PHYS 101 Midterm Exam 2 Solution 2020-21-2

1. A block of mass m is moving up a frictionless circular track of radius R

acted upon by a horizontal force F as shown in the figure. Magnitude F of the
force is adjusted so that the block moves up the circular track with constant
speed v.

(@) (5 Pts.) Draw a free-body diagram of the block. gl

(b) (5 Pts.) What is the magnitude F of the applied force as a function of 8
which causes the block move up the circular track with constant speed?

(c) (5 Pts.) What is the work done by the gravitational force as the block
moves from 8 = 0to 8 = 0y (6 < m/2)?

(d) (5 Pts.) What is the work done by the force F as the block moves from 8 = 0to 6 = 0¢?

(e) (5 Pts.) What is the average power delivered to the block by the force F as itmoves from 6 = 0to 6 = 0¢?

Solution: (a) y

(b) Writing Newton’s second law, we have 9
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(c) Work done by the gravitational force as it moves from 6 = 0to 8 = 6 is related
to the change in the gravitational potential energy of the block. Taking the initial position 8 = 0 as the zero
level for the potential energy, we have

W, = —AU = —(U; — U;) = —mgR(1 — cos 6f) .

(d) Since the speed of the block is constant, its kinetic energy does not change. According the the work-energy
theorem, this means that the net work done on the block is zero.

Wp+%+Wn:O

The work done by the normal force is zero. This means

We+W,=0 - Wp=-W, - W;=mgR(1-cosb,).

(e) The block coveres a total distance R6; moving with speed v means that the time it takes is T = R6; /v.
Therefore, average power delivered to the block by the force F as it moves from 6 = 0 to 6 = Of is

Wk __mgRv

Pav=_ - Pav— Ref (1—C059f).



2. A right-angle inclined plane of mass M, side H, and angle /4 can slide on a horizontal floor without
friction. Initially, the inclined plane is at rest. A ball of mass m is dropped onto the inclined plane's midpoint
from a height H, as shown in the figure. The collision is elastic, and the ball's velocity is horizontal right after
the collision. Gravitational acceleration is g.

a) (15 Pts.) Find the velocity of the inclined plane after the collision.

b) (10 Pts.) What is the distance between the ball and the right edge of the inclined plane when the ball hits the
floor?

Solution: (a) Choosing the initial position of the ball as zero gravitational potential energy level, and using the
fact that total mechanical energy is conserved during the fall, the downward speed of the ball just before it
collides with the inclined plane is found as

1
AE=Emv2—mgH=O - v =,2gH.

Since the ball collides elastically with the inclined plane, kinetic energy of the system is conserved. Also, since
there is no external force in the x-direction, the x-component of the total momentum is conserved. These mean

1 .1, 2MgH m [2MgH
Emv1+EMv2=mgH, mv, +Mv, =0 - v = T V2= e

(b) The motion of the ball after the collision will be a projectile motion with a horizontal initial velocity v,
starting from a height H /2 above the floor. Therefore, it will hit the floor when

H 1 2 -0 . H
= - = e d = _
Y1 ) 29 g

During this time the ball will be displaced by an amount Ax; = vt = f%H (to the right), while the inclined

plane will be displaced by Ax, = v,t = —% /%H (to the left). Therefore, the distance D between the ball

and the right edge of the inclined plane when the ball hits the floor will be D = Ax; — Ax, — H/2, or

o= |G



3. Consider a block of mass 2m moving on a horizontal surface with speed v, towards another block of mass
m, which is initially at rest at x = 0. The 2m block can move without friction, while the kinetic friction
coefficient between the horizontal surface and the other block is u;. Gravitational acceleration is g.

If all the collisions between the two blocks are elastic:
a) Find the time interval between the first and the second collision.

b) Find the final positions and velocities of both blocks.

Q)
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Solution:

(a) Total momentum in the x-direction is conserved in collisions. Therefore, after the first collison, we have
Dyi = 2MVy, Dxf = 2mv'y + mv'y, Pxi = Dxf = 2V'1+7V;= 2v,.

Also, since all collisions are elastic, kinetic energy of the system is also conserved. This means
v—v,=—;—-v,) - —vi+v,=v,

Solving this set of two equations for the two unknowns, we find velocities of the two blocks after the first
collision as

17'1=170/3, v'2=4170/3.

Following the collison, the 2m block will move with constant velocity so its position is x; = ivot. But, the
4 v,

block with mass m will slow down because of friction until it stops at t; = "g. Its position is
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Therefore, the two blocks will collide again when
X1 =X s t = 8170
te Y

(b) Because all collisions are elastic, the system will stop when the work done by the friction is equal to the
initial kinetic enegy of the system.

2
AE =W; - —%(zm)vg =—ymgd - d= P% , U1y = vy = 0. This result can also be obtained

alternatively by summing the infinite series of displacements after each collision:

- (e @)+ )= 2




4. A 40.0-kg woman stands up in a 60.0-kg canoe 6.00 m long which is initially at rest floating on a smooth
lake. She walks from a point 1.00 m from one end to a point 1.00 m from the other end in 4 seconds. Assume
that the canoe has a uniform mass distribution, ignore resistance to motion of the canoe in the water, and use the
coordinate system shown in the figure so that initially the woman is at x = 1.00 m.

(@) (6 Pts.) What is the x-coordinate of the @
center of mass of the woman-canoe system AN
before the woman starts to walk?

I
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(b) (6 Pts.) What is the velocity of the canoe |
with respect to the lake surface as the woman 0|

is walking. Start Finish

(c) (6 Pts.) What is the velocity of the canoe L T L0
after the woman stops at the other end?

(d) (7 Pts.) How far does the canoe move during this process?

Solution: (a)

Myxy + Mexe  (40.0 kg)(1.0 m) + (60.0 kg)(3.0 m) 2,
— = - = 2.
XeM = T M 100 kg *cM m

(b) The sum of all external forces acting on the woman-canoe system is zero. When the woman starts walking
towards the other end of the canoe, the canoe will move in the opposite direction to conserve momentum. The
speed of the woman with respect to the canoe is

Vyc = (40m)/(4s) =1.0 m/s.
Vi =Vwic Ve vwy = (1.0 m/s) + vy,

Since momentum in the x-direction is conserved, we have

My
Mwow, +Mcvey, =0 = Mw(1+ve,) +Mevg, =0 = vgy = _M(LO m/s)

= 0.4 m/s.
(c) Zero, because of momentum conservation.

(d) The position of the center of mass of the woman-canoe system does not change during the process.
Therefore, asuming that the canoe moves a distance d to the left, we have

My [(5m) —d] + Mc[(3 m) —d]
My + M¢

=22m —-» d=16m.

Same answer can also be foundas d = v¢,, T = (0.4 m/s)(4s) = 1.6 m.



