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	Autumn 
	Spring 
	Summer

	
	Autumn 1
	Autumn 2
	Spring 1
	Spring 2
	Summer 1
	Summer 2

	Topic 

	Further Stats 1
Units 1,2
Chapters 1,2
Further Mech 1
Units 1, 2a
Chapters 1,2

	Further Stats 1
Units 3,4,5
Chapters 3,4,5
Further Mech 1
Units 2b-c, 3a
Chapters 2,3

	Further Stats 1
Units 6
Chapter 6
Further Mech 1
Units 3b, 4a
Chapters 3,4


	Further Stats 1
Units 7
Chapter 7
Further Mech 1
Units 4b, 5a
Chapters 4,5
	Further Stats 1
Units 8
Chapter 8
Further Mech 1
Unit 5b
Chapter 5

	Formal examination

	Critical Prior Knowledge 
	Prerequisites:
Stats AS Units 2,4

Page 0 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 18 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 0 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
Page 14 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
	Prerequisites:
Stats AS Units 2,4,5
Pure Unit 4
Further Stats 1 Units 1,2,3
Stats A2 Unit 3

Page 42 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 58 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 76 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 14 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
Page 38 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
	Prerequisites:
Pure AS Unit 4
Stats AS Unit 5
Further Stats 1 Units 2,3
Page 90 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 38 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
Page 68 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
	Prerequisites:
Pure AS Unit 3,6
Stats AS Unit 4
Pure A2 Unit 8
Further Stats 1 Units 1,2,3
Page 128 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 68 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
Page 94 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
	Prerequisites:
Stats AS Unit 5
Stats A2 Unit 2
Further Stats 1 Units 2,3,4
Page 146 – Further Statistics 1 - ActiveTeach (activeteachonline.com)
Page 94 – Further Mechanics 1 - ActiveTeach (activeteachonline.com)
	

	Overall Intent
(Big ideas and key concepts)

	Discrete random variables: expected value and variance
Solving problems involving random variables
Modelling with the Poisson distribution
Adding Poisson distributions
The mean and variance of a Poisson distribution and of a binomial distribution
Using the Poisson to approximate the binomial
Momentum in one direction
Conservation of momentum
Momentum as a vector
Work done
Kinetic and potential energy

	The mean and variance of a geometric distribution
The negative binomial distribution
Mean and variance of the negative binomial distribution
Hypothesis testing for the mean of a Poisson distribution
Finding critical regions
Hypothesis testing for the parameter of a geometric distribution and finding critical regions
The Central Limit Theorem
Conservation of mechanical energy and the work-energy principle
Power
Hook’s law and equilibrium problems
	Chi-squared tests
Goodness of fit
Degrees of freedom
Testing a hypothesis
Testing the goodness of fit
Using contingency tables
Apply goodness of fit tests to geometric distributions
Hooke’s law and dynamic problems
Elastic energy
Problems involving elastic energy
Direct impact and Newton’s law of restitution
Direct collision with a smooth plane
	Probability generating functions
Mean and variance of a distribution
Sums of independent random variables
Loss of kinetic energy
Successive direct impacts
Oblique impact with a fixed surface
	Quality of tests
Type I and II errors
Finding errors using the normal distribution
Calculate the size and power of a test
The power function
Successive oblique impacts
Oblique impact of smooth spheres
	

	Essential
Knowledge milestones 
(What students must master)


	Find the expected value and variance of a discrete random variable and of a function of X
Solve problems involving random variables
Use the Poisson distribution to model real world situations
Use the additive property of the Poisson distribution
Understand and use the mean and variance of the Poisson and the binomial distribution
Use the Poisson as an approximation to the binomial

Calculate the momentum of a particle and the impulse of a force
Solve problems involving collisions using the principle of conservation of momentum
Use the impuse-momentum principle and the principle of conservation of momentum in vector form
Calculate the work done by force
Calculate the kinetic energy of a moving particle

	Understand and use the geometric distribution
Calculate and use the mean and variance of the geometric distribution
Understand and use the negative binomial distribution
Calculate and use the mean and variance of the negative distribution
Use hypothesis tests to test for the mean of a Poisson distribution
Find critical regions using tables for the Poisson and geometric distributions
Use hypothesis tests to test for the parameter in a geometric distribution 
Understand and apply the central limit theorem

Use the principle of conservation of mechanical energy and the work-energy principle
Calculate the power developed by an engine
Use Hooke’s law to solve equilibrium problems involving elastic strings or springs
Use Hooke’s law to solve dynamics problems involving elastic strings or springs
	Form hypotheses about how well a distribution fits as a model
Understand degrees of freedom and use the chi-squared family of distributions
Be able to test a hypothesis
Apply goodness of fit tests to discrete data
Use contingency tables
Apply goodness of fit tests to geometric distributions

Find the energy stored in an elastic string or spring
Solve problems involving elastic energy using the principle of conservation of mechanical energy and the work-energy principle
Solve problems involving the direct impact of two particles by using the principle of conservation of momentum and Newton’s law of restitution
Apply Newton’s law of restitution to problems involving the direct collision of a particle with a smooth plane surface
	Understand the use of probability generating functions
Use probability generating functions for standard distributions
Use probability generating functions to find the mean and variance of a distribution
Know the probability generating function of the sum of independent random variables

Find the change in energy due to an impact or the application of an impulse
Solve problems involving successive direct impacts
Solve problems involving the oblique impact of a smooth sphere with a fixed surface
	Know about Type I and Type II errors and find them using the normal distribution
Calculate the size and power of a test
Draw a graph of the power function for a test

Solve problems involving the oblique impact of two smooth spheres
Solve problems involving successive oblique impacts of a sphere with smooth plan surfaces
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	Mode of Retrieval 

	









Retrieval practise:
Start of each lesson
1 question from this topic
1 question from a previous topic
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1 question from this topic
1 question from a previous topic
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1 question from a previous topic
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Start of each lesson
1 question from this topic
1 question from a previous topic
	

	ECC Student Characteristics


	Knowledgeable
Deeply understand and recall information
Skill in applying knowledge
	Knowledgeable
Deeply understand and recall information
Skill in applying knowledge
	Knowledgeable
Deeply understand and recall information
Skill in applying knowledge
	Knowledgeable
Deeply understand and recall information
Skill in applying knowledge
	Knowledgeable
Deeply understand and recall information
Skill in applying knowledge
	Knowledgeable
Deeply understand and recall information
Skill in applying knowledge

	Connection to future learning
(When is this developed / revisited)?
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Further Statistics 2 Unit Test 1: Correlation (part 1)

[image: AssPack_HEADER_BLANK_portrait]Further Statistics 2 Unit Test 2: Correlation

1	Figure 1 shows the population in millions, p, and the total number of medals won, m, for the European countries that won medals at an athletics tournament.

Figure 1

[image: ]

a	Describe the correlation between p and m.	(1 mark)

b	Find the value of the product moment correlation coefficient between p and m.

	You may use Spp = 15 004, Smm = 6110 and Spm = 7968	(2 marks)

c	Interpret the correlation between p and m in context.	(1 mark)

d	Many European countries did not win any medals in the tournament.

Describe the effect this would have on the correlation coefficient found in part b if these were included in the data.	(1 mark)

e	China has a population of approximately 1.4 billion.

Apart from China not being in Europe, give a reason why the correlation found in part b may not apply to China.	(1 mark)






2	Figure 2 shows the finishing position, y, against the average speed of the fastest lap, x in km h−1, for a randomly chosen motorcycle race which was held over eight laps with 12 competitors.

