Our Dynamic Universe – Part 1.
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Higher Physics:
Combining Vectors

1. Find the resultant of each of the following groups of vectors:

a. displacement 100m N and then 50m S

b. displacement 100m N and then 50m N

c. displacement 100m N and then 50m E

2. If you walk 100m North and 150m South East what is the distance gone and the displacement?

3. If you run 200m on 100(, 80m on 250( and 150m on 060( calculate the total distance and the displacement?

4. A river flows at 10 km hr-1. A boat is rowed at right angles to the bank at 6km hr-1. By means of a scale diagram find the resultant velocity of the boat. Use a calculation to find the resultant velocity.

5. If the wind drives a yacht at 080( with a speed of 10 knots and the tide is running at 6 knots at 040( what is the resultant velocity of the yacht?

6. A swimmer swims at 6km hr-1 at 090( to a riverbank. The river flows at 8km hr-1. What is the swimmer’s resultant velocity?

7. A ferry crosses from point G on the mainland to a point K on a nearby island. The ferry sets out at 2.4 ms-1 in the direction 040( east of north. While in the strong current flowing through the middle of the channel, the ferry is found to be moving at the same speed in the direction 040( west of north (320() although the ferry is still pointing in the original direction as indicated in the diagram. Draw an accurate vector diagram and, hence or otherwise, find the velocity of the water in the channel.
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Resolving Vectors

1. Find the components of the following velocity vectors in the horizontal and vertical directions:
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2. If a gale is blowing at 30ms-1 from the west what is its component due North?

3. If the tide flows NE at 5ms-1, how quickly is a floating log carried to the North?

4. An aircraft flies at 200ms-1 on a bearing of 320(. How fast is it travelling due North?

5. A parachutist drifts to the ground with a velocity of 2ms-1 at 10( to the vertical.

a. What is his vertical velocity?

b. If he takes 14s to land, how far horizontally has he travelled?

6. In a game, a ball is fired from a machine at 12ms-1. The intention is to aim the machine such that the ball hits the wall 20m directly in front of it after exactly 2s. At what angles must the ball be fired?
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Straight Line Motion
1. A vehicle starts from rest and accelerates uniformly at 7ms-2 in a straight line, Calculate:

a. The time to reach 42ms-1.

b. The distance travelled in that time.

2. A car travelling at 12ms-1 along a straight road accelerates uniformly to a velocity of 27ms-1 at 5ms-2. Calculate:

a. The distance travelled during this acceleration

b. The time taken to change the velocity.

3. A lorry driver is travelling at 30ms-1 when a crash occurs 45m ahead of him. If his maximum deceleration is 8ms-2 show if he can stop in time.

4. During race practice a motorcyclist can reach a speed of 70ms-1 down the main straight before having to brake to 10ms-1 to take a hairpin bend. How far before the corner must he fix his braking point if his maximum deceleration is 20ms-2?

5. A dragster accelerates off the line to a speed of 80ms-1 in 5s. whereupon its engine fails and it coasts to a halt in another 20s.

a. Sketch the velocity time graph of its motion.

b. What is the final displacement from the start line?

c. At what time does it pass the finish line, 400m from the start?

6. The velocity/time graph for an object travelling in a straight line is shown below. Use the graph to show that the distance travelled is given by the expression:
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Vertical Motion under Gravity

1. A ball is dropped from a window and takes 4s to reach the ground. Calculate:

a. The velocity on impact

b. The height of the window

2. A stone thrown vertically downwards at 5ms-1 from the top of a 100m high cliff.

a. With what velocity does it hit the ground?

b. How long does it take to land?

3. An object is thrown vertically upwards at 40ms-1.

a. How long does it take to reach its maximum height?

b. Calculate the maximum height?

4. A helicopter is climbing at 25ms-1 when an object is released from it. If the object strikes the ground after 8s, find:
a. The velocity with which it hits the ground.

b. The original height of the object when it was released.

5. A stone is thrown vertically upwards. It arrives back at its starting point 4s later. Calculate:

a. The initial velocity

b. The maximum height it reaches

c. The velocity with which it arrives back at its starting point.

6. A girl throws a ball vertically in the air at 20ms-1. As it falls back to the ground her friend jumps high into the air and catches it 3m above the ground. Sketch an accurate velocity/time graph (including values) of the motion of the ball from the instant it left her hand until it was caught.

