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Problem 1(d) and 1(e):
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Problem 1: Multiple choice questions about friction (30 points)

In this problem you will be asked to answer many short, multiple choice, questions

pertaining to friction. In all parts you should assume that gravity is acting downward
with acceleration g, with g > 0, and that air friction can be neglected. You can answer by
circling your choice. Each question has one and only one correct answer.

(a)

(2 points) A block of mass M rests on a level floor. The coefficient of static friction
between the block and the floor is us, and the coefficient of kinetic friction is puy.
What is the magnitude of the force of friction acting on the block?

(i) 0; (ii) Mg; (iii) psMg; (iv) prMg; (v) (s — i) Mg

(vi) Cannot be determined from this data

(2 points) The same block is now being pulled across the floor by a horizontal rope at
a constant velocity. What is the tension in the rope?

(i) 0; (ii) Mg; (iil) psMg; (iv) ppMg; (v) (ps — i) Mg;

(vi) Cannot be determined from this data

(2 points) The same block is now once again stationary on the floor. John is pulling
on the rope with a force of magnitude F', which is not large enough to cause the block
to move. What is the magnitude of the force of friction on the block?

(i) 0; (i) Mg; (i) psMg;  (iv) peMg;  (v) (ps — pe)Mg;  (vi) F;

(vii) Cannot be determined from this data

(2 points) Now suppose that John pulls harder and harder until the block starts to
move. What is the magnitude of the force of friction on the block just before it starts
to move?

(i) 0; (i) Mg; (i) psMg;  (iv) peMg;  (v) (ps — pe) Mgy (vi) F;

(vii) Cannot be determined from this data

(2 points) What is the magnitude of the force of friction on the block just after it
starts to move?

(i) 0; (i) Mg; (i) psMg;  (iv) peMg;  (v) (ps — pe)Mg;  (vi) F;

(vii) Cannot be determined from this data

— Problem 1 Continues —
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A small block of mass M rests on a plank of wood, which is oriented at an angle 6
with respect to horizontal. It remains stationary. The coefficients of friction between the
block and the plank are uy for kinetic friction and ug for static friction.

w

6

(f) (2 points) What is the magnitude of the force of friction acting on the block?
(i) 0; (i) Mgsin@; (iii) Mgcos0; (iii) psMgsin0; (iv) usMgcos8; (v) pirM g cosb;
(Vi) ppeMgsin@; (vii) (ps — px)Mgsin6; (viii) Cannot be determined from this data

(g) (2 points) What is the direction of the force of friction? The possible answers are
described both in words and on the diagram.

(vi) no direction

(i) horizontal to left; (ii) horizontal to right; (iii) upward along plank;

(iv) downward along plank; (v) vertical; (vi) no direction, because it vanishes

— Problem 1 Continues —
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A circular road track is banked at just the right angle to optimize travel at 50 mph.

(h) (2 points) A car travels around the track at the ideal speed of 50 mph. What is the
direction of the force of friction? The possible answers are described both in words
and on the diagram to the right.

(v) no direction

(i) downward along the bank of the track

(ii) upward along the bank of the track

(iii) directly inward (horizontally) toward the center of the circle of the track

(iv) directly outward (horizontally), away from the center of the circle of the track.
(v)

(i) (2 points) For the car described above, what is the direction of the acceleration?
(i) downward along the bank of the track

no direction, because it vanishes

(ii) upward along the bank of the track

(iii) directly inward (horizontally) toward the center of the circle of the track

(iv) directly outward (horizontally), away from the center of the circle of the track.
(

v) no direction, because it vanishes

(j) (2 points) The same car now travels around the track at 60 mph. What is the direction
of the force of friction?
(i) downward along the bank of the track
(ii) upward along the bank of the track
(iii) directly inward (horizontally) toward the center of the circle of the track
(iv) directly outward (horizontally), away from the center of the circle of the track.
(v) no direction, because it vanishes

(k) (2 points) The same car now travels around the track at 40 mph. What is the direction
of the force of friction?
(i) downward along the bank of the track
(ii) upward along the bank of the track
(iii) directly inward (horizontally) toward the center of the circle of the track
(iv) directly outward (horizontally), away from the center of the circle of the track.
(v) no direction, because it vanishes
— Problem 1 Continues —
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(1) (2 points) A conveyor belt is used to transport machine parts in a horizontal direction,
at a fixed speed. What is the direction of the force of friction acting on the parts?
The possible answers are described both in words and on the diagram.

0 <—£—)» (i)
OO

(iv) no direction

(i) forwards (ii) backwards (iii) upward (iv) no direction, because it vanishes

(m) (2 points) The conveyor belt is now speeded up. While the speed is increasing, what
is the direction of the force of friction acting on the parts?

(i) forwards (ii) backwards (iii) upward (iv) no direction, because it vanishes

At the end of the horizontal stretch described above, the parts are transferred to
another conveyor belt that transports them downward, at a fixed speed and fixed angle.

(n) (2 points) What is the direction of the force of friction acting on the parts? The
possible answers are described both in words and on the diagram.

