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Questions

Q1. 
The discrete random variable X has probability distribution

(a) Show that p = 0.2
(2)
Find
(b) E(X)
(2)
(c) F(0)
(1)
(d) P(3X + 2 > 5)
(2)
Given that Var(X) = 13.35
(e) find the possible values of a such that Var(aX + 3) = 53.4
(2)
(Total 9 marks)


Q2. 
A discrete random variable X has the probability function
P(X = x) = 

(a)  Show that k =  
(3)
(b)  Find E(X)
(2)

(c)  Show that E(X2) = 
(2)
(d)  Find Var(1 − 3X) 
(3)
(Total 10 marks)

Q3. 
The discrete random variable X has the following probability distribution, where p and q are constants.

(a)  Write down an equation in p and q
(1)
Given that E(X) = 0.4
(b)  find the value of q
(3)
(c)  hence find the value of p
(2)
Given also that E(X2) = 2.275
(d)  find Var(X)
(2)
Sarah and Rebecca play a game.
A computer selects a single value of X using the probability distribution above.

Sarah's score is given by the random variable S = X and Rebecca's score is given by the 
random variable 
(e)  Find E(R)
(3)
Sarah and Rebecca work out their scores and the person with the higher score is the winner. If the scores are the same, the game is a draw.
(f)  Find the probability that
(i)  Sarah is the winner,
(ii)  Rebecca is the winner.
(4)
(Total for question = 15 marks)



Q4. 
The discrete random variable X has probability distribution
P(X = x) = 1⁄10     x = 1, 2, 3, ... 10
(a) Write down the name given to this distribution.
(1)
(b) Write down the value of
(i) P(X = 10)
(ii) P(X < 10)
(2)
The continuous random variable Y has the normal distribution N(10, 22)
(c) Write down the value of
(i) P(Y = 10)
(ii) P(Y < 10)
(2)
(Total 5 marks)


Q5. 
The discrete random variable X takes the values 1, 2 and 3 and has cumulative distribution function F(x) given by

(a)  Find the probability distribution of X.
(3)
(b)  Write down the value of F(1.8).
(1)
(Total 4 marks)



Q6. 
The discrete random variable X can take only the values 1, 2 and 3. For these values the cumulative distribution function is defined by

F (x) =         x = 1,2, 3
(a) Show that k = 13
(2)
(b) Find the probability distribution of X.
(4)

Given that Var(X) = 
(c) find the exact value of Var(4X − 5).
(2)
(Total 8 marks)


Q7. 
The discrete random variable X can take only the values 2, 3, 4 or 6. For these values the probability distribution function is given by

where k is a positive integer.
(a) Show that k = 3
(2)
Find
(b) F(3)
(1)
(c) E(X)
(2)
(d) E(X2)
(2)
(e) Var(7X − 5)
(4)
 
(Total 11 marks)

Q8. 
The discrete random variable Y has probability distribution

where a, b and c are constants.
The cumulative distribution function F(y) of Y is given in the following table

where d is a constant.
(a)  Find the value of a, the value of b, the value of c and the value of d.
(5)
(b)  Find P(3Y + 2 ≥ 8).
(2)
(Total 7 marks)


Q9. 
The discrete random variable X has probability distribution given by

where a is a constant.
(a)  Find the value of a.
(2)
(b)  Write down E( X ).
(1)
(c)  Find Var( X ).
(3)
The random variable Y = 6 − 2X
(d)  Find Var(Y).
(2)
(e)  Calculate P(X ≥ Y).
(3)
(Total 11 marks)

Q10. 
The discrete random variable X has probability distribution

The cumulative distribution function of X is given by

(a)  Find the values of a, b, c, d and e.
(5)
(b)  Write down the value of P(X2 = 1).
(1)
(Total 6 marks)



Q11. 
In a quiz, a team gains 10 points for every question it answers correctly and loses 5 points for every question it does not answer correctly. The probability of answering a question correctly is 0.6 for each question. One round of the quiz consists of 3 questions.
The discrete random variable X represents the total number of points scored in one round. 
The table shows the incomplete probability distribution of X

(a)  Show that the probability of scoring 15 points in a round is 0.432
(2)
(b)  Find the probability of scoring 0 points in a round.
(1)
(c)  Find the probability of scoring a total of 30 points in 2 rounds.
(3)
(d)  Find E(X)
(2)
(e)  Find Var(X)
(3)
In a bonus round of 3 questions, a team gains 20 points for every question it answers 
correctly and loses 5 points for every question it does not answer correctly.
(f)  Find the expected number of points scored in the bonus round.
(3)
(Total 14 marks)



Q12. 
The discrete random variable X has the probability function

where k is a constant.