7. A steel ball falls to the ground from a height of 1mm and rebounds to a height of 4m. Calculate:

a. The time to fall

b. The velocity on impact

c. The time to bounce up again from the ground

d. The velocity with which it leaves the ground.

e. Sketch the velocity/time graphs of these results.

Horizontal projectiles
1. A boy kicks a football at 15ms-1 off a 125m cliff.

a. How long does the ball take to land?

b. How far from the bottom of the cliff does the ball land?

2. A stone is thrown horizontally from the top of a building. If it lands 2.5s later at a point 25m from the foot of the building find:

a. The height of the building.
b. The horizontal velocity of the projection.
c. The vertical velocity on reaching the target.
3. An archer aims directly at a target 40m distant. If he fires an arrow which leaves the bow at 100ms-1, by how much will he miss the bullseye?

4. A projectile is fired horizontally from the top of a tower 80m high. It strikes the ground 160m away from the foot of the tower. Find:
a. The time of flight.
b. The horizontal velocity.
c. The vertical velocity at the ground.
d. At what angle to the ground is the projectile moving when it strikes the ground?

5. A bar tender slides a glass along a smooth table top in a saloon to a customer who unfortunately fails to stop it. If the table top is 1.25m bove the floor find:

a. The time that the glass takes to fall and

b. The speed it slid along the table if the glass hits the floor 1m from the foot of the table.

Angled Projectiles
1. A cannon whose barrel is elevated at 40( to the horizontal fires a shell with a muzzle velocity of 350ms-1.

a. What are the vertical and horizontal components of the velocity?

b. Find the greatest height reached by the shell

c. Using only the vertical velocity find how long the shell takes to reach the ground.

d. How far does the shell travel horizontally before striking the ground?

2. A projectile is fired at 40ms-1 at 60( to the horizontal.

a. What are the vertical and horizontal components of the velocity?

b. How long will it take to travel forward 40m?

c. What will be the velocity of the projectile at its greatest height?

d. What is its acceleration in the vertical direction?

e. How long will it take to reach its greatest height?

f. How long will it take to come down again?

g. How long will it be in the air?

h. How far forward will it have travelled in that time?
Newton’ Second Law
1. A ship is stuck on a sand bank. A tug is summoned to pull it off. If the forces acting are as shown what is the minimum force required of the tug?


2. A rocket to outer space fires its rocket motor. This motor exerts a constant force of 7.5 * 106N. 
a. If the mass of the rocket is 5*105kg calculate the initial acceleration of the rocket.

b. Fuel is used up at a rate of 3000kg every second. What is the acceleration of the rocket 100s after the rocket is fired?

3. The friction at the wheels of a trolley is being investigated. The trolley is pulled along the bench by an accurate spring balance as shown:



a. what is the accelerating force applied to the trolley

b. what is the force of friction at the wheels of the trolley?

c. If the wheels are oiled so that friction becomes negligible what acceleration would be expected if the trolley is now pulled by a balance reading 8N?
1. A block of mass 2kg is pushed along a bench with a constant force of 5N. The frictional force opposing the motion is 3N.

a. Calculate the resultant force.

b. Find the acceleration of the block.

2. Two girls push a car of mass 2000kg. Each applies a force of 50N. The force of friction is 60N. Find the acceleration of the car.

3. A boy on a skateboard rides up a slope. The total mass of the boy and skateboard is 90kg. He decelerates uniformly from 12ms-1 to 2ms-1 in 6 seconds. Calculate the resultant force acting on him.

4. The driver of a car travelling along a level road brakes sharply. The front wheels of the car lock producing the skid marks shown below as the car comes to rest. The mass of the car including the driver is 1050kg. It is estimated that the frictional force while skidding is 5120N. Calculate the speed of the car just before the wheels locked.





5. A pupil is asked to measure the average frictional force acting against a trolley as it rolls along a horizontal surface. She sets up the following apparatus:


The pupil measures the distance between the two light beams.

a. What other measurements would she need to take?

b. How would she calculate the deceleration of the trolley using some of these measurements?

c. State how the average frictional force would then be calculated.

6. A rocket is fired vertically upwards. For a short time during its upward flight it travels with a constant velocity. If, during this period, air resistance acts against it with a force of 80N and its mass is 3kg calculate the thrust of the rocket motor.

