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QUESTION 1

1 Problem 1 (24 / 24)

- 1 (a) Idea to use strategy of finding acceleration and

using this to determine velocity at bottom.

- 3 (a) FBD x-direction and resulting equation

- 3 (a) FBD y-direction and resulting equation

- 1 (a) Relationship between friction and normal force

- 4 (a) Kinematics + algebra to solve for final velocity

as function of angle or equivalent

- 3 (a) Argument that statement 1 is true appealing to

math.

- 4 (b) Energy conservation + equation

- 2 (b) Solve for final speed

- 3 (c) Take mathematical limit and discuss

+ 0 Point adjustment

QUESTION 2

2 Problem 2 (27 / 27)

- 3 (a) Reasonable argument that mass m_A will free

fall

- 4 (b) FBD + NSL equation mass A

- 4 (b) FBD + NSL equation mass B

- 4 (b) FBD + NSL equation for bottom pulley

- 4 (b) Constraint relating accelerations of both

masses (can be obtained via combination of more

than one constraint as in solution)

- 3 (b) Algebra and solve for a_{A,y}

- 3 (c) Plug in and solve for tension

- 2 (d) Take limit and compare to prediction

+ 0 Point adjustment

QUESTION 3

3 Problem 3 (24 / 24)

+ 3 (a) Convincing argument that block on string will

require more initial speed.

+ 2 (b) Momentum conservation

+ 3 (b) Mechanical energy conservation

+ 3 (b) force analysis at top with recognition of

condition on tension to just make it around

+ 3 (b) Solve for desired speed

+ 3 (c) Angular momentum conseravation (linear

momentum also works)

+ 3 (c) Mechanical energy conservation with

recognition that velocity zero at top to just make it

around circle

+ 2 (c) Solve for desired speed

+ 2 (d) Determine from math with speed is greater

and comment on whether agrees with prediction

+ 1 (a) plausible but incorrect reasoning (partial credit)

+ 2 (b) speed solved but with arithmetic error

+ 1 (c) speed solved but with arithmetic error

+ 2 energy conservation but used incorrectly

+ 2 momentum conservation used incorrectly

+ 0 no credit

QUESTION 4

4 Problem 4 (20 / 24)

+ 3 (a.1) horizontal total force is zero (no external

horizontal force actually)

+ 1 (a.2) vertical net forces is close to zero, as long as

the system center of mass doesn't change much in

the vertical direction

+ 3 (b) Argue stays at rest using momentum

conservation and initial condition

+ 3 (c) Argue net external torque in parallel-direction

zero since external forces are vertical, so ang. mom.

in that direction conserved

+ 3 (d.1)  angular momentum conservation equation

+ 2 (d.2) the correct result  (c+1)w

+ 3 (e.1)  Compute kinetic energy change result



expression correctly

+ 2 (e.2) give reasonable argument that why the

energy increases

+ 4 (f) when c goes to zero, all the changes are

negligible.  relate math with physics.

+ 0 zero

QUESTION 5

5 Problem 5 (13 / 14)

+ 5 (a) Kinematics or equivalent argument to obtain

the correct range expression and simplify

+ 3 (b) Compute correct Taylor expansion coefficients

and put together to write answer.

+ 6 (c)

+ 4 (c) setup correct, but arithmetic errors

+ 4 (a) correct setup, but arithmetic errors/missing

coefficients

+ 2 (b) unsimplified or arithmetic errors

+ 3 (c) half credit for giving two answers/good attempt

+ 2 (a) incorrect attempt

+ 1 (b) incorrect attempt

+ 2 (c) qualitative attempt/incorrect attempt

+ 5 (c) correct but with minor arithmetic error

+ 0 no credit
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