(a) Show that k = 
(2)
(b) Find the exact value of F(5).
(1)
(c) Find the exact value of E(X).
(2)
(d) Find the exact value of E(X2).
(2)
(e) Calculate Var(3 − 4X) giving your answer to 3 significant figures.
(3)
(Total 10 marks)



Q13. 
A biased die with six faces is rolled. The discrete random variable X represents the score on the uppermost face. The probability distribution of X is shown in the table below.

(a)  Given that E(X) = 4.2 find the value of a and the value of b.
(5)
(b)  Show that E(X2) = 20.4
(1)
(c)  Find Var(5 − 3X)
(3)
A biased die with five faces is rolled. The discrete random variable Y represents the score which is uppermost. The cumulative distribution function of Y is shown in the table below.

(d)  Find the value of k.
(1)
(e)  Find the probability distribution of Y.
(3)
Each die is rolled once. The scores on the two dice are independent.
(f)  Find the probability that the sum of the two scores equals 2
(2)
(Total 15 marks)



Q14. 
The score, X, for a biased spinner is given by the probability distribution

Find
(a)  E(X)
(2)
(b)  Var(X)
(3)
A biased coin has one face labelled 2 and the other face labelled 5 
The score, Y, when the coin is spun has
P(Y = 5) = p      and      E(Y) = 3

(c)  Form a linear equation in p and show that p = 
(3)
(d)  Write down the probability distribution of Y.
(1)
Sam plays a game with the spinner and the coin. 
Each is spun once and Sam calculates his score, S, as follows
if X = 0    then    S = Y2
if X ≠ 0    then    S = XY

(e)  Show that P(S = 30) = 
(2)
(f)  Find the probability distribution of S.
(3)
(g)  Find E(S).
(2)
Charlotte also plays the game with the spinner and the coin. 
Each is spun once and Charlotte ignores the score on the coin and just uses X2 as her score. 
Sam and Charlotte each play the game a large number of times.
(h)  State, giving a reason, which of Sam and Charlotte should achieve the higher total score.
(2)
(Total for question = 18 marks)



Q15. 
A fair blue die has faces numbered 1, 1, 3, 3, 5 and 5. The random variable B represents the score when the blue die is rolled.
(a) Write down the probability distribution for B.
(2)
(b) State the name of this probability distribution.
(1)
(c) Write down the value of E(B).
(1)
A second die is red and the random variable R represents the score when the red die is rolled.
The probability distribution of R is

(d) Find E(R).
(2)
(e) Find Var(R).
(3)
Tom invites Avisha to play a game with these dice.
Tom spins a fair coin with one side labelled 2 and the other side labelled 5. When Avisha sees the number showing on the coin she then chooses one of the dice and rolls it. If the number showing on the die is greater than the number showing on the coin, Avisha wins, otherwise Tom wins.
Avisha chooses the die which gives her the best chance of winning each time Tom spins the coin.
(f) Find the probability that Avisha wins the game, stating clearly which die she should use in each case.
(4)
(Total 13 marks)



Q16. 
The discrete random variable X has the probability distribution

(a) Show that k = 0.1
(1)
Find
(b) E(X)
(2)
(c) E( X2 )
(2)
(d) Var(2 − 5 X )
(3)
Two independent observations X1 and X2 are made of X.
(e) Show that P(X1 + X2 = 4) = 0.1
(2)
(f) Complete the probability distribution table for X1 + X2
(2)


(g) Find 
(2)
(Total 14 marks)



Q17. 
The score S when a spinner is spun has the following probability distribution.

(a)  Find E(S).
(2)
(b)  Show that E(S2) = 10.4
(2)
(c)  Hence find Var(S).
(2)
(d)  Find
(i) E(5S − 3),
(ii) Var(5S − 3).
(4)
(e)  Find P(5S − 3 > S + 3)
(3)
The spinner is spun twice.
The score from the first spin is S1 and the score from the second spin is S2
The random variables S1 and S2 are independent and the random variable X = S1 × S2
(f)  Show that P(S1 = 1 ∩ X < 5) = 0.16
(2)
(g)  Find P(X < 5).
(3)
(Total 18 marks)



Q18. 
A spinner is designed so that the score S is given by the following probability distribution.

(a)  Find the value of p.
(2)
(b)  Find E(S).
(2)
(c)  Show that E(S2 ) = 9.45
(2)
(d)  Find Var(S).
(2)
Tom and Jess play a game with this spinner. The spinner is spun repeatedly and S counters are awarded on the outcome of each spin. If S is even then Tom receives the counters and if S is odd then Jess receives them. The first player to collect 10 or more counters is the winner.
(e)  Find the probability that Jess wins after 2 spins.
(2)
(f)  Find the probability that Tom wins after exactly 3 spins.
(4)
(g)  Find the probability that Jess wins after exactly 3 spins.
(3)
(Total 17 marks)



Examiner's Report

Q1. 
This proved to be an accessible start to the paper. Most students could clearly show that p = 0.2 and the majority went on to find E(X) correctly. Many students though did not know what to do for F(0) and responses to question (c) were poor. Question (d) had a mixed response, some could simplify the inequality to reach P(X > 1) but were then unable to link this with the correct probabilities from the table but plenty of students were able to secure full marks here. Most students knew the formula for 
Var(aX + 3) but some failed to realise that a = + 2 and just gave the answer 2.


