Printed name Nine-digit GT ID

Fall 2022 IPLS | Final exam

Print your name and nine-digit Tech ID very neatly in the spaces above.
Initial the odd pages in the top margin, in case the pages of your quiz get separated during scanning.
We will distribute the standard formula sheet separately. Do not turn in the formula sheet along with
the test; any work on the formula sheet will not be graded.
Read all problems carefully before attempting to solve them.
Your work must be legible, and the organization must be clear.
You may use any dark-colored pencil or pen that is not orange.
You must show all work, including correct vector notation and units where appropriate.
Correct answers without adequate explanation may be marked wrong.
Incorrect work or explanations mixed in with correct work may be marked wrong. Cross out anything
you do not want us to grade.
Make explanations correct but brief. You do not need to write a lot.
Include diagrams where appropriate.
Show what goes into a calculation, not just the final number. For instance,
a-b (8-1073N)(5-10°m)
c-d (2-10°5N)(4-10*m)
Give standard Sl units with your results if we don’t already supply them.
If you cannot do some portion of a problem, invent a symbol for the quantity you cannot calculate.
Explain that you are doing this, and use it to do the rest of the problem.
Some problems may include extra information (or extra variables) that are not needed for the final
answer. Some problems may omit standard information that is given on the formula sheet, or common
standard variables (such as g for gravity, or e for the elementary charge in electrostatics), that are
necessary for their solution.
Simplify your answers when possible.
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Problem 1: Short answer / multiple choice

Limited or no partial credit.

[6 points] Estimate the amount of energy required to climb a flight of stairs. Keep in mind that human
muscles are only about 50% efficient.

J
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Initials:

[5 points] Under normal conditions, the blood flow in a certain artery is 26 mL/s. If the diameter of this
artery shrinks by 10% (due to plaque formation), what will be the new blood flow in it? Assume blood

pressure is unchanged.

mL/s
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[6 points] You hold two blocks in your left and right hands, each a height y; above the floor. At t = 0,
simultaneously, you:

1. let go of the left-hand block, and
2. toss the right-hand block vertically up into the air.

Sketch the position of the blocks as a function of time. Please label which is “left” and which is “right”.

o
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Initials:

[8 points] A 24.0 kg object is released at position x = —3.0 m with speed 0.5 m/s, in the presence of the
potential energy shown below.
v

-4

Find (approximately if necessary, since you’re reading off a graph):

The leftmost turning point (the left edge of the object’s range):

X, = m

The rightmost turning point (the right edge of the object’s range):

XR = m

The location (within the object’s range) where the object has maximum kinetic energy:

XmaxK = m

The location (within the object’s range) where the object experiences the largest magnitude force:

XmaxF — m

IPLS | p.5/22 Fall 2022



Problem 2: Short answer / multiple choice

Limited or no partial credit.

[7 points] A standing wave on a rope looks like this:

O

If the rope has a mass of 0.1 kg and is stretched to a tension of 500 N, what is the frequency of this standing

wave?

Hz
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Initials:

[6 points] Which of these functions describes a wave that travels in the +z direction? Choose all that are
correct. Read carefully!

O | sin(kx) cos(wt)

exp(—(kz — wt)?)

sin(ky — wt)

2 cos(kz) cos(wt)

OO 10O

1/(kz + wt)?
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Note: Read carefully and contrast the problem on this page and on the following page.

[6 points] A 3 kg object, starting from
rest, experiences the force F(t) shown.
What is its speed afterwards? Note that
the plot shows force vs time.

m/s
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Initials:

Note: Read carefully and contrast the problem on this page and on the previous page.

[6 points] A 3 kg object, starting from FN)
rest, experiences the force F(x)
shown. What is its speed afterwards? ,
Note that the plot shows force vs
distance.

A

m/s
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Problem 3: Kinematics
Starting fromrestatx = 0and t = 0,

e Inphase 1, you accelerate at a rate of +2 m/s? for 6 seconds; then
e Inphase 2, you accelerate at a rate —6 m/s? (that is, 3x as hard and in the opposite direction) for a
long time.

A. [6 points] Find your position x4 and velocity v at the end of phase 1 (thatis, at t = 6 ).

Vg = m/s

B. [9 points] At some point in phase 2, you will turn around and head back towards your starting point.
What is the maximum value of x that you reach, and at what time does this occur?

Xmax — m

tmax = S
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Initials:

C. [10 points] You will eventually return to your starting position (x = 0). Find the time at which that
occurs, and your velocity at that time.

treturn = S

Ureturn = m/s
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Problem 4: Exploding firecracker

Two blocks are hung by strings of length L, and a
small firecracker is placed between them. When
the firecracker explodes, block A (mass m)
swings out and up a distance 4h ; block B
(unknown mass) swings out and up a distance h.
In the parts below, give your answers
symbolically in terms of m and/or h (plus
constants, as needed).

A. [10 points] What is the mass of block B?

mpg =

B. [8 points] How much energy Y was released by the firecracker?

Y =

IPLS |
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Initials:

C. [7 points] To reduce the carbon footprint of this experiment, you want to replace the original firecracker
with a small, stiff spring k. You will place the spring between the masses, compress it by a certain amount,
and then suddenly release it. Will this work (that is, will this produce the same h’s as the original
firecracker?), and if so how much should you compress this spring (in terms of m, h and/or k and constants)?

O Yes, this will mimic the firecracker provided you use a compression s =

O No, there is no way for a spring to produce the same effect as a firecracker.

Extra credit. [5 points] You replace the firecracker with a larger one, which has an explosion that is exactly
twice as strong (that is, yielding twice as much energy.) What happens to h4 and hg, the heights of masses
A and B after the explosion, compared to the original scenario?