Figure 2

[image: ]

a	Find the value of the product moment correlation coefficient between the finishing position and average speed of the fastest lap.	(2 marks)

	You may use Sxx = 190.00, Syy = 143 and Sxy = –95

b	Interpret the correlation between the finishing position and the average speed of the fastest lap in context.	(1 mark)

c	Stating your hypotheses clearly, test whether or not there is a negative correlation between finishing position and average speed of fastest lap.

	Use a 5% level of significance.	(4 marks)

3	The quality manager of a food-producing factory wants to investigate if there is a correlation between the area of the top of a certain brand of cake, a, measured in mm2, and the quality measure, q, measured on a scale between 0 and 1.

The quality manager selects a random sample of 30 cakes and records the area and quality measure for each cake. They calculated,





, , Saa = 2 202 699, Saq = 11.2247

a	Calculate the product moment correlation coefficient between a and q.	(4 marks)

b	Based on the correlation coefficient in part a, explain why we cannot assume there is no relationship between a and q.	(1 mark)






4	A summer school ranked their courses based on the number of students enrolled, with the course with the most students enrolled given rank 1.

Table 1 shows the student satisfaction score for the ten most popular courses.

Student satisfaction is a score from 1to 5, where 5 is most satisfied.

Table 1

		Rank, p

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10



		Student satisfaction, q

		4.32

		4.19

		4.25

		4.15

		4.4

		4.2

		4.09

		4.13

		3.95

		4.1







a	Calculate Spearman’s rank correlation coefficient for p and q.	(4 marks)

b	Describe the correlation between p and q and interpret this in context.	(2 marks)

c	Explain why it would not be sensible to assume that this correlation applies to all courses run by the summer school.	(1 mark)

d	Without re-calculating the correlation coefficient, state if the Spearman’s rank correlation coefficient would change if the student satisfaction for the course ranked third was 4.28 instead of 4.25. Explain your answer.	(1 mark)

5	A researcher is investigating if lighter mountain bikes are more expensive.

A random sample of 12 different models of mountain bikes for sale in America was selected.

The mass, m, in lbs, and price when new, p, in US dollars, of each model of bike was recorded.



The conversion  was used to convert the mass from lbs to kg.

The conversion y = 0.74p was used to convert the price from US dollars to UK pounds.

The following results were obtained,





 , Sxx = 17.96

Syy = 702114, Sxy = 702114



a	Find the value of the product moment correlation coefficient between x and y.	(2 marks)

b	Work out the value of Sww.	(2 marks)

c	Write down the value of the product moment correlation coefficient between m and p.	(1 mark)

[bookmark: _GoBack]d	State two limitations of this analysis.	(2 marks)
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Further Statistics 2 Unit Test 2: Linear regression

[bookmark: _GoBack]1	The results of an experiment in which different masses were attached to an elastic string are shown in the table below. m is the mass attached, in grams, and x is the extension of the string, in mm.

Table 1

		m

		10

		20

		30

		40

		50



		x

		12.2

		23.8

		37.1

		47.8

		60.1







a	Find the equation of the regression line of x on m.

	Give your answer in the form x = a + bm where a and b are constants to be found.

		(2 marks)

b	Explain the significance of the value b.	(1 mark)

c	Use your regression line to estimate the value of x when:

i	m = 42.5 grams,

ii	m = 75 grams.	(2 marks)

d	Explain, with a reason, which of the estimates in part c is most reliable.	(1 mark)

2	The speed at which a sled goes down a constant incline is thought to be related to the mass placed on the sled. The table below shows the mass, m kg, and the speed 
v ms–1.

Table 2

		m

		1.2

		2.3

		3.1

		4.6

		6.8



		v 

		2.2

		4.1

		5.7

		8.4

		10.9















a	Calculate the values of  and .	(2 marks)

b	Find the equation of the regression line of v on m in the form v = a + bm where
a and b are constants to be found.	(2 marks) 

c	Explain the significance of the value a.	(1 mark)

d	Use your regression line to estimate that value of v when m = 5.7 kg.	(1 mark)

e	State, with a reason, whether this estimate is reliable.	(1 mark)






3	A farmer plants 5 crops of tomatoes and provides each crop with a different amount of nutrient supplement. The amount of nutrient given is x grams, and the number of tomatoes produced is y.





The data is coded using  and 











a	Calculate the values of  and .	(2 marks)

b	Find the equation of the regression line of y on x in the form y = a + bx,

	where a and b are constants to be found.	(5 marks)

c	Explain the significance of b in the model.	(1 mark)

4	A particular model of van depreciates in value as it gets older. Below is a table showing the ages, x years, and the value, P £’000s, of a random sample of these vans.

Table 3

		x

		0.8

		1.2

		1.7

		2.4

		3.1

		4.0



		P

		11.5

		10.6

		9.5

		8.4

		6.0

		5.7







The equation of the regression line of P on x is given as P = 12.869 – 1.9329x.

a	Explain the significance of the value 12.869.	(1 mark)

b	Calculate the residuals.	(2 marks)

c	Use your answer to part b to identify a possible outlier.	(1 mark) 

d	State, with a reason, whether the outlier should be excluded.	(1 mark)

e	Ignoring the outlier, produce another model.	(2 marks)

f	Use the model to predict the value of a van which is six years old.	(1 mark)

g	State, with a reason, whether your prediction in part f is reliable.	(1 mark)

5	A random sample of 8 pygmy possums is taken and the age, x days, and length, 
y cm, is recorded.





a	Find the equation of the regression line of y on x. Give your answer in the form 
y = a + bx where a and b are constants to be found.	(3 marks)

b	Calculate the residual sum of squares (RSS).	(2 marks)






Table 4 shows the residuals for each value of x.

Table 4

		x

		12

		15

		18

		21

		24

		27

		30

		33



		Residual

		0.0338

		−0.0149

		−0.0636

		0.0877

		0.039

		r

		−0.0584

		0.0929







c	Find the value of r.	(2 marks)

d	By considering the signs of the residuals, explain whether or not the linear regression model is suitable for these data.	(2 marks)

6	A scientist is measuring the amount of product produced by a chemical reaction when different amounts of a catalyst is added. She measures the amount of catalyst, x, in grams, and the amount of product, y, also in grams. The results are shown in the table below.

Table 5

		x

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11



		y

		6.1

		6.4

		6.8

		7.2

		7.5

		7.9

		8.0

		8.5

		8.9

		9.2











a	Show that the residual sum of squares (RSS) is 0.0429 correct to 3 significant figures.	(2 marks)

The equation of the y on x regression line is given as y = 5.42 + 0.344x.

b	Calculate the residual values.	(3 marks)

c	Write down the outlier.	(1 mark)

d	i	Comment on the validity of ignoring this outlier.	(1 mark)

ii	Ignoring the outlier, produce another model.	(2 marks)

iii	Use the new model to estimate the amount of product produced when 
8 grams of catalyst is added.	(1 mark)

iv	Explain whether it would be sensible or not to use the model to predict the amount of product produced when 15 grams of catalyst is added.	(1 mark)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 1: Momentum and impulse (part 1)

1	A snooker player strikes the white ball, which begins at rest, directly with her cue so that the cue makes contact with the ball to apply a simple, constant, forward force of 5 N for a time of 0.4 seconds.

a	Calculate the impulse exerted on the ball by the cue, and state the units of this value.	(2 marks)