Q2. 
This proved an accessible opening question to the paper. Part (a) was a "show that" and some candidates failed to show sufficient steps. There were two stages required: firstly the probabilities needed evaluating from the given probability function and most managed this successfully. Secondly there should be an explicit application of ∑ P(X = x) =1 and some candidates failed to show this step clearly.
Most knew how to find E(X) in part (b) but some simply added their probabilities and a small minority divided their answer by 4.
Part (c) was another "show that " but most knew what to include here and full marks were often awarded. The use of notation was poor with a large number writing (−12 ) when they actually meant (−1)2 . This was not penalised here but more attention to detail will be required as they progress to more advanced mathematical units.
For the final part most candidates now know the effect of coding on the variance and most realised that they needed first to find Var(X) and then multiply by (−3)2 and many correct solutions were seen.


Q3. 
Most students found the first four parts of this question accessible and appeared to have been well prepared for it. Almost everyone was able to use the sum of the probabilities condition to obtain a first equation in part (a) and there was often a correct expression for E(X) seen too, although sometimes this was set equal to 1 not 0.4
Errors in solving the equations in part (b) sometimes led to negative values for the probabilities of p and q and it is disappointing to see students still using these impossible values in later stages of their working. One would hope that they would realise that an error had been made and then try to correct it.
The variance calculation in part (d) was usually correct with only a small number of students making slips, such as subtracting the mean instead of the mean squared, or dividing by 5.
Part (e) caused problems for a significant number of students. A surprising number did not try listing the probability distribution for R and there were many cases of students trying to use the reciprocals of the probabilities or simply thinking that . 
Part (f) was only answered successfully by the more able students. Some students embarked on a correct approach but failed to correctly identify the cases where Sarah or Rebecca would win, a few forgot that there could be a draw and having found a correct answer to part (i) simply subtracted this from 1 to give their answer to part (ii). A number did not read the question carefully enough and thought that there were two independent values of X being used: some then assumed that all 25 cases were equally likely but others battled through to obtain a correct response to this situation and a special case in the mark scheme enabled them to have some credit.


Q4. 
Some students could not recall the name of the distribution for X with several students calling it the discrete distribution rather than the discrete uniform distribution. The probabilities in question (b) were usually tackled well with only the less able students giving answers of 1 and 9 rather than 0.1 and 0.9. Question (c)(i) was challenging for a few but question (ii) was answered more successfully.


Q5. 
Candidates for S1 often find the Cumulative Distribution Function a challenging topic but there were many fully correct responses seen to part (a) here with the answers simply summarized in a table. A few weaker candidates attempted a calculation for E(X) by finding xF(x). In part (b) a number of candidates interpolated and gave an answer of 0.6 failing to appreciate the nature of a discrete random variable.


Q6. 
Although over 40% of the candidates scored full marks on this question there were a large number who were still confused about the cumulative distribution function F(x). In (a) many used F(1) + F(2) + F(3) = 1 and arrived at k =  and others did not give sufficient working to secure both marks. A "show that" question requires some clear explanation and in this case we needed to see an explicit reference to 
F(3) = 1 as well as the solution of the equation 27 + k = 40. Due to little understanding of the meaning of F(x) many couldn't find the correct probability distribution in (b) but there were plenty of correct answers seen often given in a table.(c) was answered well and the Var (aX + b) formula was known and used correctly by a good number of candidates.


Q7. 
Part (a) was answered well with a large majority setting out the solution as expected. A small number tried to verify the value, but most only did the substitution and did not say that it showed k = 3, thus losing the final accuracy mark.
Part (b) was poorly answered with a large number finding P(3) instead. A small number gave the answer as an inexact decimal instead of a fraction.
Part (c) and part (d) were both well answered with complete methods shown. Only a few candidates confused [E(X)]2 with E(X2) . In part (e) some of those candidates who got E(X2)wrong still got Var(X) right here, as they did not realise the link and started again. Most realised that they needed to find Var(X) but many did not know the link with Var(7X − 5) . Some candidates worked out 7Var(X) − 5 , some 7Var(X) and others 52Var(X) . The result for Var(7X - 5) was often not awarded the final accuracy mark as some candidates had used rounded answers in their working.