7. A 70 kg parachutist jumps form a plane and starts to freefall. 

a. If the air friction acting on him is 200N with what acceleration will he fall? 

b. When the chute opens, the parachutist then falls at a steady speed. What is the force of friction now?

8. A rocket takes off from the Kennedy Space Centre and accelerates to 90ms-1 in 4 seconds. The resulting force acting on it is 40kN upwards. Find the rockets mass.

9. A rocket of mass 2.2 * 106kg is launched vertically. The rocket engines exert a constant force of 3.0*107N.
a. Calculate the resultant force on the rocket at take off.

b. Find the initial acceleration of the rocket as it takes off.

c. The table below shows the speed of the rocket at intervals of time after the launch.
	Time (s)
	0
	10
	20
	30
	40

	Speed (ms-1)
	0
	40
	90
	150
	220


d. State what the figures in the table indicate about the acceleration of the rocket during the first 40 seconds of flight.

e. Give an explanation for this.

10. A firework rocket has a mass of 0.5kg and the burning gases produce a force of 10N. Why will be the initial acceleration of the rocket? Why will the acceleration soon change?

11. A balloonist with his basket has a mass of 150kg. The balloon is rising at 0.5ms-1. 

a. What is the upwards force which the balloon is producing?

b. What will be the acceleration if the balloonist throws 10kg of ballast overboard?

12. A light spring has a mass of 0.2kg suspended from its lower end. A second mass of 0.1kg is suspended from the first by a thread. The arrangement is allowed to become stationary and then the thread is burned through. At this instant what is the upwards acceleration of the 0.2kg mass?


13. A force of 60N pushes three blocks as shown.


If each block has a mass of 8kg and the force of friction on each block is 
4N calculate:

a. The acceleration of the blocks

b. The force A exerts on B

c. The force B exerts on C.
The force is then reduced until the blocks move at a constant speed.

d. Calculate the force now required to push the blocks.

e. Does the force block A exerts on block B now equal the force B exerts on C? Explain.
14. A tractor of mass 1000kg pulls a trailer of mass 1000kg along a horizontal road. The total resistance to motion has a constant value of 4000N. One quarter of this resistance acts on the trailer. When the acceleration is 2ms-1 what is the force exerted on the tractor by the tow bar?

15. A crate of mass 200kg rests on a balance in a lift.

a. What would be the reading on the balance(in N) when the lift was stationary?

b. The lift accelerates upwards at 2ms-2. What would the balance read now?

c. The lift then travelled upwards at a constant speed of 6ms-1. What is the reading on the balance?

d. For the last stage of its journey the lift decelerates upwards at 2ms-2. What is the reading on the balance?

Force as a vector
1. An object of mass 10kg is moving down a slope, as shown in the diagram, with a constant acceleration of 10ms-2. An applied force of 200N acts down the plane. The component of weight down the plane is 50N. What is the value of friction opposing the motion?


2. A catapult is pulled back as shown below until the tension in the elastic is 34N.


Calculate the magnitude and direction of the resultant force on the stone at the instant the elastic is released.

3. An acrobat is stationary at the centre of a tightrope. The angle between the rope and the horizontal is 10( as shown. If the acrobat weighs 600N calculate the tension in the rope.


4. A water skier is being towed by a boat travelling at constant speed. If the tension in the rope is 40N, calculate the force acting along line AB opposing the forward motion of the skier.

5. A 2kg mass is hanging by a string from the roof. A horizontal force H is applied to hold the string in the position shown in the diagram. By drawing a scale diagram or otherwise find the reading on the spring balance.

6. A skier is being towed at constant speed up a ski slope by a tow cable as shown. 

a. List all the forces acting on the skier (ignore air resistance).

b. If the force T exerted by the two cable on the skier is 600N, find the work done by this force in moving the skier 20m along the slope.

Momentum

1. A trolley of mass 2kg travelling at 10ms-1 collides with an identical stationary trolley. What is the velocity after the collision if they stick together?

2. A lorry of mass 3000kg travelling at 15ms-1 collides with a stationary car of mass 1000kg. What is the speed immediately after the smash?

3. A lorry of mass 4000kg travelling at 10ms-1 drives into the back of a car (mass = 1000kg) travelling at 5ms-1. What is the velocity after the collision?

