ 125

There are six problems on this exam, each of which is equally weighted. You may use your calculator plus a single equation
sheet handwritten on one side. If you have forgotten either of these tools, shame on you © (I might have spares — come ask).
Write your answers only on the colored paper provided for you, one question per sheet. Do not put multiple guestions on one
sheet. You may use the back of a sheet only if you need more room to work out the question on the front.

Please, look only at your own paper. Any exchange of information during the test will not be tolerated and will be dealt with
harshly. You must return this question sheet to me by the end of the period, stapled to your six response sheets (put them in
their correct order, please!) as | will be accounting for every one.

For the purposes of this exam, please make g =10 m/s?. That should simplify several calculations.

1. A 10-g bullet moving 200-m/s strikes and passes through a 250-g block initially
at rest, as shown. The bullet emerges from the block with a speed of 100-m/s.

What momentum Ap was transferred to the block? To what maximum
height h will the block rise above its initial position? If the block is 15-cm

thick, how long t, is the bullet inside the block (assuming constant B T 1
deceleration)? In words, describe for me what will happen if the bullet hits
the block all the way on the left side instead of at the center. Do you think that ‘

the center of mass of the block will rise as far as it did in part (b) above? You
should not resort to any calculation for this part.

2. Two blocks with masses m; = 2-kg and m, = 3-kg are placed on a horizontal frictionless surface. A light spring is placed
in a horizontal position between the blocks. The blocks are pushed together, compressing the spring, and then released
from rest. [€)] After the blocks lose contact with the spring, the 3-kg mass has a speed of v, = 2-m/s (along the positive x-
axis). Using momentum only, what is the velocity v; the other block? {{)) How much potential energy Us was stored in the
spring before the blocks were released? What is the spring constant k if the spring was compressed 10 cm from its
equilibrium?

3. A regulation basketball has a mass M = 0.56-kg and a diameter D = 25-cm. It may be approximated as a thin spherical
shell with a moment of inertia 2/3 MR?. The block starts from rest and rolls down a 36.87° incline. Using energy, what
is the final speed v; after it rolls without slipping for a distance d = 4-m? How long t; does it take to roll down?
What fraction of its total kinetic energy K is its rotational kinetic energy Kg?

4. The rigid object shown lies in the plane of the page and is rotated about an axis perpendicular . i .
to the paper and through the pivot point P which passes through one of the vertices of the
object. It is made from four identical point masses with My = 1-kg. [@)] If L = 0.5-m, what is the
total moment of inertia I+ of the object? The total kinetic energy Kg of the object as it L
rotates is 18 J. What are the linear speeds of each of the four objects? Neglect the mass of the
connecting rods.

5. A Yo-Yo of mass M is pulled along the floor by a force "'VOt .
F, and it rolls without slipping starting from rest. The R>
inner radius R; is ¥ the outer radius R,. For the purposes
of this calculation you may presume that it is a uniform > F

disk of radius R;. What is the linear acceleration a of

the Yo-Yo across the floor? What is the minimum f
value of the coefficient of static friction pg in order to
maintain this acceleration?

6. A thin rod has a non-uniform density described by A(x) = 2 cos(2nx). The rod is 50 cm long, and has a pivot point at its
geometrical center. [€)] What is the total mass of the rod? {(s)) Where is the rod’s center of mass? Use symmetry arguments
to justify your calculation. [(§] What is the moment of inertia of the rod? For this answer, set up the integral but do not
evaluate. (It requires several rounds of integration by parts to complete...)
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If struck on the left side, the block will rise, but it will also
be spinning clockwise. Since some of its momentum will
be given to the rotational motion, it won't rise as high.
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There are six problems on this exam, each of which is equally weighted. You may use your calculator plus a single equation
sheet handwritten on one side. If you have forgotten either of these tools, shame on you © (I might have spares — come ask).
Write your answers only on the colored paper provided for you, one question per sheet. Do not put multiple questions on one
sheet. You may use the back of a sheet only if you need more room to work out the question on the front.

Please, look enly at your own paper. Any exchange of information during the test will not be tolerated and will be dealt with
harshly. You must return this question sheet to me by the end of the period, stapled to your five response sheets (put them in
their correct order, please!) as I will be accounting for every one.

For the purposes of this exam, please make g =10 m/s”. That should simplify several calculations.

p P —
‘/ 1. 4 l’(;au]lel mmfing.;QOO-m_fﬁ strikes and passes through @Q;g%lock initi
at'rest, as shown. The bullet emerges from the block With a speed of 100-m/s)
What momentum Ap was transferred to the bloek? To what maximum
height A will the block rise above its initial position? If the block is 15-cm

thick, how long # is the bullet inside the block (assuming constant == T
deceleration)’fﬁ;n words, describe for me what will happen if the bullet hits
the block all the Way on the left side instead of at the center. Do you think that .

the center of mass of the block will rise as far as it did in part (b) above? You
should not resort to any calculation for this part.

o * iy : }
\/ 2. Two blocks with masses m, = 2-kg and m, * 3-kg are placed on a horizontal(frictionless surface. A light spring is placed
in a horizontal positio the blocks. blocks are pushed together; ing the spring, and then released

from rest- {f}} After the blocks lose contact with the spring, the 3-kg mass has a speed of v, (along the positive x-

axis). What is the veloc@oother block‘?:‘ﬂHow much potential energy Us was stored in The spring before the blocks
were released? [{§, What ring constant k if the spring was compressed 10 cm from its equilibrium?

/«—-'—"-w,

3. A regulation basketball has a mas_s/M = 0.56-kg and a diametp/r D= ZS-c)n. It may be approximated as a thin spherical
shell with a moment of inertia 2/3 MR®. [flJ] Starting from rest, what will be the final spegd after it rolled without slipping
for a distance of 4-m down an incline at 36.87° below the horizontal? [{lf How long did it take to roll down? [{§ What
fraction of its total kinetic energy Ky was in the form of rotational kinetic energy Ky about the CM?

. '/._“‘ .

4. The rigid object shown lies in the plane of the page and is rotated about an axis perpendicular
to the paper and through the pivot point P which passes through,one of the vertices of the
object. It is made from four identical point masses with M, =41 kg. {§Y] If L= 0.50 iy, what is
the total moment of inertia It of the object? m The total kinetic energy Ky of theobject as it L
rotates is 18 J. What are the linear speeds of each of the four objects? Neglect the mass of the
connecting rods. r

5. A Yo-Yo is pulled alo r starting from rest by a force

F, and it rolls out §lipping) The inner radius R, is % the

,ﬂ outer radius Ry is The rate of linear acceleration a of
p“

pott the Yo-Yo along the floor? (Hint: evaluate the torque about the
point of contact with the floor) [{lj} What is the minimum value
of the coefficient of static friction pg in order to maintain this
acceleration?

e

6. A thin rod has a non-uniform density described by A(x) = 2 cos(2nx). The rod is 50 c;n} long, and has a pivot point at its
geometrical center. [ff] What is the total mass pf the rod? [ Where is the rod’s center of mass? Use symmetry arguments
to justify your calculation. [{8] What is the moment of inertia of the rod? For this answer, set up the integral but do not
evaluate. It requires several rounds of integration by parts to complete.
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