(v)
@

O/'

(vi) no direction

(iii

~—

forward along the belt
backward along the belt
forward horizontally
backward horizontally
upward
no direction, because it vanishes
— Problem 1 Continues —
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(o) (2 points) A pebble is dropped from some height into a deep pond. Once the pebble
is under water, there is a drag force of magnitude F’ = kv, where k is a constant

and v is the speed of the pebble. Trying the experiment a number of times, Timmy
has made graphs of the speed of the pebble vs. time, starting from when the pebble
entered the water. The only problem is that Timmy cannot be trusted. He shows you
the following two graphs:

v
Yy
Uy

’U J
Vo ¢
V¢ —— Vo —

t
(4

What is the most reasonable explanation of these graphs?

(i) The first graph shows what happens when the pebble is dropped from a small
height, and the second shows what happens when it is dropped from a large
height.

(ii) The first graph shows what happens when the pebble is dropped from a large
height, and the second shows what happens when it is dropped from a small
height.

(iii) The first graph is the correct qualitative shape for dropping the pebble from any
height, but the second is not possible for water, although it could happen for a
more viscous liquid like oil.

(iv) The second graph is the correct qualitative shape for dropping the pebble from
any height, but the first is not possible for water, although it could happen for a
more viscous liquid like oil.

— FEnd of Problem 1 —
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Problem 2: One or two blocks pulled by a rope (40 points)

A block of mass M rests on a horizontal surface. The
coefficient of kinetic friction between the block and the surface
is px, and the coefficient of static friction is ps, with pgs > pg.
The block is pulled horizontally by a massless inextensible
rope, with a tension 7' that is gradually increased until the
block starts to slide.

g

(a) (7 points) What is the value of the tension 77 at which the block begins to slide?

(b) (8 points) When the tension was only 177, before the block began to slide, what was

the magnitude and direction of the force of friction?

(¢) (10 points) If the tension is maintained at the value T}, what is the acceleration of

the block?

(d) (15 points) A second block, with twice the mass
of the first, is placed directly on top of the first
block while both are at rest. The lower surface of
the second block is rough, so coefficients of fric-
tion between the two blocks are 2u; for kinetic
friction and 2us for static friction. (Recall that
e and pg denote the coefficients of kinetic and

2nd
Block

dl
1st

Block

2M

—

T

static friction, respectively, for the interface between

the first block and the horizontal surface below.) As before, a horizontal rope is
attached to the first (lower) block, and the tension in the rope is increased gradually
from zero. At some value of the tension the two blocks begin to move, but there is
initially no relative velocity between the two. As the steady increase in the tension
is maintained, they accelerate faster and faster. At what value of the tension will the
second block begin to slip relative to the first block? In what direction will it slip,

relative to the block below?
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Problem 3: A rocket-propelled railroad flatcar (30 points)

A rocket-propelled railroad flatcar begins at rest at time ¢ = 0, and then accelerates
along a straight track with a speed given by

v(t) = (4 m/s”) ¢2

for 0 < t < 2 s. Then the acceleration ends, and the flatcar continues at a constant speed
of 16 m/s, as shown on the graph below. A coin is initially at rest on the floor of the
flatcar. At ¢t = 1 s the coin begins to slip, and it stops slipping at t = 3 s. Take g = 10

m/s?.

oo
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Coin starts
slipping
Coin stops
slipping

a) (15 points) What is the coefficient of static friction between the coin and the floor?
b) (15 points) What is the coefficient of kinetic friction between the coin and the floor?

(Hint: Note that between t = 1 s and t = 3 s, the coin has a constant acceleration.
Can you determine this acceleration from the given information?)

10



8.01 Quiz 4, Spring 2005

Name

11



8.01 Quiz 4, Spring 2005

Name

12



MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Physics

Physics 8.01 Spring 2005

QUIZ 4
FORMULA SHEET
Quiz Date: Friday, February 25, 2005

For motion in one dimension:

Az A locit
= — T 1Ty5
Vay A7 verage velocity;
dx )
v = % Instantaneous velocity;

For motion in three dimensions:

> = > t t
;,:ﬁ; a:i—::%; F(tl):FOJr/OlGdt; \7<t1>:\70+/015dt.
For constant acceleration a, if ¥ = ry and v = v at time ¢t = 0, then
v(t) = vy +at
r(t) = To + Vot + %ﬁtQ .
For one-dimensional motion with constant acceleration a:
v? =2 + 2a(x — x0) .

For circular motion at constant speed v:

where r is the radius of the circle, and the acceleration is directed towards the center of
the circle.

If an object has position r and velocity v, its position and velocity relative to an
observer with position ry and velocity vy are given respectively by

!

r =r—ryp,

)

vV = {; — {;0 .
Average velocity and acceleration are given by

. AT . Av
Vaverage = At Aaverage — At
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Mass, Acceleration, and Force:

F = ma (Newton’s second law);

— GM

F=-— 2mf° (the gravitational force between two particles);

r

o1 Qg . o

F = 7 (the electrostatic force between two particles);
Ameg 12

F, = —kx (Hooke’s law);

where 7 is a unit vector pointing from the particle which is the source of the force,
toward the particle on which the force is acting.

Friction:

Fy

—

N

= pg (kinetic friction);

F.

< s N} (static friction).
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