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The contents of this study and revision guide are designed to guide you through to success in the Applied Mathematics component of the WJEC Mathematics for A2 level: Applied examination. It has been written by an experienced author and teacher and edited by a senior subject expert. This book has been written speciically for the WJEC A2 course you are taking and includes everything you need to know to perform well in your exams.


Knowledge and Understanding


119


Introduction


In this topic you will be learning about Newton’s laws of motion and howthey can be applied to problems where several forces act. You will also come across frictional forces, which until now we have regarded as negligible as the surfaces touching have been smooth. You will look at the systems you looked at in AS except now the systems are more complex with the introduction of frictional forces and sometimes the particles being considered are moving or in equilibrium on a slope.


istopic covers the following:7.1 Newton’s laws of motion


7.2 Motion on an inclined plane


7.3 Friction and the laws of friction


7.4 Limiting friction and the coefﬁ cient of friction




Topics start with a short list of the material covered in the topic and each topic will give the underpinning knowledge and skills you need to perform well in your exams.


The knowledge section is kept fairly short leaving plenty of space for detailed explanation of examples. Pointers will be given to the theory, examples and questions that will help you understand the thinking behind the steps. You will also be given detailed advice when it is needed.


The following features are included in the knowledge and understanding sections:


• Grade boosts – are tips to help you achieve your best grade by avoiding certain pitfalls which can let students down.
















[image: background image]



How to use this book


6


• Step by steps – are included to help you answer questions that do not guide you bit by bit towards the inal answer (called unstructured questions). In the past you would be guided to the inal answer by the question being structured. For example, there may have been parts (a), (b), (c) and (d). Now you can get questions which ask you to go to the answer to part (d) on your own. You have to work out for yourself the steps (a), (b) and (c) you would need to take to arrive at the inal answer. The ‘step by steps’ help teach you to look carefully at the question to analyse what steps need to be completed in order to arrive at the answer.


• Active learning – are short tasks which you carry out on your own which aid understanding of a topic or help with revision.


• Summaries – are provided for each topic and present the formulae and the main points in a topic. They can be used for quick reference or help with your revision.


Exam Practice and Technique


Helping you understand how to answer examination questions lies at the heart of this book. This means that we have included questions throughout the book that will build up your skills and knowledge until you are at a stage to answer full exam questions on your own. Examples are included; some of which are full examination style questions. These are annotated with Pointers and general advice about the knowledge, skills and techniques needed to answer them. 
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How to use this book


There is a Test yourself section where you are encouraged to answer questions on the topic and then compare your answers with the ones given at the back of the book. There are many examination-standard questions in each test yourself that provides questions with commentary so you can see how the question should be answered.


You should, of course, work through complete examination papers as part of your revision process. 


We advise that you look at the WJEC website www.wjec.co.uk where you can download materials such as the speciication and past papers to help you with your studies. From this website you will be able to download the formula booklet that you will use in your examinations. You will also ind specimen papers and mark schemes on the site.


Good luck with your revision.


Stephen Doyle
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WJEC Mathematics For A2 Level Pure & Applied Practice Tests


There is another book which can be used alongside this book. This book provides extra testing on each topic and provides some exam style test papers for you to try. I would strongly recommend that you get a copy of this and use it alongside this book.
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Introduction


You were introduced to probability in the AS course but before starting this topic you should take a look back at the AS Applied book at Topic 3 Probability on pages 55 to 68.


In the AS, you looked at the probability of independent events, which meant that the probability of a ﬁrst event occurring did not inﬂuence the probability of a second event occurring. Such events are called independent events. In manycases the probability of the second event occurring is dependent on whether or not the ﬁrst event occurs and suchevents are called dependent events and the probability of the events occurring is called conditional probability. 


This topic looks at the probability of dependent events and the various methods of ﬁ nding their probability.


is topic covers the following:


1.1 Using tree diagrams for conditional probability


1.2 The conditional probability formula


1.3 Use of Venn diagrams for conditional probability


1.4 Use of two-way tables for conditional probability


1.5 Modelling with probability
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1.1 Using tree diagrams for conditional probability


You came across tree diagrams in your GCSE studies. Tree diagrams are diagrams used to represent the probabilities of combined events. Each path (which is a branch of the tree) corresponds to a certain sequence of events. By multiplying the probabilities of the separate events along the path you can work out the probability of a particular sequence of events. If the required probability involves several paths, the probabilities of each path are found and then added together to give the required probability.


Tree diagrams for conditional probability


Conditional probability is the probability of an event occurring given that another event has occurred.


