Spring 2016 Physics 7A Lec 001 (Yildiz) Midterm |
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1. (15 points) Small cart is rolling down an inclined track and

accelerating. It fires a ball straight out of the cannon as it moves. After it

is fired, what happens to the ball? Does it fall back to the incline behind the
cart, right into the cart or in front of the incline? Explain your reasoning
conceptually.

Answer: Because the track is inclined, the cart accelerates. However, the ball has the same component
of acceleration along the track as the cart does! This is essentially the component of g acting parallel to
the inclined track. So the ball is effectively accelerating down the incline, just as the cart is, and it falls
back into the cart.



2. (20 points)

A tennis ball launcher is placed on a grass lawn, and a target is placed

flat on the ground beside it. This target is attached to a car by a rope (see

figure), and at the instant the launcher fires a ball at an angle, 8, and a

_,  speed, vy, the target travels to the right at a constant speed, W. When the

/ 4 ‘1\ tennis ball lands, it hits the center of the target. At the instant this ball

lands, a second ball is launched at the same angle, but at a speed, v. What

must v/v, be so that the second tennis ball also hits the center of the
target? (You should get a pure number.)
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3. (25 points)

The figure below shows three blocks stacked on top of a frictionless table. The top block and the

bottom block are connected to each other by a string through a pulley with negligible mass. The
coefficient of kinetic friction between the three blocks is the same p;, = 0.30. When a force, F=40

N, is applied to the middle block, all three blocks accelerates, and thus slide with respect to one
another. What is the acceleration of each of each block?
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4. A double conical pendulum consists of two masses, m and M, connected by a massless
string over a frictionless, massless pulley. The entire apparatus rotates freely at constant

angular speed o (rad/s) about the vertical axis (dashed line) with / and L constant. Find L,
0, ¢, and the tension T in the string, in terms of m, M, I, o, and g.
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5. (20 points)

A banked curve of radius R in a new highway is designed so
that a car traveling at speed v, can negotiate the turn safely
on glare ice (zero friction). If a car travels too slowly, then it
will slip toward the center of the circle. If it travels too fast,
it will slip away from the center of the circle. If the
coefficient of static friction increases, it becomes possible for
a car to stay on the road while traveling at a speed within
a range from vpin to Vmax. Derive formulas for v, and
Pmax as functions of wg, vy, and R.
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From Example 5-15 in the textbook, the no-friction banking angle is given by # = tan™' v—.

force. Driving at a higher speed with the same radius requires more
centripetal force than that provided by the normal force alone. The
additional centripetal force is supplied by a force of static friction,
downward along the incline. See the free-body diagram for the car on - i
the incline. The center of the circle of the car’s motion is to the right of
the car in the diagram. Write Newton’s second law in both the x and y
directions. The car will have no acceleration in the y direction, and
centripetal acceleration in the x direction. Assume that the car is on the verge of skidding, so that the

centripetal force in this case is provided by a component of the normal y
X

static frictional force has its maximum value of F = u F .
ZE =F,cos@-mg—F,sin0=0 — F cosO—ulk,sind=mg —
mg
(cosO—u, sin0)
ZE =I; = F;sinf+ I cosO = mvz/R — Fysin@+ u I cost :mvz/R —
mvz/R
(sin@+ u, cos0)

Equate the two expressions for the normal force, and solve for the speed, which is the maximum
speed that the car can have.




va/R B mg .
(sin@+ u, cos@) (cosd—u, sinb)
i 1 0

cos@ (1—u, tan6)

Driving at a slower speed with the same radius requires less
centripetal force than that provided by the normal force alone. The
decrease in centripetal force is supplied by a force of static friction,
upward along the incline. See the free-body diagram for the car on
the incline. Write Newton’s second law in both the x and y directions.
The car will have no acceleration in the y direction, and centripetal
acceleration in the x direction. Assume that the car is on the verge of

skidding, so that the static frictional force is given by F, = u I .
ZE =F,cos0-mg+F, smf=0 —

: mg
F,cosO+ulkF, smb=mg — F,=
) el . Y (cos @+ u sin )
ZEzFR:FNsinH—Fﬁcosﬁzmvz/R - FNsinH—,usFNcosﬁzmvz/R -

mv’ / R
(sin@ — p, cos0)
Equate the two expressions for the normal force, and solve for the speed.
mv’ / R mg

= -
(sin@—p, cos®) (cosO+ u, sinb)

o :JRg sind (1—-u, /tan0)

cos@ (1+ u, tan )
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Thus |v. =v and |v




