
Physics 7A (Prof. Hallatschek) 

First Midterm, Fall 2018, Berkeley, CA 

Rules:  This midterm is closed book and closed notes.  You are allowed one single-sided 8.5” x 
11” sheet of paper on which you can whatever note you wish.  You are not allowed to use 
scientific calculators. Cell phones must be turned off during the exam and placed in your 
backpacks. In particular, cell-phone-based calculators cannot be used. 

If you have your solutions on scratch paper, staple it to the last page. Do not insert it in the 
exam. 

Please make sure that you do the following during the midterm:  

- Write your name, discussion number, ID number on all documents you hand in. 
- Make sure that the grader knows what s/he should grade by circling your final answer. 
- Answer all questions that require a numerical answer to three significant figures. 

We will give partial credit on this midterm, so if you are not altogether sure how to do a problem, 
or if you do not have time to complete a problem, be sure to write down as much information as 
you can on the problem.  This includes any or all of the following:  Drawing a clear diagram of the 
problem, telling us how you would do the problem if you had the time, telling us why you believe 
(in terms of physics) the answer you got to a problem is incorrect, and telling us how you would 
mathematically solve an equation or set of equations once the physics is given and the equations 
have been derived.  Don’t get too bogged down in the mathematics; we are looking to see how 
much physics you know, not how well you can solve math problems. 

If at any point in the exam you have any problems, just raise your hand, and we will see if 
we are able to answer it. 

Name:  ______________________________ 

Disc Sec Number: 

_______________________ 

Signature: ___________________________ 

Disc Sec GSI: 

__________________________ 

Student ID Number: ___________________  

 

Problem Possible Score 

1 20  

2 15  

3 20  

4 20  

5 25  

Total 100  

  



Problem 1 – Car stunt (20 points) 
 
A car jumps between two identical ramps on a horizontal surface. As shown in the figure 
below, the car is launched from the point A on the first ramp that is at a distance L from 
the landing point B on the second ramp. Both ramps are tilted with the same angle 𝜃 from 
the horizontal. 

 
(a) Write equations for the x and y position of the car as a function of time t using the 

launch point A as the origin. Express your answers in terms of v0, 𝜃, t and 𝑔. 
(b) Calculate the magnitude of the initial speed v0 of the car needed to complete the 

jump successfully in terms of L, 𝜃, g. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

End of Problem 1 workspace.  
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1st MIDTERM  
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GOOD LUCK! 

 
1. This is a closed book exam. You are allowed to bring along only one 8.5”x 11”  
“cheat sheet,” pens, pencils, scientific calculator, and blue books. 
2. Write your name, Discussion Section #, GSI name and SID# on the top of all materials 
you intend to hand in and want to be graded. 
3. Circle your final answers. Show all your work in the blue book. If you do not show 
relevant work for part of a problem, you will not be awarded any credit for that part, even 
if the answer is correct.  If you recognize that an answer does not make physical sense, 
and you do not have time to find your error, write that you know that the answer cannot 
be correct and explain why.  For full credit explain your reasoning carefully, and show all 
steps. 
4. While cleanliness and legibility of your handwriting will not get you extra credit, they 
will help to make sure that your answers get the credit they deserve. In case you make 
mistakes, be sure to cross them out so they will not be mistaken as your answer. 
5. Express all numerical results to 3 significant figures.  Cross out any work you decide is 
incorrect, with an explanation in the margin.   
 
 
Problem 1- [30 points] 
 
 
A car jumps between two identical ramps on a horizontal surface.  As shown in the figure 
below, the car is launched from the point A on the first ramp that is at a distance L from 

the landing point B on the second ramp.  Both ramps are tilted with the same angle θ 
from the horizontal. 
 
 
 
 
 
 
 
 
 
 

a)  [20 points] Write equations for the x and y position of the car as a function of 
time using the launch point A as the origin. 

b) [10 points]  Calculate the magnitude of the initial velocity v0 of the car needed to 

complete the jump successfully in terms of L, θ, g. 
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Problem 2: Painter on a scaffold (15 points)  

  

A painter of mass M  stands on a scaffold of mass m (m<M) and pulls himself up by two 
massless ropes, which hang over pulleys, as shown. Ignore any friction. 

(a) He pulls each rope with force F and accelerates upward with a uniform acceleration 
a. Find a – neglegting the fact that no one could do this for long. 

(b) Now suppose the painter is lighter than the stand (M<m). He again pulls each rope 
with a force F and gets lifted off the stand. Find his initial acceleration and the 
acceleration of the stand.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Problem 2 workspace.  

PROBLEMS 79

(a) Draw force diagrams, and show all relevant coordinates.
(b) How are the accelerations related?

2.11 Mass on wedge*
A 45◦ wedge is pushed along a table with constant acceleration A.
A block of mass m slides without friction on the wedge. Find the
block’s acceleration. Gravity is directed down.