Suppose you have a bag containing 6 red and 4 black balls and one ball is picked at random and its colour noted and kept out of the bag. Another ball is picked at random and its colour noted. We can draw the following tree diagram to show the probabilities:


Notice that on the secondpick the probability haschanged depending on whatcolour ball was removed


Red


Black


P(Red) = 10


 


P(Black) = 10


6


4


 P(Red) = 9


 


P(Black) = 9


5


4


 P(Red) = 9


 


P(Black) = 9


6


3


Red


Black


Red


Black


If the irst ball had been put back into the bag ready for picking the second ball, the probabilities would have been the same as the irst pick. 


In the situation shown by the tree diagram, the probability of obtaining each colour has changed depending on what colour ball was removed in the irst pick. Hence, this is conditional probability.


For example, if you wanted the probability that the irst ball was black and the second ball was red you multiply the probabilities along the path like this


 P(black and then red) = P(black) × P(red given irst ball was black)


We can write this using the following shorthand notation


 P(


B ∩ R) = P(B) × P(R|B)


 = 


410 × 


69


 = 


415


Suppose there are two events A and B. The probability of B occurring given that A has already occurred is written as P(B|A). For short, we can say that P(B|A) is the probability of B given A. 


Note that P(B∩R) is the probability of obtaining a black and then a red ball, P(R|B), is the probability of obtaining a red ball given that a black had been obtained from the irst pick.
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Conditional probabilities can be shown using the following tree diagram:


A


A


P(A) 


P(A) 


P(B|A) 


P(B|A) 


P(B|A) 


P(B|A) 


B


 


B


B 


B


The probability of A and B both occurring is given by 


 


This is an important law and is called the multiplication law for dependent events.  


By using the above tree diagram, we have the following results:


 P(


A ∩ B′ ) = P(A) × P(B′ |A)


 P(


A′ ∩ B) = P(A’ ) × P(B |A′ )


 P(


A′ ∩ B′ ) = P(A′ ) × P(B′ |A′ )


Notice the way any of these formulae can be produced using the formula given in the formula booklet (i.e. P(A ∩ B) = P(A) × P(B|A) simply by changing A to A′ or B to B′ or both A and B to A′ and B′ ).


We can also have


 P(


A ∩ B) = P(B) × P(A|B)


1.2  econditional probability formula


The multiplication law for dependent events is


 


and also, 


Examples


1 Two events A and B occur such that P(A′ ) = 0.6, P(B |A) = 0.7, P(B |A′ ) = 0.4 .(a) Copy and complete the tree diagram shown below to illustrate the above information.


A


A


0.6 


B


B


B 


B


Notice from the tree diagram that 


P(B|A) + P(B′|A) = 1and P(B|A′) + P(B′|A′) = 1as the total probability for a branch has to equal one.


This formula is included in the formula booklet and need not be remembered.


These equations can be found by following the various sets of branches for the above tree diagram.


This is not included in the formula booklet. Notice the way the A and B are swappedaround on the right-hand side of the formula.
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(b) Using your tree diagram, ind:


(i) P(A ∩ B)


(ii) P(A′ ∩ B′ )


(iii) P(B′ |A)


Answer


1 (a)


A


A


P(A) = 0.4 


P(A) = 0.6 


P(B|A) = 0.7


P(B|A) = 0.3 


P(B|A) = 0.4 


P(B|A) = 0.6 


B 


B


B 


B


(b) (i) P(A ∩ B) = P(A) × P(B|A) = 0.4 × 0.7 = 0.28


(ii) P(A′ ∩ B′ ) = P(A′ ) × P(B′ |A′ ) = 0.6 × 0.6 = 0.36


(iii) P(B′ |A) = 0.3


2 Two events A and B occur such that P(B|A) = 0.55, P(B |A′ ) = 0.5 and P(A) = 0.65


(a) Draw a tree diagram to represent this information.


(b) Find the following probabilities


(i) P(A ∩ B)


(ii) P(B)


(iii) P(A|B)


Answer


2 (a)


A


A


P(A) = 0.65 


P(A) = 0.35 


P(B|A) = 0.55


P(B|A) = 0.45 


P(B|A) = 0.5 


P(B|A) = 0.5 


B


 


B


B


 


B


It is a good idea to write the probability in full rather than just the number on each of the branches, e.g. rather than write 0.4 on the branch for A, you would write P(A) = 0.4. It takes a bit longer but is helpful when you have to work out probabilities.


BOOST


GGraddde⇪⇪⇪⇪
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(b) (i) P(A ∩ B) = P(A) × P(B|A) 


 


 


= 0.65 × 0.55


 


 


= 0.3575


(ii) P(B) = P(A) × P(B|A) + P(A′ ) × P(B|A′ ) 


 


 


= 0.65 × 0.55 + 0.35 × 0.5


 


 


= 0.5325


(iii) P(A|B) = 


PA ∩ BPB


 


  


=


 0.35750.5325


 


 


 


= 0.6714


3 When Ahmed travels to college by car, the probability of him being late is 0.2. If he does not travel by car, the probability of him being late is 0.3.


