Due Date: ____________
Name: ____________________________

Section 1 (Motion in 2D)
Assignment 4: Motion in Two Dimensions
Clearly label each answer with the question number and part. 
Show all working, and explain each step. 

Suggested marks in brackets. 
Underline the key verb in each part of each question. Underline final mathematical answers.

Questions

1) A 5.0 kg bowling ball is bowled down a bowling alley with a velocity of 3.0 m s-1 South.

a) Calculate the magnitude and direction of the final momentum of the ball.
[2]



b) The bowling action took 0.5 s. Determine that the acceleration of the ball, as it is bowled, is 6.0 m s-2.
[3]



c) Determine the magnitude & direction of the force applied to the ball as it was accelerated.
[2]



d) Use Newton’s 2nd law to find the change in momentum of the ball due to the force just calculated.
[2]



e) How much momentum does the bowler lose during the bowling of the ball?
[2]


f) Explain why the bowler does not appear to go backwards as a result of bowling the ball forwards, despite the Law of Conservation of Momentum.
[2]



g) The ball hits a stationary, 1.0 kg, pin that moves off at 10.6 m s-1, SE.

i) Calculate the magnitude of the final momentum of the pin if the final direction of the ball is SW.
[2]
ii) Use a vector diagram to determine magnitude and direction of the final momentum of the ball.
[5]





2) Below is a multi-flash diagram of two objects on an air table. Assume equal time intervals between images.
[image: image1.wmf]  
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a) Use vectors to find the combined momentum of the two objects before the collision.
[2]

b) Use vectors to find the combined momentum after the collision.
[2]

c) Show if momentum has been conserved during the collision.
[2]

d) If the original velocity of M1 is 3 m s-1 use vectors to find the initial velocity of M2.
[2]



3) A 10 kg bomb explodes into 3 fragments. A 3 kg fragment travels at 8 m s-1 North; another 3 kg fragment travels at 5 ms-1 East. Use a vector diagram to find the magnitude and direction of the velocity of the remaining fragment.
[5]

Paragraph Question

4) Explain why a body traveling in a circle of constant radius, at constant speed, does not have constant momentum.
[4]



5) Explain why it is impossible for a person to walk on a perfectly frictionless surface if he or she starts from rest.
[4]




6) Derive an equation expressing the conservation of momentum for two interacting particles, by substituting 
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[4]




7) Explain, in terms of the law of conservation of momentum, the motion under thrust of a rocket in a straight line (assume no loss of mass of the rocket).
[4]




8) Explain qualitatively, in terms of the law of conservation of momentum, how the reflection of light particles (photons) can be used to accelerate a solar sail. Include, in your explanation, a comparison of the acceleration of a spacecraft using a solar sail where photons are reflected with the acceleration of a spacecraft using a solar sail where photons are absorbed.


[4]

Practical Question

9) In an experiment a Year 11 student wanted to explore the effect of momentum. He added masses to a trolley and used a spring to accelerate the trolley. He collided the trolley with another spring and measured how far the new spring compressed. He found that whatever the mass of the trolley, the second spring compressed the same amount. He concluded that momentum was a figment of his teacher’s imagination, and that something other than mass must change momentum.
a) What was his dependant variable?
[1]

b) What was his independent variable?
[1]

c) Why did the spring compress by the same amount each time?
[1]

d) Explain why his error was either random or systematic.
[1]


e) What could he have done to fix his error?
[1]


Revision Question

10) A car of mass 1500 kg approaches a horizontal, circular curve of radius 55 m. Each of the four tyres on the car can apply a maximum force of 540 N on the road before the car begins to slide.
a) Calculate the maximum speed at which the car can travel round the curve without sliding.
[3]


b) Calculate the angle of the banked curve that would enable the car to turn without friction at that speed.
[3]



-- == --

A Diversion:

The Importance of Planning
One night 4 students were partying until late and did not study for a test which was scheduled for the next day.

In the morning, they thought of a plan. 

They made themselves look as dirty as possible, with grease and dirt.

They then went to the teacher and said that they had gone to a study seminar last night and on their return, a tyre burst on their car and they had to push the car all the way back home and that they were in no condition to do the test.

The teacher kindly allowed them to do a re-test after 3 days.

They thanked him and said they would be ready by that time.

On the third day, they went for their test.

The teacher said that as this was a Special Condition Test, all four were required to sit in separate classrooms.

They all agreed as they had prepared well in the last 3 days…..

continued on last page….
-- == --

………..continued
The test consisted of 1 single question, worth a total of 100 Marks........

  Q. 1. Which tyre?

       a) Front Left           b) Front Right

       c) Back Left            d) Back Right
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