A snooker player says that if you divide the impulse on the ball by the cue by the mass of the ball, you will get the initial speed of the ball, regardless of the force applied to the ball or the length of time it was applied for.

b	Using F = ma and v = u + at as a starting point, prove that the snooker player is correct.	(3 marks)

The ball moves across the table, in a straight line in the direction in which it was struck, at 8 m s−1.

c	Find the mass of the ball and state its momentum in kg m s−1.	(2 marks)

2	In a game of marbles, two glass spheres, one of mass 20 g and the other of mass 50 g, are projected towards each other along the same line, travelling with constant speeds 0.5 m s−1and 0.6 m s−1 respectively, so that they collide head-on. Immediately after the collision the speed of the heavier marble is halved, but its direction of motion is unchanged.

a	Find the speed and the direction of travel of the lighter marble immediately after the collision.	(4 marks)

b	Find the magnitude of the impulse given by the heavier marble to the lighter marble in the collision.	(2 marks)

c	State one modelling assumption that has been made in your solution to this problem.	(1 mark)

3	Two toy cars are connected by a light inextensible string which is 10 cm long. The cars are not the same. One has mass m kg and the other is 25 g heavier. Initially both toys are stationary and the connecting string is completely slack.

The lighter car is propelled away from the heavier car in a straight line, on a smooth surface, at a constant speed of 0.8 m s−1. As soon as the string becomes taut, the heavier car is jerked forward along the same line of motion so that it moves at a constant speed of v m s−1. At this same instant the impulse of the string on the lighter car brings it to instantaneous rest.

a	Express v in terms of m.	(4 marks)

As soon as the heavier car begins to move it experiences a constant resistant force to its motion of 20 N so that it quickly comes to rest.

b	Given that the heavier car stops the instant before it collides with the lighter car, find an inequality for m, the mass of the lighter car. Give your answer correct to 3 significant figures.	(4 marks)






4	A ball of mass 100 g is thrown vertically upwards with initial speed of 7 m s−1 so that it collides with an apple hanging from a tree. The apple has a mass of 250 g and hangs 1.8 m above the point from which the ball was thrown. During the collision the ball remains in contact with the apple for 0.8 seconds then, due to the collision, changes its direction and has an immediate downward speed of 1 m s−1. The apple will break from the tree and fall freely to the ground if it is struck with a force of more than 0.5 N.

a	Deduce whether the ball thrown as described above will dislodge the apple from the tree.	(4 marks)

Immediately after the collision the apple will move a distance x cm vertically upwards due to the impulse given to the apple by the ball, before falling back again due to gravity.

[bookmark: _GoBack]b	Find x to 2 significant figures.	(4 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 2: Work, energy and power

1	A body of mass 2 kg is moving at a constant speed of 5 ms−1 in a straight line on a horizontal plane. 

a	Calculate the Kinetic Energy of this moving body.	(2 marks)

The same mass of 2 kg is now stationary and raised from ground level to a height 10 cm above ground level.

b	Calculate the increase in Gravitational Potential Energy of this stationary body.	(2 marks)

The masses of two different objects, m1 and m2, are in the ratio 2:3.

The lighter object is travelling in a straight line on a horizontal plane at a constant speed of –υ ms−1.

The heavier object is stationary and held at a height h m above the horizontal plane. The amount of energy in both systems is equal. 

c	Express the height, h, in terms of g and υ.	(3 marks)

2	A stone block of mass 80 kg is pulled forward by a constant applied force of 80 N, so that it moves in a straight line along an assumed perfectly smooth horizontal surface for a distance of 10 m.

a	Assuming the motion of the block is in the same direction of this pulling force, calculate the work done by this applied force.	(2 marks)

The same stone block is now pulled by a different force, F N, which is applied to the block at an angle of elevation of 20° to the horizontal. The work done in moving another 10 m is the same as in part a.

b	Find the magnitude of this new applied force, F N to 2 significant figures.	(2 marks)

c	Given that: Power = Work done by an applied (driving) force ÷ time taken 

	Show that: power = Driving Force × Average velocity	(2 marks)

The time taken for the stone block to move 10 m in part a was shorter than the time taken to move the same block the same distance by the inclined force in part b.

d	Explain, with reasons, 

i	which applied force, a or b, had the greater power output.	(1 mark)

ii	why there was no power output in relation to the vertical component 
of the force F N. 	(1 mark)






3	A water skier with equipment of total mass 50 kg is being pulled by a rope attached to a speed boat so that the skier travels in a straight line along the surface of the lake at a constant speed of 25 ms−1.  

The skier lets go of the rope and then eventually slows to a stop due to the constant resistant drag force of the water surface on the skis.

a	If the distance from letting go of the rope until stopping is 100 m, use the work-energy principle to determine the size of the constant drag force on the skier.	(3 marks)

A second water skier with equipment of total mass, m kg is also pulled in a similar manner at a constant speed of 25 ms−1 when this skier also lets go of the rope. This person now also experiences exactly the same drag force.

b	This second skier is travelling at a speed of 4 ms−1 after 100 m.

	Find the value of m to 3 significant figures.	(3 marks)

A third water skier of total mass 40 kg is also pulled in a similar manner at a constant speed of 25 ms−1. She lets go of the rope as she leaves the water surface and starts to ascend a ramp which is inclined at an angle of elevation of 30° to the horizontal. The ramp is 9 m long and when she reaches its upper end she leaves the ramp and begins to make a jump through the air at a speed of 22 ms−1. 

c	Calculate the coefficient of friction, μ, between the surface of the ramp and the 
water skier to 3 significant figures.	(4 marks)

4	Similar sized packages each of mass 1.5 kg are launched down a chute 2 m long angled at θ° below the horizontal with an initial speed of 0.5 ms−1. The chute is assumed to be perfectly smooth. The speed of each package as it reaches the end of the chute must be no more than 2 ms−1.

a	Explaining your use of the given assumption, find the maximum possible value 
of angle θ in the range 0 ⩽ θ ⩽ 90 to 3 significant figures.	(5 marks)

[bookmark: _GoBack][image: ]

The assumption that the chute is perfectly smooth is now felt to be too inaccurate. Instead, the model is changed so that the chute has a coefficient of friction μ = 0.05. 

The chute is set at an angle such that θ = 7°.

b	Show that this amended model and arrangement still satisfies the requirement that the package must not exceed a speed of 2 ms−1 as it reaches the end of the chute. 	(4 marks)






5	A child driving a battery operated toy car, have a combined mass of 35 kg. The car is being driven up a straight path which is inclined at 10° to the horizontal. The resistance to the motion of the toy car from non-gravitational forces is modelled as a force of 12 N. At the instant when the car has a speed of 3 ms−1, it is decelerating at 0.2 ms−2.

a	Find the power output of the car at this instant.	(6 marks)

When the car passes a point A, its speed is 1.5 ms−1. At this point, the battery is flat and no longer has any driving force. The car comes to rest at a new point B. The resistance to motion from non-gravitational forces is again modelled constant of magnitude 12 N.

b	Using the Work-Energy Principle, calculate the distance AB to 2 significant figures.	(4 marks)

6	A roughly spherical pebble is released from rest just below the surface in the deepest part of a fresh water lake so that it is assumed to sink vertically downwards. The mass of the pebble is 12.5 g. As the pebble sinks due to gravitational force, it experiences two resistance forces.

The first resistance force is a constant force of 0.015 N due to buoyancy.

