1-5 DBBAB

6-10 DBDAB

11-15 CCADD

16-20 CCACC

21-25 ADCCA

26-30 CCADC

31-35 ABBBA

36-40 DBBCB

41-45 CCDAB

131.AC

132.AB

133.CD

134.CD

135.AD
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Question 1

(a) Derive an expression for the initial acceleration of the two-block system at ¢t — #.

1. Fundamental Principle: Newton's second law states that F' — ma, where F is the net force,

m is the mass, and a is the acceleration.

2. Spring Force: The spring is compressed by %d, so the force exerted by the spring is F' = kg -
5d = Skyd.

3. Total Mass: The two-block system has a total mass of 2M + M — 3M.

4. Acceleration: Using Newton's second law, the acceleration a is:

F sked  kyd

“Tm T 3M M
Answer: The initial acceleration of the two-block system is %

(b) Complete the energy bar charts for{ — t; and ¢t — ¢s.

1Attt =ty

o The spring is compressed, so all energy is potential energy U..

o Kgy=0and K = 0.
2.Att =t

o The spring is at its relaxed length, so U; = 0.

o The blocks are moving, so K 4 and K are non-zero.

o The total energy is conserved, so K 4 + Kp = U; (from t = tg).
3.AtE =t

o Block A momentarily comes to rest, so K4 = 0.

> Block B is still moving, so K is non-zero.

o The spring is compressed again, so U; is non-zero.
Energy Bar Charts:

« Att =1t U; = 0, K4 and Kp are equal and non-zero.

» Att = fa2:U; is non-zero, K4 — 0, and K g is non-zero.



(c) Compare the spring compression at¢ — £ and t — .

» Att — g, the spring is compressed by %d.

« At{ — 4, the spring is compressed again, but some energy has been transferred to kinetic
energy of Block B.

» Since energy is conserved, the spring compression at ¢ — ¢; will be less than the compression
att = ¢,

Answer: The spring compression at £ — £; is less than the compression at £ — {,.
Question 2
(a) Draw and label the forces acting on the block-plate system.

+ Forces:
1. Gravitational force (F}) acting downward.
2. Normal force (Fn) perpendicular to the ramp.

3. Tension (T) from the string, parallel to the ramp.

(b) Derive an expression for the acceleration a of the cylinder.

1. Fundamental Principle: Newton's second law for the block-plate system and the cylinder.

2. For Block-Plate System:
T — (mp + nmy)gsin(f) = (mp + nmy)a
3. For Cylinder:
meg — T = mea
4. Combine Equations:
meg — (mp + nmy)gsin(8) = (me + mp + nmy)a
5. Solve for a:

_ mgg — (mp + nm,)gsin(8)

mg + mp + Ny
Answer: The acceleration of the cylinder is:

mgg — (mp + nmy)g sin(9)

me + mp + nmyg



(c) Design an experiment to determine m .

1. Quantities to Measure:
o Acceleration a: Use a motion sensor.
o Angle #: Use a protractor.
o Number of plates n: Known.
2. Procedure:
o Set up the ramp at a fixed angle 6.
o Attach n plates to the block.
o Release the system and measure the acceleration a using a motion sensor.

o Use the derived equation from part (b) to solve for m¢.

(d) Analyze the graph of a vs. sin(f).

1. Best-Fit Line: Draw a straight line that best fits the data points.
2. Slope Calculation: The slope m of the line is:

Aa
m=—

A sin(#)

3. Interpretation: The slope represents the relationship between acceleration and sin(#).
Question 3

(a) Indicate which cart has the greater mass.

« Cart B has the greater mass because after the collision, the combined carts move to the right,

indicating Cart B had more momentum.

(b) Derive an equation for the final velocity vy.

1. Fundamental Principle: Conservation of momentum.
2. Initial Momentum:

M AV4 — MBUR

3. Final Momentum:

(mg+mp)vy
4. Equation:

mavy —mpvp = (M4 + mp)vy
5. Solve for vy:

mAv4 — MBUR
Ve —

f maq+mpg
Answer: The final velocity is:

mAv4 — MBUR
Pvygp- ——
mq+mp



(c) Does the equation agree with part (a)?
» Yes, the equation shows that if mp > m 4, the final velocity v; will be positive (to the right),

consistent with part (a).

(d) Analyze the collision between Carts C and D.
1. Kinetic Energy:
> Initial kinetic energy Kz $(3M)(3v)? + 3(M)(v)? = 14M2%
> Final kinetic energy K 3(4M)(2v)* = 8 Mv™.
5 K_,r <= K, so the collision is inelastic.

2. Impulse:
o The impulse on Cart C is equal to the impulse on Cart D because of Newton's third law

(action-reaction pair).

Question 4

(a) Explain why the box does not reach the painted line.

« The box loses energy due to friction as it slides down the track. The work done by friction

reduces the box's kinetic energy, preventing it from reaching the painted line.

Question 5

(a) Derive an expression for the tension force in the cable.

2
1. Fundamental Principle: Centripetal force F' = %

2. Radius of Rotation: Each astronaut is at a distance ?‘? from the center of mass.

3. Tension Force:

T_ ﬂ{:z B 2 M2
5 D
Answer: The tension force is:
T _ 2 Mo?




(b) Analyze the angular momentum and angular speed.

1. Angular Momentum:
o Angular momentum is conserved, so Ly = L;.

2. Angular Speed:
o Initial rotational inertia I; — 2M (%]2 =MD
> Final rotational inertia Iy = 2M (D]2 = 2MD%

o Using conservation of angular momentum:

Liw; = Ijwy — wy = %wi = LM’DJM = lwf
¥ 2M D? 4
Answer: The final angular speed is:
1
Wy = sz

(c) Describe the motion of Astronaut A if the cable breaks.

+ If the cable breaks, Astronaut A will move in a straight line tangent to the circular path at the

point of release, due to inertia.
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