Q8. 
The quality of responses to this question varied considerably. Most candidates stated that a = 0.1 and deduced that a + b + c = 0.7 but many were unable to proceed sensibly beyond this point. Some assumed a, b and c were all equal, others had b = 0.2 and c = 0.4 and some tried to consider E(Y) which led to some complicated and unhelpful equations. Finding d produced a number of errors: some confused 
P(Y = y) with F(y) and gave answers of 0.3 or 0.7 whilst others used F(1) + F(2) + P(Y = 3) to obtain 0.9.
Part (b) proved challenging for many. Some solved the inequality to arrive at P(Y ≥ 2) and others created lists of all possible values for 3Y + 2 before deciding which cases to include. Obtaining the answer from this point should have been straightforward but some simply stopped at this point or then found 
P(Y = 1) + P(Y = 2). Some candidates were confusing E(3Y + 2) and P(3Y + 2).

Q9. 
Finding the correct value of a in the first part of the question proved to be relatively straightforward for most candidates. Few errors were seen although some candidates provided very little in the way of working out and did not always make it explicit that they were using the fact that the sum of the probabilities equals one. Similarly, most candidates were able to obtain the correct value of E(X), though not many deduced this fact by recognising the symmetry of the distribution.
The majority opted to use the formula to calculate E(X), which resulted in processing errors in some cases. Common errors seen in calculating Var(X) included forgetting to subtract [E(X)]2 from E(X2) or calculating E(X2) − E(X), although on the whole the correct formula was successfully applied.
Most candidates were able to correctly apply Var(aX + b) = a2Var (X) to deduce Var(Y) = 4Var(X), although Var(Y) = 6 − 2Var(X) was a typical error. Quite a number of candidates attempted to calculate E(Y2) − [E(Y)]2 with varying degrees of success. Occasionally, candidates divided their results in part (b), part (c) and part (d) by 5.
The final part of the question proved to be the most challenging of all and was often either completely omitted or poorly attempted with little or no success. Only a minority of candidates knew they would need to equate 6−2X to X in order to obtain the corresponding values of X and of those who did, only a small number scored full marks, as candidates were generally unable to identify the correct values of X.


Q10. 
This question clearly divided the students into two groups: those who understood the concept of the cumulative distribution function and in particular the difference between P(X = x) and F(x) and those who did not. Nearly 40 % gained full marks here but over 15% scored zero. Part (a) was often fully correct though a common error was to have b =  and c =  but these students often picked up a follow through mark for d and sometimes the mark in part (b) as well.
Part (b) proved quite challenging with 30% of students scoring all the marks in part (a) but then failing to get part (b). The problem seemed to be students not realising that P(X2 = 1) meant P(X = 1 or X = −1 ) and common incorrect answers were  from [P(X = 1)]2 = ()2 or  from P(X = −1)×P(X = 1) rather than P(X = −1)+P(X = 1).


Q11. 
In part (a) many realised that a score of 15 came from getting 2 correct answers and one incorrect answer but they just gave the probability as 0.6 × 0.6 × 0.4 omitting the multiplication by 3. Others thought that the probability of 0.432 came from 2 × 0.216 and scored zero. Most obtained 0.288 in part (b) though usually, though not exclusively, by using the fact that the sum of the probabilities equalled 1. Some students argued in circles, using the given value of 0.432 to find 0.288 and then using their derived value of 0.288 to "find" 0.432, they of course, scored no marks for part (a). Part (c) proved to be quite discriminating. Many could identify some of the required cases and 0.216×0.288 was often seen or sometimes 0.4322 but it was less common to see all 3 cases included. Some attempted to consider the situation as a set of 6 questions but they rarely considered all 6C4 = 15 arrangements. There was some evidence that students were mis-interpreting "a total of 30 points in 2 rounds" to mean "30 points in each of 2 rounds" and giving their answer as simply 0.2162 : they should be encouraged to read and interpret the questions carefully. The methods for part (d) and (e) were well known and many scored well here. A number failed to use brackets carefully and found −152 × 0.064 rather than (−152) × 0.064 but there were fewer cases than sometimes of students forgetting to square the mean before subtracting or thinking that 2 Var(X) = E(X2) in part (e). In the final part most chose to form the distribution of Y = the number of points in a bonus round and hence find E(Y) using the given formula. A common mistake was to have 0 instead of 10 and a few students gave an answer of 35 since this value had the highest probability. A handful of students spotted that Y = X + 10 and were able to write down the answer quite simply but this was very rare.