 


The probability of him travelling by car is 0.4.


 


Find the probability that Ahmed is late.


Answer


3 Let C = event that Ahmed travels by car.


 


 


L = event that Ahmed is late.


C


C


P(C) = 0.4 


P(C) = 0.6 


P(L|C) = 0.2


P(L|C) = 0.8 


P(L|C) = 0.3 


P(L|C) = 0.7 


L


 


L


L


 


L


 


Notice there are two paths that represent Ahmed being late.


 


P(L) = P(C ∩ L) + P(C′ ∩ L)


 


 


= P(C ) × P(L|C ) + P(C′ ) × P(L|C′ )


 


 


= 0.4 × 0.2 + 0.6 × 0.3


 


 


= 0.26


Note that there are two paths giving the probability that B occurs.


It is easier to deine the meaning of the letters you are using irst and then only use these letters on the tree diagram. The probabilities will then be expressed in the same way as that used in any of the formulae.


BOOST


Grade⇪⇪⇪⇪








[image: background image]



1 Probability


14


4 Jack is taking part in a quiz programme. For each question in the quiz, four alternative answers are given, only one of which is correct. Jack has probability 0.6 of knowing the correct answer to a question, and when he does not know the correct answer, he chooses one of the four answers at random.


(a) Calculate the probability that Jack gives the correct answer to a question. 


(b) Given that Jack gave the correct answer to a question, ind the probability that he knew the correct answer. 


Answer4 (a) Let K = event knowing the correct answer


 


 


A = event giving the correct answer


K


K


P(K) = 0.6 


P(K) = 0.4 


P(A|K) = 1


P(A|K) = 0.25 


P(A|K) = 0.75 


A


A


 


A


 


P(giving correct answer) = (0.6 × 1) + (0.4 × 0.25)


 


 


= 0.7


(b) P(knew correct answer|gave the correct answer)


 


= Pknew the correct answerP(gave correct answer) = 


0.60.7 = 0.857(correct to 3 d.p.)


Determining whether two events are independent or not


Suppose we have two events A and B and we want to ind out if they are independent events (i.e. the occurrence of one event has no inluence on the other event occurring) or dependent events, we can use the method shown here.


If the two events are independent, then the multiplication law for independent events is true, so:


 P(


A ∩ B) = P(A) × P(B)


The generalised addition law, shown below, can be used for dependent or independent events.


 P(


A ∩ B) = P(A) + P(B) − P(A ∪ B)


Hence if you found the value of P(A ∩ B) using the generalised addition law and the value was not the same as that found using the multiplication law, then the events A and B are dependent.


It is always advisable to drawa tree diagram unless the number of branches makes it too dificult to draw.  


 


Notice that once Jack knows the correct answer, the probability then of him giving the correct answer is 1.


There are two paths to consider on the tree diagram.
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If the values for P(A ∩ B) obtained using both formulae are the same, then events Aand B must be independent.


 


The following examples show this method.


Examples


1 If two events A and B occur such that P(A) = 0.4 and P(B) = 0.8 and P(A ∩ B) = 0.32, determine whether or not these two events are independent.


Answer


1 If the events are independent, then P(A ∩ B) = P(A) × P(B).


 


We can enter the values for the probabilities of A and B respectively and then compare the value of P(A ∩ B) calculated with the value in the question. If they are the same, then A and B are independent events.


 


P(A ∩ B) = P(A) × P(B)


 


 


= 0.4 × 0.8


 


 


= 0.32


 


This value is the same as the value in the question which means A and B are independent events.


2 Two events A and B are such that P(A) = 0.2, P(B) = 0.6 and P(A ∪ B) = 0.4. Decide whether events A and B are dependent or independent events.


Answer


2 The generalised addition law that links the probability of the intersection (A ∩ B) with the probability of the union (A ∪ B) can be used here.


 


PA ∩ B = PA + PB − PA ∪ B


 


 


= 0.2 + 0.6 − 0.4 


 


 


= 0.4


 


If the events A and B are independent, the probability of both A and B occurring is found by multiplying P(A) and P(B) together.


 


So if the events are independent PA ∩ B = P(A) × P(B)


 


 = 0.2 × 0.6


 


 = 0.12


 


Now 0.4 ≠ 0.12 so the events A and B are not independent. A and B are therefore dependent events.


3 In a certain country, 80% of the defendants being tried in the Law Courts actually committed the crime. For those who committed the crime, the probability of being found guilty is 0.9. For those who did not commit the crime, the probability of being found guilty is 0.05.


(a) Find the probability that a randomly chosen defendant is found guilty. 


(b) Given that a randomly chosen defendant is found guilty, ind the probability that this defendant committed the crime.


P(A ∩ B) is the probability of A and B occurring. The generalised addition law is included in the formula booklet.


Note if the events A and B were independent events, the two probabilities worked out would have been equal.
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