The second resistance force is a drag force of D N, which is variable and increases in direct proportion to the velocity of the pebble, υ ms−1.

a	The pebble reaches a terminal velocity of 0.8 ms−1. Show that the drag force can be represented exactly by the equation:

		D = (1/320) (5g – 6) υ N 	(4 marks)

The pebble reaches its terminal velocity after falling just 1.1 m beneath the lake’s surface.

It then loses a total of 30 J of energy (through its work against resistance forces) in reaching the bottom of the lake.

b	Find the depth of the lake at the point the pebble was released to 3 significant figures.	(2 marks)
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Further Statistics 2 Unit Test 3: Continuous distributions

1	The probability density function of the random variable X is defined as





a	Find the value of b.	(2 marks)

b	Calculate P(X < 8).	(1 mark)

2	The probability density function of the random variable X is defined as





a	Find P(X  >  6).	(3 marks)

b	Find the median value of X.	(1 mark)



c	Given that , find the value of k such that P(X  >  E(kX  –  1)) = 0.5	(2 marks)




3	The probability density function of the continuous random variable T is sketched in the graph below, where P(T < 0) = P(T > 4) = 0.



a	Show that k = 0.2 	(1 mark)



b	Given that  use integration to find the variance of T. 	(3 marks)

The cumulative distribution function for T is denoted by F(t) and is given by





c	Use F(t) to find P(T > 3.2)	(2 marks)

d	Find the value of b such that P(1.2 < T < b) = 0.4 	(3 marks)

e	Assuming that all professional track athletes can run 1000 metres in 4 minutes 
or less, decide whether the functions f(t) and F(t) would be appropriate models to use for the time, in minutes, taken by a professional track athlete to run 
1000 metres.

	Give a reason for your answer.	(2 marks)




4	The time, x minutes, that patients at a clinic wait to be attended to is modelled by the cumulative distribution function F(x) given below.





[bookmark: _GoBack]a	Show that the probability density function, f(x), for waiting times in the domain 
0 ⩽ x ⩽ 30 can be written in the form ax(bx + c), where a, b and c are constants to be found.	(2 marks)

b	Show, by an appropriate method, that the mean, median and mode of the waiting times are equal.	(2 marks)

c	Show that P(x < 20) ≈ 0.74 and interpret this result in the context of this question.	(2 marks)

[bookmark: Temp]d	Evaluate P(x ⩾ 12)	(2 marks)

e	Find the value of the constant k, given that E(kx – 20) = E(2x)	(2 marks)

f	Give a reason why the cumulative distribution function used to model the waiting times may not be accurate in real life.	(1 mark)




5	The probability density function of the random variable X is defined as





where k is a constant.



a	Show that 	(3 marks)

b	Explain how you know that the mode of X is equal to 9 	(2 marks)

c	Determine, with a reason, whether the median of X is less than or greater
than 6.5	(2 marks)

It is claimed by a student that the distribution of X is positively skewed. The student decides to find a suitable summary value to test this claim.

d	By finding the summary value, determine if the student’s claim is true, giving a reason for your answer.	(4 marks)



6	The continuous random variable Q is uniformly distributed over the interval .

a	Sketch the probability density function, f(q), of Q.	(2 marks)



b	Find  	(2 marks)

c	Determine, showing your reasoning, whether the lower quartile of Q is less than, equal to, or greater than zero.	(2 marks)



[bookmark: Eof]d	Find the value of k such that 	(2 marks)
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[bookmark: _Hlk492631466][image: AssPack_HEADER_BLANK_portrait]
Further Statistics 2 Unit Test 4: Correlation (part 2)

[image: AssPack_HEADER_BLANK_portrait]Further Statistics 2 Unit Test 2: Correlation



1	The speed and direction of wind and wind gusts affect the safety of aircraft taking off and landing.

A meteorologist collected data on the daily maximum gust, g in kn, and daily mean pressure, p in hPa, at an airport in London for the 61 days during September and October 2015.

She coded the data using x = 1.15g to convert the daily maximum gust into miles 
per hour.

The raw data and part of the analyses were corrupted by a computer virus. Only a scatter diagram (Figure 3) and some summary statistics survived.

	Figure 3

[image: ]





Spp = 5268   Spx = −1320

where,

p is the daily mean pressure in hectopascals (hPa)

g is daily maximum gusts in knots (kn)

x is daily maximum gusts in miles per hour.

The coding x = 1.15g was used as 1 knot = 1.15 miles per hour.



a	Find the value of the product moment correlation coefficient between p and x.	(4 marks)

b	Write down the value of the product moment correlation coefficient between p and x.	(1 mark)

The pressure reading on a certain day at the airport in September is 1032 hPa.

c	Comment on whether you would expect the day to be windy, giving a reason, based on Figure 3 and your answer to part b.	(2 marks)






[bookmark: _GoBack]2	A consumer website gave percentage ratings to a random sample of 10 washing machines based on a quality system, to see if there is a correlation between the quality and cost of the washing machines.

The quality system took into account ease of use, design, performance, and instructions.

Table 2

		Rating (%)

		69

		87

		54

		73

		95

		49

		66

		55

		74

		67



		Cost (£)

		550

		1699

		220

		700

		2000

		519

		348

		800

		1049

		550







a	Show that the Spearman’s rank correlation coefficient for this data is 0.827.	(5 marks)

b	Stating your hypotheses clearly, test whether this data supports the claim that there is a correlation between the rating and the cost of washing machines, at a 5% significance level.	(4 marks)

[bookmark: EOF]c	State one limitation of this analysis.	(1 marks)
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Further Statistics 1 Unit Test 5: Geometric and negative binomial distributions[image: AssPack_HEADER_BLANK_portrait]

1	Geovani has to pass an entrance examination to get into cookery school. He can take the examination as many times as he likes. The probability of him passing on any one attempt is 0.35

a	Find the probability that

[bookmark: _GoBack]i	he passes on the fourth attempt	(2 marks)

ii	he takes at least five attempts to pass.	(2 marks)

b	State two assumptions that you have used in your model.	(2 marks)

2	Steve is a keen fisherman. The probability that he catches a fish each time he casts his line is 0.2. X represents the number of times he casts his line before catching a fish.

a	State the distribution that can be used to model X	(1 marks)

Using the model in part a,

b	find

i	the probability that Steve catches his first fish on his third attempt	(2 marks)

ii	the expected number of attempts he makes to catch his first fish.	(2 marks)



c	Show that the standard deviation of the number of attempts it takes Steve to catch a fish is 	(2 marks)

Once Steve has caught a fish, he tries to catch a second fish.

d	Find the probability that he caught the first fish on the third attempt and a second fish on the sixth attempt.	(2 marks)

3	Felicia is an archer. The probability that she hits the bullseye with each arrow is 0.7. She shoots arrows until she hits the bullseye six times and the random variable Y is the number of arrows she needs to shoot.

a	State a suitable distribution to model Y and state clearly the parameters used.	(2 marks)

b	State two conditions that are necessary for the model suggested in part a to be valid.	(2 marks)

c	Find the probability that

i	it takes her nine attempts to score six bullseyes	(2 marks)

ii	it takes her nine attempts to score six bullseyes, given that she hits a bullseye on her first attempt.	(3 marks)






4	Kajol is trying to solve puzzles in a computer game. The probability that she solves each puzzle is 0.6. The random variable X represents the number of attempts she needs before she has solved five puzzles.

a	State a suitable distribution to model X and state one assumption that has to be made for the model to be valid.	(2 marks)

b	Find the probability that it takes Kajol 10 attempts to solve five puzzles.	(2 marks)

c	Find the mean number of attempts needed.	(2 marks)



d	Show that the standard deviation of the number of attempts needed is 	(2 marks)