Q12. 
This was another accessible question with only question (b) being challenging to some.
In question (a) most chose to write down the sum of the probabilities in terms of k and then set this equal to 1 and deduce the value of k . Some chose a "verification" route but often failed to give the final statement "therefore k = 1⁄8" and lost the final mark. Many students still do not recognise the cumulative distribution function F(x) and there were many blank or incorrect responses here. Some confused F(5) with P(X = 5) and gave the answer 0 and others gave 5⁄18. Finding E(X) and E(X2) caused few problems although some students ignored the instruction to give the exact values and rounded their decimal answers.
In question (e) most knew how to find Var (X), although a few forgot to square E(X), and many knew how to deal with the Var(3 − 4X) formula with only some students trying 3 − 4 Var(X).


Q13. 
In part (a) most attempted an equation in a and b based on E(X) and, apart from those who forgot to multiply 6 and 0.3, this was usually correct. Many though failed to write down a second equation based on the sum of the probabilities although this often didn't deter them from "solving" for a and b and often arriving at the correct values although justification for this choice was rarely seen. Those who did obtain 
2 simultaneous equations could usually solve them and a variety of methods were used. Those who had correct values for a and b had few difficulties in establishing the result in (b) and part (c) was answered well too with only a small number trying 5 − 3 Var(X) or 52Var(X). The cumulative distribution function is still not understood very well by many S1 candidates and correct answers to parts (d) and (e) were rare. A common error was to assume the table was a probability distribution, set the sum of the F(y) values equal to 1 and arrive at k = . A number did write P(Y = 1) = 0.1 and occasionally P(Y = 2) = F(2) − F(1) was used too but few achieved fully correct answers. Some candidates continued this process to find P(Y = 3) with their value of k =  and seemed unperturbed by the negative value this gave.
The final part (f) was usually answered well and it is pleasing to see candidates carrying on to the end of a question even when they had encountered difficulties in earlier parts. Some simply added 0.1 and 0.1 and a few insisted on multiplying a correct 0.01 by 2 but the correct answer was often seen.



Q14. 
Although the final part of this question was quite challenging most students were able to get started and most scored at least half marks. Parts (a) and (b) were straightforward and nearly all scored full marks here. A small minority confused E(X2) with Var(X) and some forgot to square the E(X) term when finding the variance. Part (c) should have been straightforward but some students ignored the instruction to form a linear equation in p and simply substituted p =  and q =  into the formula for E(Y) but gained no marks. Some used p + q = 1 and started with two simultaneous equations which made the question a little more complicated than intended.
Part (d) was usually answered correctly but some were incorrectly using a random variable X here. Many were less successful in part (e) because they failed to present a clearly argued "show that" solution. Simply multiplying  ×  was not sufficient. We required some indication that the event S = 30 was achieved when X = 6 and Y = 5 as well as the multiplication of  × . Many students made no attempt at the remainder of the question but those who did could usually make some progress. Those who drew up a distribution table in part (f) usually scored at least the first mark but there were often errors in P(S = 4) or P(S = 25) and sometimes extra values crept in too such as S = 0. Those with a correct table in (f) were usually able to find E(S) correctly although a small number failed to give an exact answer which we always expect for work on discrete random variables. Part (h) was the most difficult part of the question. Many students ignored the fact that Sam and Charlotte play the game a large number of times and compared individual outcomes or the probability of achieving a higher score rather than comparing the expected scores for each. Some did not realise that Charlotte's expected score had already been calculated in part (b) and found E(X2) again, sometimes incorrectly this time, and others thought they should compare E(S) with [E(X)]2 but a very competent 10% of the students gave a fully correct solution to this question.


Q15. 
(a) was answered well and most gave the distribution in a table with values 1, 3 and 5 and probabilities of  for each. Labelling each face as 1, 1, 3, 3, 5, 5 was quite common too, usually accompanied by probabilities of  for each face, but some gave probabilities of  for each face and others had values of 1, 2 and 3.
(b) was not answered well with many candidates only having one of the two words "discrete" and "uniform" in their answer. An answer of "discrete random distribution" was quite common but some candidates did not know the correct terms, describing it as an "equal" distribution.
Very few candidates used the symmetry of the distribution to "write down" the answer to (c) but they were still able to gain the mark by calculating E(B). Some candidates could not answer part (d) correctly but in part (e) although a number found E(R)2 =  some thought this was Var(R), others only subtracted 3, despite having previously quoted a correct formula, and some rounded their answer to 2.33 without first giving the exact value. In the final part of the question many candidates did not seem to understand what was required. Some drew complete tree diagrams but then did not realise that Avisha always chose the die that gave her the best chance of winning. Others identified which die she should choose without taking account of the probability of 0.5 for the outcomes of the spin of the coin. Nevertheless a small number of candidates did complete this part of the question successfully.