2.12 Painter on scaffold*
A painter of mass M stands on a scaffold of mass m and pulls
himself up by two ropes which hang over pulleys, as shown.

m

A
x

y

He pulls each rope with force F and accelerates upward with
a uniform acceleration a. Find a—neglecting the fact that no one
could do this for long.

2.13 Pedagogical machine*
A “pedagogical machine” is illustrated in the sketch. All surfaces
are frictionless. What force F must be applied to M1 to keep M3
from rising or falling?

M1

M2

M3
F

2.14 Pedagogical machine 2*
Consider the “pedagogical machine” of the previous problem in
the case where F is zero. Find the acceleration of M1.

2.15 Disk with catch
A disk rotates with constant angular velocity ω, as shown. Two
masses, mA and mB, slide without friction in a groove passing
through the center of the disk. They are connected by a light string
of length l, and are initially held in position by a catch, with mass
mA at distance rA from the center. Neglect gravity. At t = 0 the
catch is removed and the masses are free to slide.

Find r̈a immediately after the catch is removed, in terms of mA,
mB, l, rA, and ω.

mB

mA

w

lra

2.16 Planck units*
Max Planck introduced a constant h, now called Planck’s constant,
to relate the energy of an oscillator to its frequency. h = 6.6 ×
10−34 J · s, where 1 joule (J) = 1 newton-meter. (h is engraved on
Planck’s tombstone in Göttingen, Germany.)



Problem 3: Mass on wedge (20 points) 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 45° wedge is pushed along a table with constant acceleration a. A block of mass m 
slides without friction on the wedge. Find the block’s acceleration relative to the ground. 
Gravity is directed down.  
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
End of Problem 3 workspace. 

PROBLEMS 79

(a) Draw force diagrams, and show all relevant coordinates.
(b) How are the accelerations related?

2.11 Mass on wedge*
A 45◦ wedge is pushed along a table with constant acceleration A.
A block of mass m slides without friction on the wedge. Find the
block’s acceleration. Gravity is directed down.

2.12 Painter on scaffold*
A painter of mass M stands on a scaffold of mass m and pulls
himself up by two ropes which hang over pulleys, as shown.

m
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He pulls each rope with force F and accelerates upward with
a uniform acceleration a. Find a—neglecting the fact that no one
could do this for long.

2.13 Pedagogical machine*
A “pedagogical machine” is illustrated in the sketch. All surfaces
are frictionless. What force F must be applied to M1 to keep M3
from rising or falling?

M1

M2

M3
F

2.14 Pedagogical machine 2*
Consider the “pedagogical machine” of the previous problem in
the case where F is zero. Find the acceleration of M1.

2.15 Disk with catch
A disk rotates with constant angular velocity ω, as shown. Two
masses, mA and mB, slide without friction in a groove passing
through the center of the disk. They are connected by a light string
of length l, and are initially held in position by a catch, with mass
mA at distance rA from the center. Neglect gravity. At t = 0 the
catch is removed and the masses are free to slide.

Find r̈a immediately after the catch is removed, in terms of mA,
mB, l, rA, and ω.

mB

mA

w

lra

2.16 Planck units*
Max Planck introduced a constant h, now called Planck’s constant,
to relate the energy of an oscillator to its frequency. h = 6.6 ×
10−34 J · s, where 1 joule (J) = 1 newton-meter. (h is engraved on
Planck’s tombstone in Göttingen, Germany.)
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Problem 4: Loop-the-loop (20 points) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
An automobile of mass M drives at constant speed v onto a loop-the-loop, as shown.  

(a) Find the minimum speed v0 for going completely around the loop without falling 
off. (For this part of the problem, you can assume that the friction coefficient is so 
large that slipping is unlikely unless the normal force vanishes. In other words, 
you can answer this question without worrying about friction forces.) 

(b) Now assume the automobile drives at constant speed v<v0. As a result, the car 
starts to slip at some angle theta. Find the static friction coefficient 𝜇$ in terms of 
v, 𝜃, m and g.  

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

You may continue your work on the next page. 

112 FORCES AND EQUATIONS OF MOTION

3.12 Capstan
A device called a capstan is used aboard ships in order to control
a rope which is under great tension. The rope is wrapped around
a fixed drum, usually for several turns (the drawing shows about a
three-quarter turn). The load on the rope pulls it with a force TA,
and the sailor holds it with a much smaller force TB. Show that
TB = TAe−µθ, where µ is the coefficient of friction and θ is the total
angle subtended by the rope on the drum.TA TB

θ

3.13 Incomplete loop-the-loop
An automobile of mass M drives onto a loop-the-loop, as shown.
The minimum speed for going completely around the loop without
falling off is v0. However, the automobile drives at constant speed
v, where v < v0. The coefficient of friction between the auto and
the track is µ.

Find an equation for the angle θ where the auto starts to slip.
There is no need to solve the equation.