5	Iona selects coins at random from a large bag that contains 200 mixed silver coins. She notes the value of the coin and replaces it. She continues to select coins until she has chosen a 10 pence piece r times. She models the situation using a negative binomial distribution and the random variable X represents the total number of times she selects a coin.

a	Suggest that the mean and the variance of X are 12 and 36 respectively, calculate

i	the number of 10 pence pieces in the bag.	(5 marks)

ii	the value of r	(1 mark)

Phillip says that Iona’s model is not suitable.

b	Give a reason why Phillip says this.	(1 mark)

6	Robbie is playing a game called ‘Whack-a-mole’. The probability that he whacks a mole on any one attempt is 0.55

a	Show that the probability that Robbie whacks his first mole on his second attempt is 0.2475	(2 marks)

b	Find the probability that he

i	whacks his fourth mole on his seventh attempt.	(2 marks)

ii	whacks his eighth mole on his 12th attempt, given that he whacks two moles in his first three attempts.	(3 marks)

c	Find the expected number of attempts Robbie needs to whack four moles.	(1 mark)



d	Show that the standard deviation of the number of attempts needed to whack four moles is 	(2 marks)

e	Give one reason why the models used in parts a to d might not be suitable.	(1 mark)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 2: Work, energy and power

1	A body of mass 2 kg is moving at a constant speed of 5 ms−1 in a straight line on a horizontal plane. 

a	Calculate the Kinetic Energy of this moving body.	(2 marks)

The same mass of 2 kg is now stationary and raised from ground level to a height 10 cm above ground level.

b	Calculate the increase in Gravitational Potential Energy of this stationary body.	(2 marks)

The masses of two different objects, m1 and m2, are in the ratio 2:3.

The lighter object is travelling in a straight line on a horizontal plane at a constant speed of –υ ms−1.

The heavier object is stationary and held at a height h m above the horizontal plane. The amount of energy in both systems is equal. 

c	Express the height, h, in terms of g and υ.	(3 marks)

2	A stone block of mass 80 kg is pulled forward by a constant applied force of 80 N, so that it moves in a straight line along an assumed perfectly smooth horizontal surface for a distance of 10 m.

a	Assuming the motion of the block is in the same direction of this pulling force, calculate the work done by this applied force.	(2 marks)

The same stone block is now pulled by a different force, F N, which is applied to the block at an angle of elevation of 20° to the horizontal. The work done in moving another 10 m is the same as in part a.

b	Find the magnitude of this new applied force, F N to 2 significant figures.	(2 marks)

c	Given that: Power = Work done by an applied (driving) force ÷ time taken 

	Show that: power = Driving Force × Average velocity	(2 marks)

The time taken for the stone block to move 10 m in part a was shorter than the time taken to move the same block the same distance by the inclined force in part b.

d	Explain, with reasons, 

i	which applied force, a or b, had the greater power output.	(1 mark)

ii	why there was no power output in relation to the vertical component 
of the force F N. 	(1 mark)






3	A water skier with equipment of total mass 50 kg is being pulled by a rope attached to a speed boat so that the skier travels in a straight line along the surface of the lake at a constant speed of 25 ms−1.  

The skier lets go of the rope and then eventually slows to a stop due to the constant resistant drag force of the water surface on the skis.

a	If the distance from letting go of the rope until stopping is 100 m, use the work-energy principle to determine the size of the constant drag force on the skier.	(3 marks)

A second water skier with equipment of total mass, m kg is also pulled in a similar manner at a constant speed of 25 ms−1 when this skier also lets go of the rope. This person now also experiences exactly the same drag force.

b	This second skier is travelling at a speed of 4 ms−1 after 100 m.

	Find the value of m to 3 significant figures.	(3 marks)

A third water skier of total mass 40 kg is also pulled in a similar manner at a constant speed of 25 ms−1. She lets go of the rope as she leaves the water surface and starts to ascend a ramp which is inclined at an angle of elevation of 30° to the horizontal. The ramp is 9 m long and when she reaches its upper end she leaves the ramp and begins to make a jump through the air at a speed of 22 ms−1. 

c	Calculate the coefficient of friction, μ, between the surface of the ramp and the 
water skier to 3 significant figures.	(4 marks)

4	Similar sized packages each of mass 1.5 kg are launched down a chute 2 m long angled at θ° below the horizontal with an initial speed of 0.5 ms−1. The chute is assumed to be perfectly smooth. The speed of each package as it reaches the end of the chute must be no more than 2 ms−1.

a	Explaining your use of the given assumption, find the maximum possible value 
of angle θ in the range 0 ⩽ θ ⩽ 90 to 3 significant figures.	(5 marks)

[bookmark: _GoBack][image: ]

The assumption that the chute is perfectly smooth is now felt to be too inaccurate. Instead, the model is changed so that the chute has a coefficient of friction μ = 0.05. 

The chute is set at an angle such that θ = 7°.

b	Show that this amended model and arrangement still satisfies the requirement that the package must not exceed a speed of 2 ms−1 as it reaches the end of the chute. 	(4 marks)






5	A child driving a battery operated toy car, have a combined mass of 35 kg. The car is being driven up a straight path which is inclined at 10° to the horizontal. The resistance to the motion of the toy car from non-gravitational forces is modelled as a force of 12 N. At the instant when the car has a speed of 3 ms−1, it is decelerating at 0.2 ms−2.

a	Find the power output of the car at this instant.	(6 marks)

When the car passes a point A, its speed is 1.5 ms−1. At this point, the battery is flat and no longer has any driving force. The car comes to rest at a new point B. The resistance to motion from non-gravitational forces is again modelled constant of magnitude 12 N.

b	Using the Work-Energy Principle, calculate the distance AB to 2 significant figures.	(4 marks)

6	A roughly spherical pebble is released from rest just below the surface in the deepest part of a fresh water lake so that it is assumed to sink vertically downwards. The mass of the pebble is 12.5 g. As the pebble sinks due to gravitational force, it experiences two resistance forces.

The first resistance force is a constant force of 0.015 N due to buoyancy.

The second resistance force is a drag force of D N, which is variable and increases in direct proportion to the velocity of the pebble, υ ms−1.

a	The pebble reaches a terminal velocity of 0.8 ms−1. Show that the drag force can be represented exactly by the equation:

		D = (1/320) (5g – 6) υ N 	(4 marks)

The pebble reaches its terminal velocity after falling just 1.1 m beneath the lake’s surface.