Q16. 
Most candidates showed us clearly that they were using the sum of the probabilities to reach 10k = 1 from which they showed that k = 0.1 and the calculation of E(X) was usually correct too. In part (c) some confusion between E( X2 ) and Var(X) and also over what to square (some choosing the probabilities rather than the values of x) caused difficulties and a few simply squared their answer to part (b). Part (d) was a fairly standard request and most knew that Var(2 − 5X) = 25Var(X) and were sometimes able to recover from errors made in part (c) but then many solutions ground to a halt.


Q17. 
Parts (a), (b), (c) and (d) were answered very well and most candidates scored well here. In part (e) most knew they had to solve the inequality and arrived at S > 1.5 but some misinterpreted this and gave 
P(S > 1) rather than P(S > 2). The final 2 parts caused problems for many candidates. A popular approach was to calculate a sample space showing all 25 products of S1 and S2 but they often thought that these 25 cases were all equally likely. Unfortunately this false assumption would lead to the correct answer in part (f), but not of course the available marks, and many candidates never properly considered the correct distribution of X. Some candidates did list the 15 required cases and were able to obtain the correct probability but such cases were rare.


Q18. 
The first 4 parts of this question were usually answered very well by most candidates. Very few confused E(S2 ) with [E(S)]2 and the mean was usually squared when calculating Var(S). Part (e) was attempted by a good number of candidates and many realised that they needed to combine 0.2 and 0.2. Some gave 0.2 + 0.2 = 0.4 and others 0.2 − 0.2 = 0.4 but there were a number of correct solutions seen. Those who attempted part (f) often identified some of the cases such as P(4 ∩ 4 ∩ 2) = 0.01 and occasionally the 3 arrangements of 4, 4 and 2 but then they often missed P(4 ∩ 4 ∩ 4).
Part (g) proved to be a challenging final part to the paper. Some tried listing all the possible cases for Jess to win. Their listing was usually extremely inefficient and they invariably missed one or more cases. Only a handful of candidates seemed to realise that only two probabilities needed to be considered namely P(  ∩ 5 ∩ 5) and P(5 ∩  ∩ 5) and the probabilities could then be found quite easily.
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	qu.18
	May 2011 S1 - Q8
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Question

Number Scheme Marks
@) | 04+ p+005+0.15+p=1 | or verify 0.4+02+005+0.15+02=1 |MI
2p=04
P conclusion p=0.2 must be stated | Alcso
2
®) | E(X)=04x—4+02x-2+0.05x1+0.15x3+02x5=-0.5 M1 Al( '
@
© | [F(0)=P(X =-2)+P(X =—4)=02+04]=0.6 B1
@
@ | PGX+2>5=PX >1)
P(3X +2>5)=P(X =3)+P(X =5) M1
P(BX+2>5)=035 Al
@
(®) | Var(aX +3) =a* Var(X) M1
534=a1335
Al
@
[ Total 9]

Notes





image51.jpeg
@

®)

©
@

©

M1 for equating sum of all probabilities to 1
‘The minimum working required is: 0.6 +2p =
BUT allow 1 -04-0.05-0.15=04 followed by 2p =04 0r 1-04-005-0.15=2p
Since all of the probabilities are seen.

Aleso  fora correct solution with no incorrect working seen
(For verify method, they must conclude that p = 0.2)

M1 for a correct expression with at least 3 correct terms
May be: —1.6-0.4+0.05+0.45+1

Al for - 05

Bl for0.6

M1 foridentifying X =3 and X =Sonly (X'> 1 is not sufficient)
Al for035

M1 for Var(aX +3) = a® Var(X) but this may be implied by seeinga =2 ora
Al for both correct values + 2 and ~2
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Scheme Marks

x -1 [ 1 2
PY=x Ak k 0 & ML
ks O+ k=1 (Allow verify approach) | Al
G-l = k:é ) Aleso (3)
EO0I- <tk (-0+0)+2k o ~2 or ~bedyaxk M1
= % for 0.8 Al @

C1Px4k+(040)+ 2% or dk+dk or HJ’x%Jxé o) |MI

30 Aleso @)

fi] |¥=1-3x:4 1-2-5
Prob:  dk k 0 k vl
Ll And E(Y) = 12k

Verify

(@

Var(1-3X) =(-3)'Var() or OVar(Y) | E(Y") =90k and Var(y) =00k-144" | 1
-1 Alco ()
1101
Notes
@M1 for attempt at P(X = x) with at least 2 correct. Do not give for 4, 1, etc but £,% are OK
1Al foratleast 4k+ k+ k=1 seen. Allow £+3+=1 [Mustsee=1]

2% Alcso_provided previous 2 marks are scored and no Incorrect working seen

1S not essential o see P(Y = ~1) = 4k etc but f wrongly assigned probabilities such as
P(X=2) = 4kand P(XY= ~1) = k are scen then the final AL Is lost