R

g

θ
ν

3.14 Orbiting spheres
Find the shortest possible period of revolution of two identical
gravitating solid spheres that are in circular orbit in free space
about a point midway between them. The spheres are made of plat-
inum, density 21.5 g/cm3.

3.15 Tunnel through the Earth
The gravitational force on a body located at distance R from the
center of a uniform spherical mass is due solely to the mass lying
at distance r ≤ R, measured from the center of the sphere. This
mass exerts a force as if it were a point mass at the origin.

Use the above result to show that if you drill a hole through the
Earth and then fall in, you will execute simple harmonic motion
about the Earth’s center. Find the time it takes you to return to
your point of departure and show that this is the time needed for
a satellite to circle the Earth in a low orbit with r ≈ Re. In deriv-
ing this result, treat the Earth as a uniformly dense sphere, neglect
friction, and neglect any effects due to the Earth’s rotation.

3.16 Off-center tunnel
As a variation of the previous problem, show that you will also
execute simple harmonic motion with the same period even if the
straight hole passes far from the Earth’s center.

3.17 Turning car*
A car enters a turn whose radius is R. The road is banked at angle
θ, and the coefficient of friction between the wheels and the road is
µ. Find the maximum and minimum speeds for the car to stay on
the road without skidding sideways.

R
θ
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3.12
Capstan

A
device called a capstan is used aboard ships in order to control

a rope which is under great tension. The rope is wrapped around

a fixed drum, usually for several turns (the drawing shows about a

three-quarter turn). The load on the rope pulls it with a force T A,

and the sailor holds it with a much smaller force T B. Show
that

T B
=

T Ae
−µθ , where µ is the coefficient of friction and

θ is the total

angle subtended by the rope on the drum.
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Find an equation for the angle
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There is no need to solve the equation.

R

g

θ

ν

3.14
Orbiting spheres

Find
the shortest possible period

of revolution
of two

identical

gravitating
solid

spheres that are in
circular orbit in

free space

about a point midway between them. The spheres are made of plat-

inum, density 21.5 g/cm
3 .

3.15
Tunnel through the Earth

The gravitational force on a body located at distance R
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center of a uniform
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Use the above result to show
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As a variation of the previous problem, show
that you will also

execute simple harmonic motion with the same period even if the

straight hole passes far from
the Earth’s center.

3.17
Turning car*

A
car enters a turn whose radius is R. The road is banked at angle

θ, and the coefficient of friction between the wheels and the road is

µ. Find the maximum
and minimum

speeds for the car to stay on

the road without skidding sideways.
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End of Problem 4 workspace.  



Problem 5 (25 points) 

 
 
Consider a system of 3 masses, one pulley and one massless string as illustrated in the 
sketch. All surfaces are frictionless.  

(a) Assume that the force F is such that M1 is held fixed (v1=0). What are the 
acceleration of M3, the tension in the rope and the force F, respectively?  

(b) What force F must be applied to M1 to keep M3 from rising or falling? 
(c) Assume F is zero. What is the initial acceleration of M1?  

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
You may continue your work on the next page. 

PROBLEMS 79

(a) Draw force diagrams, and show all relevant coordinates.
(b) How are the accelerations related?

2.11 Mass on wedge*
A 45◦ wedge is pushed along a table with constant acceleration A.
A block of mass m slides without friction on the wedge. Find the
block’s acceleration. Gravity is directed down.

2.12 Painter on scaffold*
A painter of mass M stands on a scaffold of mass m and pulls
himself up by two ropes which hang over pulleys, as shown.

m

A
x

y

He pulls each rope with force F and accelerates upward with
a uniform acceleration a. Find a—neglecting the fact that no one
could do this for long.

2.13 Pedagogical machine*
A “pedagogical machine” is illustrated in the sketch. All surfaces
are frictionless. What force F must be applied to M1 to keep M3
from rising or falling?

M1

M2

M3
F

2.14 Pedagogical machine 2*
Consider the “pedagogical machine” of the previous problem in
the case where F is zero. Find the acceleration of M1.

2.15 Disk with catch
A disk rotates with constant angular velocity ω, as shown. Two
masses, mA and mB, slide without friction in a groove passing
through the center of the disk. They are connected by a light string
of length l, and are initially held in position by a catch, with mass
mA at distance rA from the center. Neglect gravity. At t = 0 the
catch is removed and the masses are free to slide.

Find r̈a immediately after the catch is removed, in terms of mA,
mB, l, rA, and ω.

mB

mA

w

lra

2.16 Planck units*
Max Planck introduced a constant h, now called Planck’s constant,
to relate the energy of an oscillator to its frequency. h = 6.6 ×
10−34 J · s, where 1 joule (J) = 1 newton-meter. (h is engraved on
Planck’s tombstone in Göttingen, Germany.)



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
End of Problem 5 workspace. 