(O | Both h, and hg increase by a factor of 4.

Both h, and hg double.

O
O | Both h, and hg increase by a factor of V2.
O

Both h, and hy increase, but by different factors.
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Problem 5: Lawn Chair Larry

Lawn Chair Larry was a Dallas man who tied helium-filled weather
balloons to a lawn chair and floated himself to a height of 16000 ft.”

A. [5 points] At ground level, Larry filled each weather balloon with 1.5
m? of helium. Assuming the mass of an empty balloon was 20 g, and that
each balloon was filled at STP' (where the density of helium is 0.179
kg/m®), what was the total mass of each filled balloon?

m; = kg

B. [5 points] Calculate the density of air at Larry’s cruising altitude, where
p = 55000 Paand T = -17 °C. Treat air as an ideal gas with an effective
mass of 29 g/mole.*

p= kg/m?®

- ol

.";" B
- :“' i\.’""ﬁ_’ -

Associated Press

“ 1 am not making this up. Larry survived his flight but was fined $1500 by the FAA. This was some time ago, when

$1500 was worth something.

T STP is “Standard Temperature and Pressure”, which is defined to be a temperature of 0 °C and a pressure of 1 atm.

 For comparison — or in case you want to scale from the value at STP — the density of air at STP is 1.30 kg/m?.

IPLS | p.14/22

Fall 2022



Initials:

C. [5 points] Weather balloons expand a limited amount as they rise: each of Larry’s balloons doubled in
volume from ground level to cruising altitude. How much buoyant force did each balloon provide?

Fbl — N

D. [10 points] Larry attached 30 balloons to his chair. Calculate the total combined mass of Larry, his bb
gun (used to pop the balloons when he wanted to descend) and his cargo of Miller Lite.

m= kg
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Problem 6: Pifiata

A pifiata (m = 2.0 kg) hangs by an elastic rope (k = 40 N/m). Use its
equilibrium position as the origin of the y-coordinate system, with +y pointing
upward.

A. [6 points] Calculate the angular frequency, frequency, and period for
vertical oscillation of the pifiata.

w = rad/s
f= Hz
T = S

B. [8 points] A helpful parent gently lifts the pifiata by 10 cm, and then lets go of it (from rest) at t = 0.
Write down the functions y(t) and v(t) that describe the pifiata’s position and velocity as a function of
time. Use only numbers in your answer: no symbols (other than ¢ for time).5

ye(t) =

vgp(t) =

§ If you wish, you may use our “standard” form (the one that starts from the form A cos(wt + ¢,)), but this is not
required. We will accept any correct function. That is, you do not need to explicitly derive amplitude and phase to get
full credit, provided what you write down is mathematically equivalent to the correct solution.
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Initials:

C. [8 points] With the pifiata hanging motionless, a sugar-crazed pre-teen whacks it directly upwards with
a baseball bat, instantly giving it an upward speed of 3.0 m/s at t = 0. Write down the functions y(t) and
v(t) that describe the pifiata’s position and velocity as a function of time. Use only numbers in your answer:
no symbols (other than t for time).”™

ye(t) =

ve(t) =

D. [3 points] Candy is gradually leaking out of the pifiata as it oscillates. What happens to the frequency of
its oscillation?

O | f increases.

O | f is unchanged.

O | f decreases.

™ See previous footnote. If you can visualize the motion, it may be easier to just guess the proper function and write
it down directly rather than doing a lot of math.
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Problem 7: Elastic collision

U2
\ 45°
2 kg
e——> O - >~
2kg 1kg '
10 m/s
1 kg

Objects 1 and 2 (with masses 1.0 and 2.0 kg), collide perfectly elastically at right angles. The 1 kg object
is deflected by 90°; the 2 kg object is deflected by 45°. Object 1 enters with a speed of 10 m/s.

A. [12 points] Use conservation of momentum and energy to write down three equations involving the three
unknowns: the initial speed (v) of object 2 and the final speeds (v, and v,) of each object. It’s not great
notation, but you can drop units to make your equations more readable.

Equation 1:

Equation 2:

Equation 3:
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B. [13 points] Solve your equations to give values for v, v; and v,."

v = m/s
v, = m/s
vy, = m/s

Initials:

T It’s a good idea to substitute your solved values back into the original equations in part A to make sure you haven’t
made an algebraic error somewhere.
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Problem 8: Pushing on a block

Scenario A: A block m is placed on a horizontal
surface. You push on it with small force P = %mg.

It doesn’t move.
Al. [6 points] Calculate the normal force N and the static frictional force F; on the block from the surface

below. Give your answers as a multiple of mg.

N =

mg

F;_:

mg

A2. [6 points] What can you say about yg, the static coefficient of friction between the block and the

surface?
You can’t draw any
O .
conclusions about .
O Us=
O |us=___
O |mw=z____
IPLS |
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Scenario B: A block m is placed on a different sloped
surface making an angle 6 = 30° to the horizontal. You

push on it with a small horizontal force P :2—10mg. It

doesn’t move.

B1. [6 points] Calculate the normal force N and the static
frictional force F, on the block from the surface below.
Give your answers as a multiple of mg.#

N =

mg

F;_:

myg

Initials:

 Hint: your algebra will be significantly easier if you use a tilted coordinate system that’s aligned with the slope.
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B2. [7 points] What can you say about pg, the static coefficient of friction between the block and the

surface?

O You can’t draw any
conclusions about p.

O Ju <
O Us=
O Jug=

Extra credit. [5 points] With such a small pushing force, you definitely need friction to prevent the block
from slipping. However, if you push on the block hard enough, the block will remain stationary even

without friction. What is the critical pushing force that yields F;, = 0?

Critical P =

myg
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