‘To score final Alcso there must be a comment such as “therefore k= 3

M1
Al

M1
Aleso
M1

2 M1
Alcao

Division by 4 (or any other ) in (b). (¢) or (d) is M0. Do not apply ISW
for a full correct expression for E(Y). i their probabilities. Allow in terms of .

for % o exact equivalent only. Just 7% scores MIAI

for evidence of both non-zero terms seen. May be simplified but 2 terms needied.

for M1 seen leading to %0{ any exact equivalent. Condone —I* x 4k but not — 4k

for correct attempt at Var(X) - follow through their E(X) and allow in terms of k
Award If a correct formula is seen and some correct substitution made.

for correct use of Var(aX+5). Condone ~3* Var(X) if it eventually yields 9Var(X)
for 11 only
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Question

i Scheme Marks
(a) [p+g+02+03+p=1 or 2p+g=05 (oe) Bl
)
®) | [EW=] 2p-g+1x02+3x03+2p [=04] or ~g+0.1+045 [=04] | MI1AL
2=015 Al
(&)
(© |22 +°0157=05 (0.0) M1
p=0175 Al
@
@) | [VarX)=] 2.275-(0.4) M1
(Accept2.12) | Al
@
2 T
© ’ &l 2 T M1
PR=1 q 02
ER®)=-1p-g+04+02+Lp am1
AlR
(&)
(D6 | $>Rwhenx=15and2 M1
P(Sarah wins) =03 +p AlR
() |R>Swhenx=-2and 4 or r=—% and2 M1
P(Rebecea wins) =02 +p AlR @

‘marks]





image54.jpeg
Notes

@
(b)

©

@)

[C]

®G)

(i)

Bl for any correct equation based on sum of probs. = 1

Correct answer only in (b), (<), (d), (¢) or () scores full marks for that part.
M1 for an attempt at an expression based on EY). At most 2 errors or omissions.
1*Al fora correct equation [May be implied by a correct answer]
2 Al forg=0.15 or exact equivalente.g. &

Ml for correct equation or using their equation from (a) with their g. provided g = [0.1]
Al forp=0.175 or exact equivalent c.g. %

Ml fora comect numerical expression but MO if followed by division by  (c.g. k= 5)
Al for 2.115 or accept awrt 2.12 (also accept exact equivalent c.g. £

T*MI  for comrect values for R, allow 1 error, and allow unsimplified. Condone no label if
ot used as probabilities. If seen in table on QP allow, but_must be labelled.
Just writing the sum Tr is MO but adding later can score 1* M1

2% dM1 dependent on 1* M1 for an attempt at an expression based on E(R). ft p and q. Gf
‘probabilities) ft their r values. At least 3 correet (or correct i) products seen.

AlRt for 045 or (0.6~ their ) provided g is a probability
Answers for (f) must be clearly labelled or take 1* as (i) and 2" as (i)

Ml foridentifying the correct values of X

AIR  for 0.475 or 0.3 + their p . provided answer is a probability

Ml foridentifying the correct values of Xor R

AR for0.375 or 0.2+ their p or 1 their 0.475 — their g, provided ans. is a probability

SC1X,X: | They use two values of X: (i) for B(S > R) = 0445 (BI) (ii) for PR 5) = 0.4625 (B1). No ft
SC2 swap | Answers wrong way round: (i) P(S > R) = 0.375 and (ii) PR > 5) = 0.475 (B1) No fi
Epea On epen record SC1 as: (i) MOAI (i) MOAI and SC2 as MOAOMOAL
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Question

3 Scheme Marks
Number
(a) | (Discrete) Uniform B1
@
®) 1
@ PE=10)= 15 Bl
9
@ PE<10)= = BI
@
©| O Pr=10)=0 B1
1
@PF<10=7 Bl
@)
[ Total 5]
Notes
(a) | BI for seeing the word uniform

Condone “continuous” uniform
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Question Scheme Marks
@ x 1 ) 3
04 25 | 035
FQ)-F(1) (o)
®)
) |[F18)=Por<18)=Paxr<1)=] 04 Bl (1)
L) —
Notes
@) | MI for POY=1)=0.4 and evidence of  correct method for finding P(Y = 2) or P(Y= 3)
Tmplied by correct ans.

