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Which of the following types of motion lead to fictitious forces (in the moving
reference frame)?

1. The frame moves at a constant velocity with respect to an inertial reference
frame.

2. The frame rotates at a constant angular velocity with respect to an inertial
reference frame.

3. The frame moves at a constant acceleration with respect to an inertial
reference frame.

4. The frame rotates at a constant angular acceleration with respect to an
Inertial reference frame.

A. None

B. Exactly one
C. Exactly two
D. Exactly three
E. Allfour



For a rotating coordinate frame with the rotation aligned with the
Z axis, we derived that

X((jj_)t( + y% + z% = (—xQsin6sinQt, yQ2sind cosat, 0)
How can this expression be rewritten in vector notation?
A I-Q
B. (2xr)-Q
C. (xr)-r

D. Qxr



The coriolis and centrifugal “forces™ are
I:coriolis =—2mQxv

|:centrifugal =—mE2x (Q X l')

Which force is more important in the limit of slow velocity (in the
rotating frame)?

A. Coriolis force

B. Centrifugal force

C. They are equally important

D. Neither is important

E. More information is needed to answer



The coriolis and centrifugal “forces™ are

|:coriolis =—2mMQxv

F =-—MQx(Q2xr)

centrifugal ~

A disk drive typically rotates at about 3600 rpm = 360 radians/sec.
For a dust particle at a radius r=5 cm, how fast must the particle
be moving (in the rotating frame) for the coriolis and centrifugal
forces to have approximately equal magnitude?

A. 9 cm/sec

B. 90 cm/sec
C. 900 cm/sec
D. 9000 cm/sec
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HOW DO YOU LIKE MY CENTRIFUGE,
MISTER BOND? WHEN | THROW THIS
LEVER, YOU WiLL FEEL CENTRIFUGAL
FORCE CRUSH EYERY BONE IN
YOUR BODY.

/

YOU MEAN CENTRIPETAL FORCE.
THERE'S NO SUCH THING AS
CENTRIFUGAL FORCE.

A LAUGHABLE CLAIM, MISTER BOND PERPETUATED
BY OVERZEALOUS TEACHERS OF SOENCE-
SIMPLY CONSTRUCT NEWTON'S LAWS IN A ROTATING
GYSTEM AND YOU WILL SEE A CENTRIFUGAL FORCE
TERM APPEAR AS PLAIN As DAY

/

COME NOW, DO YOU REALLY EXPECT
ME T0 DO (DORDINATE SUBSTITUTIBN
IN MY HEAD WHILE STRAPFED

™ A CENTRIFUGE?

NO, MISTER BOND.
| EXPECT YOU T0 DIE.

\




A bead rests on a wire that extends from the origin at and angle 6
to the vertical; the wire rotates with angular velocity Q about the
vertical. In the frame rotating with the wire, what is the magnitude

and direction of the centrifugal force when the bead is a distance r
from the origin?

A. MQ?rsind, away from the rotation axis
B, MQ¥?rsingd, towards from the rotation axis
c. mQ?rcos, away from the rotation axis

D. MQ°r cosO, towards from the rotation axis



A bucket of water spins about its central axis. After a relaxation

time the shape of the water surface reaches a steady state. Where
IS the water surface highest?

A. The water is highest at the center of the bucket.

B. The water is highest at a point intermediate between the center
and edge of the bucket.

C. The water is highest at the edge of the bucket.
D. The answer depends on the rotation rate.



A hockey puck slides from the center towards the edge of a
frictionless, rotating merry-go-round. The merry-go-round has
angular velocity Q and rotates CCW when viewed from above. In
the rotating frame, the initial velocity is in the positive y direction.
In the Inertial frame, which way does the path of the puck bend?

Q
A. The path curves to the right when viewed from

above (towards positive x). "

B. The path doesn’t curve.

C. The path curves to the left when viewed from
above (towards negative Xx).

D. The answer depends on the rotation rate.



A hockey puck slides from the center towards the edge of a
frictionless, rotating merry-go-round. The merry-go-round has
angular velocity Q and rotates CCW when viewed from above. In
the rotating frame, the initial velocity is in the positive y direction.
In the rotating frame, which way does the path of the puck bend?

Q
A. The path curves to the right when viewed from

above (towards positive x). "

B. The path doesn’t curve.

C. The path curves to the left when viewed from
above (towards negative Xx).

D. The answer depends on the rotation rate.



A hockey puck slides from the center towards the edge of a
frictionless, rotating merry-go-round. The merry-go-round has
angular velocity Q and rotates CCW when viewed from above. In
the rotating frame, the initial velocity is in the positive y direction.

