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WME01/01 JANUARY 2020

Question 1 8 marks Momentum, Impulse & Collisions

WORKED SOLUTION Question 1 · WME01/01 January 2020

1 Choose a positive direction
Take P's original direction as positive. Before collision,  and . After collision, Q has
velocity  because its direction is reversed.

2 Find the impulse on Q

Impulse on Q equals change in momentum: .

3 Use conservation of momentum
Let the speed of P after collision be . Since P reverses direction, its velocity is . Hence

.

4 Solve for P's speed

Rearrange: , so .



5 Use the fact that speed is positive

Since  and , the numerator must be positive: . Therefore .

✓ FINAL ANSWER

.
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Question 2 7 marks Moments

WORKED SOLUTION Question 2 · WME01/01 January 2020

1 Set the tensions
Let the tension at A be . The tension at C is then . Since  m and  m,

 m.

2 Use vertical equilibrium
The upward tensions balance the weight: , so .

3 Take moments about A
The centre of mass is  m from A. Taking moments about A gives .



4 Solve for W

From the moments equation, . Also . Hence

, so  and  N.

5 State the modelling use
Modelling the beam as a rod means it stays straight and rigid, so the distances used in the moments
equations do not change.

✓ FINAL ANSWER

 The rod model keeps the beam straight and rigid, so the stated distances
along the beam are fixed.
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Question 3 11 marks Constant Acceleration in 1D

WORKED SOLUTION Question 3 · WME01/01 January 2020

1 Find the greatest height
For P, at greatest height the speed is zero. Use  with , ,  and

: . Hence .

2 Start timing when Q is projected

At this instant P is at height  and has zero velocity. After  seconds, P has fallen , so its height

above O is .

3 Write Q's height

Q is projected upwards from O with speed , so its height after  seconds is .

4 Equate the heights

At collision, . The gravity terms cancel, so .

5 Find the time

Substitute : . Therefore .



6 Find the collision position

Substitute  into P's height: . Thus they collide at O.

✓ FINAL ANSWER

 The particles collide at .
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Question 4 10 marks Forces



WORKED SOLUTION Question 4 · WME01/01 January 2020

1 Resolve forces on C
The two tensions are equal and symmetric. Their vertical components support the weight of C, so

. Hence .

2 Resolve vertically for ring A
For ring A, the normal reaction balances its own weight and the downward vertical component of the
string tension: .

3 Find the normal reaction

From , we have . Therefore .

4 Use limiting friction

The rings are just about to slide towards each other, so friction is limiting. With ,

.

5 Resolve horizontally for a ring
The horizontal component of the tension is balanced by friction: .

6 Find tan beta

Substitute : . Hence , so  and .

✓ FINAL ANSWER

.
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Question 5 10 marks Kinematics Graphs

WORKED SOLUTION Question 5 · WME01/01 January 2020

1 Describe the graph
The car's graph is a horizontal line at . The motorcyclist's graph starts at zero, rises with
gradient  until , then rises with smaller gradient  for a further  seconds.

2 Find the equal-speed time
Before , the motorcyclist's speed is . Set this equal to the car's speed: , so 
s.

3 Find the motorcyclist's speed at 15 seconds
After the first  seconds, the motorcyclist's speed is .

4 Find the final speed at catch-up
During the next  seconds the acceleration is , so the speed at catch-up is .



5 Equate distances

Motorcyclist distance . Car distance .

6 Simplify the equation

. Hence , so  and

.

✓ FINAL ANSWER

 Car: horizontal line at ; motorcyclist: two rising straight-line sections ending at the catch-up
time.

, so .
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Question 6 11 marks Working with Vectors

WORKED SOLUTION Question 6 · WME01/01 January 2020

1 Find the magnitude
For ,  N.

2 Find the direction angle of F

The angle that  makes with the positive  direction is , where . Thus 

approximately.

3 Compare with i plus j
The vector  makes an angle of  with the positive  direction.

4 Find the angle between the vectors
So the required angle is , approximately .

5 Write the resultant
The resultant of  and  is .

6 Use the parallel opposite direction
Parallel but opposite to  means the resultant is a positive multiple of .



7 Solve for a
Let . From the  component, , so . Then

, hence .

✓ FINAL ANSWER

.
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Question 7 18 marks Newton's Second Law



WORKED SOLUTION Question 7 · WME01/01 January 2020

1 Use B's descent

Before B hits the floor, it descends  m from rest in  s. Use : . Hence

.

2 Name the modelling assumption
The string is inextensible, so A and B have the same magnitude of acceleration while the string is
taut.

3 Find the tension
For B, taking downward as positive: . Thus  N.

4 Find the resultant force on the pulley
The pulley is pulled by two perpendicular tensions of magnitude . Therefore the resultant is

 N approximately.

5 Find the friction on A
For A before B hits the floor, . Hence  N.

6 Find mu

On the horizontal table,  N and . So .

7 Find A's speed when B hits the floor
At this instant, . A has also moved  m towards the pulley.

8 Find the extra stopping distance
After B hits the floor, A is slowed only by friction. Its deceleration is .
Use , giving  m.

9 Compare with the distance to the pulley
A's total distance is  m, which is less than  m. Therefore A does not reach the
pulley.

✓ FINAL ANSWER

 Inextensibility of the string.

 A does not reach the pulley.
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