Rolling o Physics Day Nerme:

Period:

Write all answers and show all calculations on another piece of paper.

1. The following items do not give you enough data. Answer them by estimation, not by measuring.
Estimate as accurately as possible (two significant figures)...

a) ... the volume of the classroom (in meterse’)
b) ... the length of the longest human hair in your physics class -- still attached to a head (in centimeters)
c) ... the height of the tallest student in your physics class (in meters)
d) ... the speed of walking ants in a typical ant trail (in millimeters/sec)
e) ...the acceleration of a Porsche 911 (very fast!) atits best (in kilometer/hour/sec)
f) ...the frequency of your heartbeat while sitting calmly (in beats / minute)
2. The diagram at the right 7.50 m
has been drawn carefully . ____________ - Notice that the entire roller coaster train
to scale, so you can (all three cars together) is 7.50 meters long.
measure the diagram | B > Measure the train with a ruler. Can you figure
with a ruler to find A out the scale? Fill in the blank here:
distances. Show all L,
calculations on the ! g 1cmonaruler =__ meters
following questions. P E
|
a) Use aruler to measure distances i
h and x on the picture. |
(Write your answers in meters.) i "
b) Based on conservation of energy, ¢§
what speed could the train getupto  ——— 1 _
at the bottom of the hill? (Use h.) |=e-mmmms No T T >
= meters 2
c) After rolling down the hill, the train moves at a steady speed
from point 1 to point 2. Suppose the first car needs
1.30 seconds to travel distance x. According to this,
how much speed does the train actually have at the bottom of the hill?
d) Which answer is larger, if either: answer (b) above, or answer (c) above? Why? Explain what happened
to the energy.
e) One car (plus passengers) = 550 kg. How much momentum does the entire train actually have at point 27
Use the answer from question (c) above.
f)  After the train stops, a chain pulls the train back up to the top of the hill. How much work is needed to
return the entire train to the top of the hill? (Ignore friction.)
g) The chain needs 18.0 seconds to pull the train back up the hill. How much power must be applied?

3. The roller coaster loop at the right has a radius of 12.0 meters.

a) Draw and name every force actingon... carX ...carY.

b) How much is the smallest speed the car can have

c) Suppose the car enters the very BOTTOM of the loop with

d) In order for the car to stay on the track when it gets to the TOP of the loop (N

at the TOP of the loop without falling off the track?

speed = 30.0 meters/sec. How much speed will it have when it gets to
the very TOP of the loop? (Use energy conservation.)

X

(without falling off), how much is the smallest speed it can have at the
BOTTOM of the loop (when it enters the loop)?
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4. Roger is in a raft drifting downstream toward Harriet at a steady L7 ~
,/~ arc of water ™\

speed. At the exact moment that he is 20.0 meters away from 4
her, she presses a button that shoots some water into the air at ," \ vf{g\
20.0 meters/sec at an angle of 80.0° . a NS
The water arcs through the air / \3#?

and lands right on top of Roger. Roger y’
—3

a) How high vertically does the water rise?

b) At what speed was Roger Harriet

drifting downstream toward Harriet? |< ————————————————————————————————————————— >

5. Asmall heavy ball is hanging from a spring as shown at the right. At the moment it reads
“1g” (9.80 meters/sec?) as gravity pulls downward against the upward force of the spring.
When set up this way, the ball on the spring acts like an accelerometer (an acceleration
meter). Imagine that you hold this accelerometer in front of you (vertically) everywhere you go

throughout an entire day. 0g|™
a) Suppose you hold this accelerometer stationary while you stand in the classroom. 1g|—

Which one exerts more force on the ball: gravity or the spring? 5
g|—

b) Now hold the accelerometer in the following 4 situations. In each situation, how much will it
read? Choose one of the following answers: Willitread zero g, 2 g, 1g,0or 2g7? 3g|—
Explain your choice for each case.

Case 1 Case 2 Case 3 Case 4
Inside a falling At the & At the bott At the top
elevator ofa :; //(;ﬁr) of a /f)o: om of the loop
accelerometer coaster loop g:xi upside

\v

6. We live on a spinning earth. That means we are moving in circles as the earth turns.
The Earth has diameter D = 12800 km. Suppose that Miguel (80.0 kg) lives on the equator.

a) Calculate the gravitational force that the earth exerts on Miguel.

b) Calculate Miguel's speed “v" (meter/sec) due simply to the spin of the earth.

c) Using a.=v'/R, calculate the net force (centripetal force) needed to keep Miguel moving at steady speed v
in a circle of diameter = D = 12800 km. (The speed v is your answer to question (b) above.)

d) Compare answer (a) to answer (c). Then think about the following statement:
Joey says, “In order for Miguel to keep moving in a circle by standing on a spinning earth, a net force
must act on him; gravity is just about the right amount of strength to be this net force.”
Explain why you agree or disagree with Joey.

7. The building at point A below is the loading station for a new roller coaster. Point B is the unloading station.
Each car on this new roller coaster will get pulled by chain up to the top of the first hill “T” and then it must be
able to coast freely with no other power source all the way to B. All along the track, it will encounter a small
amount of friction. After the car reaches point B, a chain will pull it back to A on a separate flat track that is not
shown on this diagram. Design the rest of the track from point T to point B. (Make up your own design.)
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