Below are two different paths taken by the puck in the rotating
frame. Which correspond to motion with a larger initial velocity?

A B

C. It cannot be determined
from the information
given.

D. The answer depends on
the rotation rate Q2.



A hockey puck slides from the center towards the edge of a
frictionless, rotating merry-go-round. The merry-go-round has
angular velocity Q and rotates CCW when viewed from above. In
the rotating frame, the initial velocity is in the positive y direction.

What effect does the Coriolis force have on the velocity of the
puck?

Q
A. The Coriolis force changes the magnitude of the

velocity, but not the direction. "

B. The Coriolis force changes the direction of the
velocity, but not the magnitude.

C. The Coriolis force changes both the magnitude
and the direction of the velocity.

D. The answer depends on the rotation rate.
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A hockey puck slides from the center towards the edge of a
frictionless, rotating merry-go-round. The merry-go-round has
radius a, angular velocity 2 and rotates CCW when viewed from
above. In the rotating frame, the initial velocity is in the positive y
direction; neglect the centrifugal force.

How many rotations does the merry-go-round make before the
puck slides off the edge?

2
A &2

Y -~

g, 22

21V

v
C. —

acl

271V
D £V

ac



At which of these points will a person’s measured weight be
largest?

A. At the equator.
B. At 30 degrees N latitude.
C. At 45 degrees N latitude.

D. At 60 degrees N latitude.
E. At the north pole.




In the northern hemisphere, what direction are winds from the
north and south deflected by the Coriolis force?

N
A. Winds from the N are deflected E and winds Q 4>
from the S are deflected W. \f
B. Winds from the N are deflected E and winds ,]\

from the S are deflected E.

C. Winds from the N are deflected W and winds
from the S are deflected W.

D. Winds from the N are deflected W and winds
from the S are deflected E.




Consider a Foucault pendulum in the northern hemisphere. The
latitude I1s A and we are using coordinates where x points towards
the equator, y points parallel to a latitude line, and z points away
from the center of the earth. What is the rotation vector in this

coordinate system? ) _ N
—COSA COSA Q (A5
A Q=Q| 0 B. =Q| 0
| SINA | SINA

- —sin\ | ' sinA | j
Q 0 D. Q=Q| 0

i COSA | _cosk_ S

O
o
|




Consider a Foucault pendulum in the northern hemisphere. The
latitude I1s A and we are using coordinates where x points towards
the equator, y points parallel to a latitude line, and z points away
from the center of the earth. What is the cross product of the
rotation and velocity vectors in this coordinate system? N

_ - _ - QO
—XQSINA —XQACOSA SR
A. Qxv=| yQsinA | B. ®xv=| YyQCOSA
| —XQcos). | —XQsin) A !

| —yQsinA | —yQcosh j

C. Qxv=| XQSINA | D. ®xv=| XQCOSA
| —YCCOSA | | —yQsinA




Consider a Foucault pendulum in the northern hemisphere. We
derived the motion of the pendulum in the absence of rotation as
x’(t), y’(t). When rotation of the earth 1s included, we find

X(t) cosQ,t  sinC,t || X'(t)
y(t)| |-sinQ,t cosQ,t || y'(t) N
What is the effect of multiplying by the matrix? Qs A

A. The x’, y’ solution is reflected about a time-
dependent axis. —

B. The x’, y’ solution is reflected about a fixed
axis.

C. The x’, y’ solutions is rotated through a fixed
angle.

D. The x’, y’ solution is rotated through a time- S
dependent angle.




Consider a Foucault pendulum in the northern hemisphere. We
derived the motion of the pendulum in the absence of rotation as
x’(t), y’(t). When rotation of the earth 1s included, we find

X(t)| | cos€y,t sinCt || x'(t)

y(t)| |—sinQ,t cosQ,t || y'(t) N

i i Q (A5
What Is precession frequency of the pendulum?

A. Q

B. Q siniA K\

C. Q) cosA
D. None of the above.



Consider a Foucault pendulum in the northern hemisphere. Where
does the pendulum precess most rapidly?

Q (A5 7
A. At the equator.

B. At 30 degrees N latitude.
C. At 45 degrees N latitude. A
D. At 60 degrees N latitude.
E. At the north pole.