It then loses a total of 30 J of energy (through its work against resistance forces) in reaching the bottom of the lake.

b	Find the depth of the lake at the point the pebble was released to 3 significant figures.	(2 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 3: Elastic collisions in one dimension



[bookmark: _GoBack]1	Two spheres, one of mass 1.5 kg and the other of mass 4.5 kg, are moving towards each other, travelling in the same straight line, with constant speeds of 0.4 m s-1 and 0.1 m s–1 respectively.

a	Marsha predicts that the collision between these two spheres will be perfectly elastic. What velocity does Marsha expect each sphere to have after the collision?	(3 marks)

Marsha now experimentally measures the velocity of each sphere after the collision. Her results show that these velocities are equal in magnitude but opposite in direction.

b	Using Newton’s experimental law, express the velocities of both spheres after the collision, in terms of e, and hence find the value for the coefficient of restitution suggested by Marsha’s experimental results.	(4 marks) 

c	State the range of values for the coefficient of restitution for which these two spheres will always travel in opposite directions after the collision.	(2 marks)

2	A small rubber ball is dropped from a height of h0 metres above a fixed horizontal plane. The ball falls freely under gravity until it collides with the plane’s surface. The ball then rebounds vertically upwards.

a	If e is the coefficient of restitution between the ball and the plane, show that the greatest height achieved by the ball after first bouncing, h1, is given by:

h1 = e2 h0	(4 marks)

b	Deduce an expression for the height reached after n bounces, hn, in terms of e and h0.	(2 marks)

c	The maximum height achieved by the ball after six bounces is half of the maximum height achieved by the ball after two bounces. Find e, correct to three decimal places, and thus comment on the elasticity of the collisions.	(3 marks)

3	A sphere of mass 2 kg is moving on a smooth horizontal surface, with speed 6 m s-1, towards a fixed vertical wall.  The coefficient of restitution in the collision between the sphere and the wall is e.

a	Find an expression for the kinetic energy lost in this collision with the wall, E1. 	(2 marks)

After the collision with the wall the sphere travels towards another sphere of mass 
4 kg, which is initially stationary.  The coefficient of restitution when these two spheres collide is also e.

b	Show that the kinetic energy lost in this further collision, E2, is given by:

E2 = 24 e2 (1 – e2) 	(6 marks)

The total loss in kinetic energy from both collisions is known to be 16 joules.

c	Find the value of e correct to three decimal places.	(3 marks)






4	Three particles, A, B and C, lie at rest in a straight line on a perfectly smooth horizontal plane. B lies between A and C.  The particles A, B and C have masses in kilograms of 2 m, 4 m and 6 m respectively.

Particle A is projected towards particle B with constant speed u m s-1. The coefficient of restitution between each pair of particles is e.



a	After the initial collision between A and B, there is a further collision between B and C. Show that the velocity of particle B after this further collision, , is given by:



 	(6 marks)

b	Particles A and B are known to collide for a second time when they are both travelling in the same direction as C. Determine the possible range of values 
for e.	(5 marks)

5	A sphere of mass 1 kg is released from rest at the top of a plane that is inclined at 10o to the horizontal. The plane is 1 metre long and at its bottom end is a buffer that lies at right angles to the plane. This buffer acts as wall against which the sphere will directly collide. The coefficient of restitution between the sphere and the buffer is e. The coefficient of friction between the sphere and the inclined plane is ke2, where k is a constant. The constant of acceleration due to gravity is denoted by g.

[image: C:\Users\McCall_j\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\D61012_Q5a_Sphere Incline.jpg]

a	Show that the total energy lost, L, between the sphere being first released, to the instant directly after its first collision with the buffer is given by the equation,

L = e4 kg cos(10) + (1 – e2) g sin(10) 	(7 marks)

It is known experimentally that L represents 50% of the sphere’s initial energy.

b	Find the maximum possible value for constant, k, correct to three decimal places.	(3 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 3: Elastic collisions in one dimension



[bookmark: _GoBack]1	Two spheres, one of mass 1.5 kg and the other of mass 4.5 kg, are moving towards each other, travelling in the same straight line, with constant speeds of 0.4 m s-1 and 0.1 m s–1 respectively.

a	Marsha predicts that the collision between these two spheres will be perfectly elastic. What velocity does Marsha expect each sphere to have after the collision?	(3 marks)

Marsha now experimentally measures the velocity of each sphere after the collision. Her results show that these velocities are equal in magnitude but opposite in direction.

b	Using Newton’s experimental law, express the velocities of both spheres after the collision, in terms of e, and hence find the value for the coefficient of restitution suggested by Marsha’s experimental results.	(4 marks) 

c	State the range of values for the coefficient of restitution for which these two spheres will always travel in opposite directions after the collision.	(2 marks)

2	A small rubber ball is dropped from a height of h0 metres above a fixed horizontal plane. The ball falls freely under gravity until it collides with the plane’s surface. The ball then rebounds vertically upwards.

a	If e is the coefficient of restitution between the ball and the plane, show that the greatest height achieved by the ball after first bouncing, h1, is given by:

h1 = e2 h0	(4 marks)

b	Deduce an expression for the height reached after n bounces, hn, in terms of e and h0.	(2 marks)

c	The maximum height achieved by the ball after six bounces is half of the maximum height achieved by the ball after two bounces. Find e, correct to three decimal places, and thus comment on the elasticity of the collisions.	(3 marks)

3	A sphere of mass 2 kg is moving on a smooth horizontal surface, with speed 6 m s-1, towards a fixed vertical wall.  The coefficient of restitution in the collision between the sphere and the wall is e.

a	Find an expression for the kinetic energy lost in this collision with the wall, E1. 	(2 marks)

After the collision with the wall the sphere travels towards another sphere of mass 
4 kg, which is initially stationary.  The coefficient of restitution when these two spheres collide is also e.

b	Show that the kinetic energy lost in this further collision, E2, is given by:

E2 = 24 e2 (1 – e2) 	(6 marks)

The total loss in kinetic energy from both collisions is known to be 16 joules.

c	Find the value of e correct to three decimal places.	(3 marks)






4	Three particles, A, B and C, lie at rest in a straight line on a perfectly smooth horizontal plane. B lies between A and C.  The particles A, B and C have masses in kilograms of 2 m, 4 m and 6 m respectively.

Particle A is projected towards particle B with constant speed u m s-1. The coefficient of restitution between each pair of particles is e.



a	After the initial collision between A and B, there is a further collision between B and C. Show that the velocity of particle B after this further collision, , is given by:



 	(6 marks)

b	Particles A and B are known to collide for a second time when they are both travelling in the same direction as C. Determine the possible range of values 
for e.	(5 marks)

5	A sphere of mass 1 kg is released from rest at the top of a plane that is inclined at 10o to the horizontal. The plane is 1 metre long and at its bottom end is a buffer that lies at right angles to the plane. This buffer acts as wall against which the sphere will directly collide. The coefficient of restitution between the sphere and the buffer is e. The coefficient of friction between the sphere and the inclined plane is ke2, where k is a constant. The constant of acceleration due to gravity is denoted by g.

[image: C:\Users\McCall_j\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\D61012_Q5a_Sphere Incline.jpg]

a	Show that the total energy lost, L, between the sphere being first released, to the instant directly after its first collision with the buffer is given by the equation,

L = e4 kg cos(10) + (1 – e2) g sin(10) 	(7 marks)

It is known experimentally that L represents 50% of the sphere’s initial energy.

b	Find the maximum possible value for constant, k, correct to three decimal places.	(3 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 2 Unit Test 4: Motion in a circle (part 2)

1	In this question assume the acceleration due to gravity g = 9.8 m s–2. A particle P of mass 2 kg is attached to one end of a light, inextensible string, 0.5 metres long.

The other end of the string is attached to a fixed point, C.

When at rest, the particle hangs freely, vertically below C.

The particle is given an initial horizontal velocity u m s–1 and begins to move in a vertical circle, anticlockwise, with the string initially remaining taut.

After the string CP has rotated through an angle of 100 degrees, the string becomes slack.

a	Find the initial speed, u, to 2 significant figures.	(6 marks)

b	Determine the time taken for the particle to fall to a point where it is level with C, after the string first becomes slack.	(6 marks)



[bookmark: _GoBack]2	A child’s toy involves releasing a sphere, of mass m kilograms, from the top of a smooth, straight, chute 2 metres long, which makes an angle of o to the horizontal ground.

