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it £ (Appendix)

it 1 CCMI 38484 i £ ° 154551 [8]

Q no. Pts Short name Description
Q1 3 Common Context: 1D, linear, homogenous differential
differential equations equations Tasks: Write the general solution
to the differential equations ¥ = —A%x
(part a) and dy/dt = By (part b).
Describe a physical situtation
where d?z/df*> = B is applicable (part ¢)
Q2 2 Taylor Context: Gravitation Task: Given
approximation Ag=GMg/(R—d)*— GMg/R,
explain how you would determine
an approximate formula for Ag if d is small.
Q3 5 Potential energy map Context: Potential energy plot of a
particle free to move on a 2D plane.
Tasks: Where is the particle in
stable equilibrium (parts a and b)?
Rank the magnitude of the gradient
at points on the plot (part ¢). Draw
vectors that represent the force at those points (part d)
Q4 5 Damped harmonic Context: Expression, a;X 4+ a,x + azx = 0,
oscillator and a corresponding graph for the motion
of mass on a spring. Tasks: Identify the units
of a;, ay (parts a and b), and resketch the
solution if a5 is smaller (part ¢). What
would a g(¢) in lieu of “0” represent (part d)?
Q5 3 Simple harmonic Context: Simple harmonic motion Tasks: In
oscillator simple harmonic motion, what is restoring
force proportional to (part a)? Write an expression
for position as a function of time (part b). Draw
potential energy as a function of position (part c).
Q no. Pts Short name Description
Qo6 6 Vector decomposition  Context: Ball sliding in the bottom of a sawed off sphere.

Q7

Q8

Q9

Q10*

QI 1%

2 Resonance

4 Writing a differential
equation

3 Writing an integral

2 Fourier series

| Laplace’s equation

Tasks: Draw the vectors # and & (part a). Express the
velocity vector in the x-y and r-@ coordinate
systems (part b). Check your answer (part c).

Context: Mass on a frictionless spring attached
to a driving force with a small amount of friction
in the system. Tasks: Sketch the amplitude of
the oscillation of the mass as a function of the
driving frequency.

Context: Particle confined to move between two
objects that attract it. Tasks: Given description
of the position and forces, write down a
differential equation that describes the
position of the particle as a function of time.

Context: Infinitely thin cylindrical shell
with non-uniform mass per unit area.

Tasks: Write down the infinitesimal area,

dA (part a). Write down an integral that

would give you the mass of the entire shell (part b).
Context: Graph of periodic function.

Tasks: Which Fourier series could be the

correct expansion for the given function? (MCQ)

Context: Function of two variables. Tasks:

How would you separate U to solve Laplace’s
equation in Cartesian coordinates,

Q*UJ0x* + U /dy* = 0, using separation

of variables? (MCQ)

12



CCMI & bl3#4T Q9 -4 SIS 3 - B £ 4 enft 2 [8]

Learning goals evaluated: Students should be able to:
- choose appropriate area and volume clements to integrate over a given shape.

- translate the physical situation into an appropriate integral to calculate the gravitational force al a particular point
away from some simple mass distribution.

Q9 Consider an infinitely thin cylindrical shell with non-uniform mass per unit area of
o(¢, z). The shell has height k and radius a, and is not enclosed at the top or bottom.

(a) What is the arca, dA, of the small dark gray patch of the shell which has height dz h
and subtends an angle d¢ as shown to the right?

(b) Write down (BUT DO NOT EVALUATE) an integral that would give you the

MASS of the entire shell. Include the limits of integration.

CCMI § 134 Q9 2 % 2% ¢ {h[8]

Question 9 (Writing an Integral) - Total points: 3:

Part A: 1 point

Full credit (1) Correct adodz
Partial credit (0.75) Wrong length scale rdodz
No credit (0) Incorrect No credit for any other responses

Part B: 2 points
Full credit (2) Correct Correct integral form:

e Integrals must be over d¢p and dz; dA must agree with
part A

e Limits on the d¢ integral must be [0, 27]

e Limils on the dz integral must be either [0,h] or
[=h/2,h/2)

e Mass density (o(¢, 2) or o) must appear in the integral;
Substituting p is OK

Partial credit (1.75) “Symmetric” integral  [Integral over d¢ is from [0, | but is multiplied by 2
Minus 0.5 points (1|Incorrect 2D integral Problematic limits or kernel:
max) e Limits on the integral are incorrect (e.g., [—h,h] or

10,7)
e Kernel of the integral is incorrect (e.g., missing o (¢, 2)
or a)

No credit (0) Incorrect No credit for any other responses (e.g., 1D or 3D integral)

13



CCMI 4 513342 Q8 [ -4~ 3L 5 5 i 3= fie & = 42 33 42[10]

differential equation

between the two attractive objects.

Learning Goal Evaluated: Students should be able to use Newton’s laws to translate a given physical situation into a

A particle (mass, m) is confined to move on the x-axis between two objects that attract it. The particle does not leave the region

+ One object is located at x = 0, and the attractive force between the object and the particle is proportional to the square of the
distance between them with proportionality constant .

« The second object is located at x = 10, and the attractive force between the object and the particle is inversely proportional to
the distance between them with proportionality constant k.

Write down a differential equation that describes the position of the particle as a function of time, x(f).

CCMI ¢ bl 32 3L F] ¥ = $:[10]

Category Claim

Evidence

Example

Does not distinguish between

. distances
Distance

Distinguishes between distances
incorrectly

Uses same distance value for each force

Uses different variables for each distance or
determines the second distance incorrectly using the
position of the second object

mi=—cx? +k/x

mi = —ex? +k/(x—10)
or mi = —cx? +k/xz

Misrepresents the force

Force terms description in the mathematical

Error in the way distance is used in either or both
force terms and/or proportionality constants not

mi=—1/x+1/(10—x)

expression/s present in force terms
. Determines or represents the No minus sign in the final expression or a minus sign .
Sign L . p . e e eXP - us sig mi = cx® —k/(10 —x)
direction of the forces incorrectly  in front of the wrong term in the final expression
Structure Difficulty representing the force Mass does not appear in the final expression i=—cx+ k/(10—x)
expression as a differential One side of the expression is written in terms of x mit = —cr® +k/(10—1)
equation and the other in terms of another variable -
Final expression is a first order differential equation dx/dt = ex? +kx or
or a function x(f) = ex® +kfx
. F| = *C_'Cz
No final expression :
P Fy = k/(10 —x)
. . . Write a generic expression not using the description . .
Recall a differential equation . 28 P e P Ai+B+x=0
Other given in the question
approaches Use terms given in description to Terms ¢, k, and x appear in the expression in some W) = £(k—c)

write an expression

form
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