4. A car of mass 1500kg, travelling at 30ms-1, goes into the back of another (mass 1200kg) which is stationary at traffic lights. The two cars become locked together, then hit a third car in the traffic queue. If the second and third cars are identical, what is the final velocity?
5. A skater (mass 80 kg) and his partner (60kg) are moving at 5ms-1. If they collide with another pair (combined mass 120kg) coming directly towards them at 3.5ms-1 what is the final velocity of the four and in what direction will that velocity be?

6. Two trolleys of mass 1.5kg each are sitting on a table. What is their total momentum? They are exploded apart. What will the total momentum be after the explosion? If one trolley recoils at 4ms-1 what will be the velocity of the other? 

7. A gun of mass 2000kg fires a shell of mass 5kg at 50ms-1. What will be the velocity of the recoil of the gun?

8. A spaceman ejects 0.5kg of gas at 60ms-1 from his backpack. What momentum will the spaceman gain and in what direction? If he has a mass of 80kg what velocity will he gain because of this?

9. A balloon contains 0.006kg of air. As the air is released the 3g balloon acquires a velocity of 2.5ms-1. What is the approximate velocity with which the air escapes? Why is this velocity only approximate?

10. A ball X of mass1 kg travelling at 5ms-1 strikes a stationary ball Y of mass 2 kg. If the ball X bounces back along its original path at 1ms-1, what will be the speed of ball Y?

11. The diagram shows a collision between two trolleys X & Y. The momentum of trolley X before and after collision, and the momentum of Y before the collision are as indicated.






Both trolleys are travelling to the right after they collide.

What is the momentum of trolley Y after the collision?
Impulse

1. The bar graph indicates how the force on a 0.046 kg golf ball varies with time.


a. Estimate the change in momentum of the golf ball.

b. Calculate the speed of the ball as it leaves the club.
2. On an air-track a lighter vehicle hits a heavier one and bounces back form it. The mass of the lighter vehicle is 0.1kg and its speed before the collision is 8ms-1. After impact it rebounds at 2ms-1.


a. Calculate the size of the change momentum of the heavier vehicle.

b. What additional information would be needed to calculate the average force exerted on the heavier vehicle due to the collision?

3. A stationary snooker ball of mass 0.2kg is hit by a cue so that the ball moves off with an initial velocity of 2ms-1. The time of contact between the cue and the ball is measure electronically to be 50ms. Calculate the average force exerted on the ball by the cue.

4. A ball of mass 0.4 kg is kicked. The force applied by the boot is 100N and the boot is in contact with the ball for 0.01s. What is the approximate velocity of the ball as it leaves the boot?

5. If a girl of 60kg jumps off a 0.8m bench 

a. what is her velocity when she reaches the floor? 

b. What is her momentum? 

c. If she keeps her knees straight so that her fall is stopped in 0.1s what is the force on her legs? 

d. If she lets her knees bend so that her fall is stopped in half a second, what is the force on her legs this time?

e. Which is the more sensible way to land from a fall?
6. Two trolleys of mass 1 and 2 kg are exploded apart. If the lighter one has a velocity of 8ms-1 after the explosion and the spring produced a force of 12N, how long were the two trolleys in contact?

7. Why do seat belts have some elasticity in them; i.e why do they stretch a bit for large forces? What is meant by the crumple zone in a a car and what is its purpose?

8. A trolley of mass 2kg moving at 2ms3 collides inelastically with an identical stationary trolley. After the collision, they move off coupled together. How much kinetic energy is lost during the impact?
9. A girl on a bike is cycling at constant speed. The combined kinetic energy of the girl and her bicycle is 1600J. She then slows down. What is the new combined kinetic energy of the girl and her bicycle when their combined momentum is half its previous value?

10. At the fair a boy and a girl are seen bouncing on separate trampolines as shown. The graphs in show how the forces exerted by the trampolines on the children vary with time. Graph A represents the force on the girl and Graph B the force on the boy. 


a. “Each child undergoes the same change in momentum during the bounce”. Justify this statement.

b. The boy has a greater mass than the girl. Both children bounce from the same height on to their trampoline. Which child will rebound from the trampoline with the greater speed? Explain your answer.
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Our Dynamic Universe Problems





Vectors, Straight line and Vertical Motion, Projectiles, Newton’s Second Law, Force as a Vector, Momentum & Impulse.
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