At the end of the chute the sphere immediately enters the very bottom of a smooth track in the shape of a vertical circle of radius 15 cm. It is assumed that no energy is lost as the sphere enters the chute.

Figure 2





Seema is playing with the toy. 

She releases a sphere, initially at rest at the top of the chute, and, after travelling down the chute, it makes a full rotation around the inside of the circular track.

a	By considering only energy, explain why sinθ > 0.15 in this case.	(3 marks)

Seema adjusts the slope so that sinθ = 0.13 and removes the first sphere from the track. She now launches the sphere down the chute, from the top, with an initial speed of 50 cm s–1.

b	Explain, using an energy argument again, whether the sphere will complete a full rotation around the inside of the same track.	(3 marks)

Finally, Seema resets the chute again, so that sinθ = 0.95, and again clears the track. Due to the inequality in part a, she expects the sphere to easily complete a full rotation, when she releases it from rest from the top of the chute, but it does not.

c	Explain the flawed assumption causing the inequality to fail in this case and suggest a limiting value for sinθ.	(2 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 2 Unit Test 4: Motion in a circle (part 2)

1	In this question assume the acceleration due to gravity g = 9.8 m s–2. A particle P of mass 2 kg is attached to one end of a light, inextensible string, 0.5 metres long.

The other end of the string is attached to a fixed point, C.

When at rest, the particle hangs freely, vertically below C.

The particle is given an initial horizontal velocity u m s–1 and begins to move in a vertical circle, anticlockwise, with the string initially remaining taut.

After the string CP has rotated through an angle of 100 degrees, the string becomes slack.

a	Find the initial speed, u, to 2 significant figures.	(6 marks)

b	Determine the time taken for the particle to fall to a point where it is level with C, after the string first becomes slack.	(6 marks)



[bookmark: _GoBack]2	A child’s toy involves releasing a sphere, of mass m kilograms, from the top of a smooth, straight, chute 2 metres long, which makes an angle of o to the horizontal ground.

At the end of the chute the sphere immediately enters the very bottom of a smooth track in the shape of a vertical circle of radius 15 cm. It is assumed that no energy is lost as the sphere enters the chute.

Figure 2





Seema is playing with the toy. 

She releases a sphere, initially at rest at the top of the chute, and, after travelling down the chute, it makes a full rotation around the inside of the circular track.

a	By considering only energy, explain why sinθ > 0.15 in this case.	(3 marks)

Seema adjusts the slope so that sinθ = 0.13 and removes the first sphere from the track. She now launches the sphere down the chute, from the top, with an initial speed of 50 cm s–1.

b	Explain, using an energy argument again, whether the sphere will complete a full rotation around the inside of the same track.	(3 marks)

Finally, Seema resets the chute again, so that sinθ = 0.95, and again clears the track. Due to the inequality in part a, she expects the sphere to easily complete a full rotation, when she releases it from rest from the top of the chute, but it does not.

c	Explain the flawed assumption causing the inequality to fail in this case and suggest a limiting value for sinθ.	(2 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 5: Elastic strings and springs and elastic energy

[bookmark: _GoBack]1	A light elastic spring of natural length 3 m and modulus of elasticity 25 N has one end attached to a fixed point A

A particle P of mass 0.5 kg is attached to the other end of the spring and hangs in equilibrium at a point B, vertically below A

a	Find the distance AB	(3 marks)



[bookmark: MTBlankEqn]Another perfectly light elastic spring with natural length a metres and modulus of elasticity  newtons is attached to a fixed point C. A particle Q of mass 0.5 kg is attached to the other end and hangs in equilibrium at a point D, vertically below C

Given that the distance CD = 2a metres,



b	find the value of the modulus of elasticity, 	(2 marks)

2	

[image: ]

A particle P of mass 4 kg is attached to one end of a light elastic string of natural length 0.8 m, and modulus of elasticity 80 N. The other end of the string is attached to a fixed point O



The particle is held in equilibrium by a horizontal force of magnitude 45 N, with OP making an angle  with the vertical. This force acts in the vertical plane containing the string, as shown in the diagram above.

Find



a	i	the size of the angle , in degrees to 1 decimal place.	(3 marks)

ii	the tension in the string.	(2 marks)

b	the length OP	(3 marks)






3	

[image: ]









A particle P of mass m is attached to two light elastic springs,  and , whose ends are attached to fixed points, A and B, which are 0.9 m apart.  has modulus of elasticity 12 N and natural length 0.3 m.  has modulus of elasticity 24 N and natural length 0.4 m. The particle P is resting in equilibrium on a smooth horizontal surface.

a	Find the distance AP	(4 marks)



b	In a refined model for this system, the modulus of elasticity for  is decreased.

State, with a reason, how this would affect the equilibrium position of particle P	(2 mark)

4	A child’s toy consists of a small bird attached to a spring. The spring is attached to a ceiling at a point A, and the bird hangs in equilibrium vertically below A. The bird can be modelled as a particle P of mass m kg attached to a light elastic spring of natural length 0.5 m and modulus of elasticity 6N.

a	Given that the distance AP is 0.745 m, show that the bird has mass 0.3 kg.	(3 marks)

The particle is now raised to point C vertically below A, where AC = 0.4 m, and released from rest.

b	Using the conservation of energy principle, find the greatest distance below A reached by the bird.	(5 marks)






5	

[image: ]





A particle P of mass m is attached to one end of a light elastic string of natural length l and modulus of elasticity 4 mg. The other end of the string is fixed at a point O on a rough horizontal table. The particle is projected along the surface of the table from O with speed . At its furthest point from O the particle is at the point A, where OA = 

a	Find, in terms of m, g and l, the elastic energy stored in the string when P is at A 	(3 marks)

b	Using the work-energy principle, or otherwise, find the coefficient of friction between P and the table.	(6 marks)






6	

[image: ]







A particle P of mass m lies on a smooth inclined plane at an angle  to the horizontal, where  The particle is attached to one end of a light elastic string of natural length a and modulus of elasticity 3 mg. The other end of the string is attached to a fixed point O on the plane. The particle P is in equilibrium at the point A on the plane and the extension of the string is 

The particle P is now projected from A down a line of greatest slope of the plane with speed V



It comes to instantaneous rest after moving a distance 

By using the principle of conservation of energy,

a	find V in terms of a and g	(6 marks)

The particle is now pulled down to a point B, where OB is 2a, and released from rest.

b	Find, in terms of a and g, the speed of P when the string first becomes slack.	(4 marks)



To refine the model the slope is now modelled as a rough inclined plane. The coefficient of friction between the particle and the plane is 



The particle is projected with speed W from the point A down a line of greatest slope of the plane. It comes to instantaneous rest after moving a distance 

[bookmark: EOF]c	Use the work-energy principle to find W in terms of a and g	(4 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 5: Elastic strings and springs and elastic energy

[bookmark: _GoBack]1	A light elastic spring of natural length 3 m and modulus of elasticity 25 N has one end attached to a fixed point A

A particle P of mass 0.5 kg is attached to the other end of the spring and hangs in equilibrium at a point B, vertically below A

a	Find the distance AB	(3 marks)



[bookmark: MTBlankEqn]Another perfectly light elastic spring with natural length a metres and modulus of elasticity  newtons is attached to a fixed point C. A particle Q of mass 0.5 kg is attached to the other end and hangs in equilibrium at a point D, vertically below C

Given that the distance CD = 2a metres,



b	find the value of the modulus of elasticity, 	(2 marks)

2	

[image: ]

A particle P of mass 4 kg is attached to one end of a light elastic string of natural length 0.8 m, and modulus of elasticity 80 N. The other end of the string is attached to a fixed point O



The particle is held in equilibrium by a horizontal force of magnitude 45 N, with OP making an angle  with the vertical. This force acts in the vertical plane containing the string, as shown in the diagram above.

Find



a	i	the size of the angle , in degrees to 1 decimal place.	(3 marks)

ii	the tension in the string.	(2 marks)

b	the length OP	(3 marks)






3	

[image: ]









A particle P of mass m is attached to two light elastic springs,  and , whose ends are attached to fixed points, A and B, which are 0.9 m apart.  has modulus of elasticity 12 N and natural length 0.3 m.  has modulus of elasticity 24 N and natural length 0.4 m. The particle P is resting in equilibrium on a smooth horizontal surface.

a	Find the distance AP	(4 marks)



b	In a refined model for this system, the modulus of elasticity for  is decreased.

State, with a reason, how this would affect the equilibrium position of particle P	(2 mark)

4	A child’s toy consists of a small bird attached to a spring. The spring is attached to a ceiling at a point A, and the bird hangs in equilibrium vertically below A. The bird can be modelled as a particle P of mass m kg attached to a light elastic spring of natural length 0.5 m and modulus of elasticity 6N.

a	Given that the distance AP is 0.745 m, show that the bird has mass 0.3 kg.	(3 marks)

The particle is now raised to point C vertically below A, where AC = 0.4 m, and released from rest.

b	Using the conservation of energy principle, find the greatest distance below A reached by the bird.	(5 marks)






5	

[image: ]





A particle P of mass m is attached to one end of a light elastic string of natural length l and modulus of elasticity 4 mg. The other end of the string is fixed at a point O on a rough horizontal table. The particle is projected along the surface of the table from O with speed . At its furthest point from O the particle is at the point A, where OA = 

a	Find, in terms of m, g and l, the elastic energy stored in the string when P is at A 	(3 marks)

b	Using the work-energy principle, or otherwise, find the coefficient of friction between P and the table.	(6 marks)






6	

[image: ]







A particle P of mass m lies on a smooth inclined plane at an angle  to the horizontal, where  The particle is attached to one end of a light elastic string of natural length a and modulus of elasticity 3 mg. The other end of the string is attached to a fixed point O on the plane. The particle P is in equilibrium at the point A on the plane and the extension of the string is 

The particle P is now projected from A down a line of greatest slope of the plane with speed V



It comes to instantaneous rest after moving a distance 

By using the principle of conservation of energy,

a	find V in terms of a and g	(6 marks)

The particle is now pulled down to a point B, where OB is 2a, and released from rest.

b	Find, in terms of a and g, the speed of P when the string first becomes slack.	(4 marks)



To refine the model the slope is now modelled as a rough inclined plane. The coefficient of friction between the particle and the plane is 



The particle is projected with speed W from the point A down a line of greatest slope of the plane. It comes to instantaneous rest after moving a distance 

[bookmark: EOF]c	Use the work-energy principle to find W in terms of a and g	(4 marks)
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[image: AssPack_HEADER_BLANK_portrait]Further Mechanics 1 Unit Test 6: Elastic collisions in two dimensions

[bookmark: _GoBack]1	A small smooth ball of mass m kg is dropped from a point above a smooth inclined plane. The ball falls freely under gravity until it hits the plane.

The plane is inclined at 30o to the horizontal as shown in the diagram below.

[image: ]

The coefficient of restitution between the ball and the plane is e

It is known that the kinetic energy of the ball immediately before impact and the kinetic energy of the ball immediately after impact are in the ratio 12:7 respectively.

Find the value of e	(6 marks)

2	A small smooth sphere of mass 0.2 kg is moving with velocity (7i + 10j) m s-1 when it collides with a smooth wall.

The sphere rebounds from the wall with velocity (2i – 2j) m s-1

a	i	Find the magnitude of the impulse received by the sphere.	(3 marks)

ii	Express the direction of this impulse as a unit vector.	(2 marks)

b	Find the coefficient of restitution between the sphere and the wall.	(5 marks)






3	A smooth uniform sphere P of mass 3m kg collides obliquely with a smooth uniform sphere Q of mass 5m kg.

Both spheres have equal radii.





Immediately before the collision P is moving with a speed of 4 m s-1 in a direction at an angle of  to the line of centres of the two spheres and Q is moving with a speed of 2 m s-1 in a direction at an angle of  to the line of centres, as shown in the diagram below.

[image: ]





It is known that  and  and the coefficient of restitution between the spheres is 0.52

a	Given that 3 joules of kinetic energy is lost in the collision find, correct to 3 significant figures, the value of m	(8 marks)

b	Find the magnitude of the impulse exerted by Q on P	(3 marks)






4	Two infinitely long, smooth vertical walls, A and B, are fixed on a smooth horizontal surface and intersect at an angle of 135o. A smooth sphere of mass 0.25 kg is projected across the surface towards wall A with a speed of 3 m s-1 and at an angle of 60o to wall A, as shown in the diagram below. 

[image: N:\GQ Assessment\Progression Tests\Maths\A Level Maths\Year 2\Spring 1\PEAMa_FM15 Elastic Collisions in Two Dimensions\1. 1st draft\Artwork\D61013_Q4_Wall A, Angled Wall B.jpg]

The coefficient of restitution between the sphere and each of the walls is denoted by e

After its initial collision with wall A the ball is known to rebound and collide, at some point, with wall B



a	Show that the range of possible values for e is given by 	(3 marks)



The exact value of e is found to be 

b	After colliding with wall B the direction of motion of the sphere makes an angle  ° with wall B. Find the value of 	(3 marks)

c	Find the overall kinetic energy lost due to the two collisions.	(6 marks)






5	A smooth uniform sphere, N, lies at rest on a horizontal smooth surface of ice, and the sphere lies a fixed distance from a long, smooth vertical wall. An identical second sphere, M, is projected with speed 2u in a straight line, on the same surface, so that it slides freely towards N in a direction which is parallel to the wall. M collides obliquely with N such that the line of centres of the two spheres at the point of contact makes an angle of 60o to the wall, as shown in the diagram below.

[image: ]

The coefficient of restitution between the two spheres is e

After N collides with the wall, the direction of motion of N is parallel to the direction of motion of M after the collision between the two spheres.

[bookmark: MTBlankEqn]Show that the coefficient of restitution, E, between N and the wall is given by the expression:





[bookmark: EOF]			(12 marks)

2

@ Pearson Education Ltd 2014. Copying permitted for purchasing institution only. This material is not copyright free.

2

[image: 2018-02-12]© Pearson Education Ltd 2018. Copying permitted for purchasing institution only. This material is not copyright free.

image3.wmf

b




oleObject2.bin



image4.jpeg







image5.wmf

33


sin


65


a


=




oleObject3.bin



image6.wmf

63


sin 


65


b


=




oleObject4.bin



image7.jpeg

3ms”

Wall B
@0\ 1359

Wall 4






image8.wmf

1


0  


3


e


<<




oleObject5.bin



image9.wmf

1


3


e


=




oleObject6.bin



image10.emf

 


M  


N  




image11.wmf

1


7


e


E


e


+


=


-




oleObject7.bin



image1.jpeg







image2.wmf

a




oleObject1.bin



image12.jpeg

lll///II/I///II/IIlI//I///I////I/I///I/I/////I//ﬂ







image13.png

Pearson Edexcel AS and A level Further Mathematics