1%Al forP(X=2)=025
2™ Al for P(X=3)=0.35

®) Bl for04
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Question

T Scheme Marks
@ | F3)=1gives M1
k=13 Aleso
@
14
® | POr=1)= 5 or 035 (o) B1
Useof PUr=2)=F(2)~F(1) or P(X=3)=F()-FQ) M
7
Px=2=—or 0175,  Pr=3=2 or 0475 AL AL
10 10
@
@© | Var(ax-5) = 4 Var(x) M1
25
So Var(4x-5)= % or 1295 Al €]
= s
Notes
3k
@ | M1 foruse of F(3)=1 Attemptat 1 must be seen

®)

©

27+ = 40 without reference to F(3) = 1is MO
Aleso for no incorrect working seen and M1 scored.

s
Allow M1 for 2213

If a table such as this is seen then award BIMIA1A1. Tgnore labels on 2* row

1 2 3

o2
F0ro3s

% or0175 | ¥ or047s

Otherwise apply the following:

=1 but the A1 requires an explicit comment such as “so k= 13"

Bl for % 01 0.35 or any exact equivalent. Can be labelled F(1), POY= 1) or p(x) and

associated with x = 1 or given in a table but must have a label.
Mi  for clear method showing how to obtain P(Y =...) from F(x)

M1 can be implied if either PCY=2) or P(X-

1Al

is correct

farP(X:Z):im’OHS or exact equivalent

2 A1 forP(X=3)= % or 0.475 or exact equivalent

M1 for correct use of the variance formula (4°Var(X) alone secures M1)
A value for Var(X) is not required for this M1
Al forany exact equivalent to 12.95 Correct answer only is 2/





oleObject1.bin

image58.jpeg
Question Scheme Marks
Humber
(@ & MI
21
1243k
21
k=3 *AG tequited for both methods | Al
@
b) 11
n Bl
)
(e) 5 6 7 1
22X+ X+ A X+ 6X
00 =2x 43X+ 46 -
74
\xﬁmzwnijz Al
@
@ 2 1
+6 2 ML
Al
@
©
M1
Al
Var (1X-5)= 7*Var () M
5 698
= T1g0r == orawnt 776 Al
“)
Total 11
NOTES
@ M1 Award for verifcation. Sub in k=3 and show 3 xP(X = x) =1 Require at least
three correct terms seen o line 2 of scheme.
Al Correct solution only including verification.
®) Bl Award for exact equivalent.

@©
@
[C}

MI At least two correct terms required for method, follow through ‘their k* for
‘method. Comrect answer only, award M1 Al
MI At least two correct terms required for method. MO if probability is squared.
Comrect answer only, award M1 A1 Accept exact equivalent of 14 for AL
M for use of correct formula in both. 1.6 can be implied by correct final answer.
‘Working needs to be clearly labelled to award first method mark without second
stage of calculation.
1f a new table for values of 7X - 5 is used. 50 Y = 7X — 5

9751 5, 698

B = 5 Vailn = 7501 S5 orawit 776 Awaid MIAL MIAL

If any attempt to divide by 4 seen as part of working award MO for that part
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[omiiong Scheme Marks
(a) a=01|B1
[F(3) =F(2) + P(¥=3) =( 0.5+ 0.3)]
d=08 Bl
b=F2)-a=05-01 or a+h=05 M1
b=04]Al
c=1-F3) or1-(a+b+03) or a+b+c=07
. 6™ |ma
©)
(b) PGY+228)=P(¥Y>2) or 1-P(¥Y<1) M1
=b+03+c o l-a =09 Alft
@
7
Notes
Correct answers with no (or irrelevant) working score full marks
(a) 1Bl fora=0.1
2Bl forF(3)=08ord=08
M1 for amethod for bor c. E.g. sightofa+b=0.5ora+b +c=0.7
1f their values satisfy one of these equations then score M1 provided their
values
are genuine probabilities (i.c. 0 <p < 1)
This M1 may be implied by a correct answer for b or ¢
1Al forb orP(2)=04
2@A1  fore orP(3)=0.2
® M for rearranging to P(Y> 2) or 1 - P(¥ < 1) or selecting cases ¥=2. 3and 4

Alft  for0.3+theirb+theirc or 1 -their a, provided final answer < 1 and their

values are probabilitis.
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Question Scheme Marks
Number
@ (or equivaleat) M
Al
@
®) [E0=1 B
)
© | B?) =1k 1+ ax+9xd M
Vart = 3.1-1 M1 AT
)
@ | Vart = (-2)" varco). M A1
@
(e)| x>rwhenX=30r2,  so probability: M1 Alft
Al
6]
Total 11
(@) [ Mifor a clear attempt to use 3" P(X =) =
Correct answer only 212
NB Division by 5 in parts (b), () and (d) seen scores 0. Do not apply ISW.
®) |B1for1
(€] 1*M1 for attempting 3" x?P(X = x) at least two terms correct. Can follow through
2% M1 for attempting E(.X*) ~[E(X)]’ or allow subtracting 1 from their attempt at E( X *) provided no
incorrect formula seen.
Correct answer only 3/3
(d)| M1 for (~2)2Var(X) or 4Var(x)
Condone missing brackets provided final answer correct for their Var(t)
Correct answwer only 2/2.
C]

Allow M1 for distribution of ¥ = 6 — 2.X and correct attempt at E(Y>
M foridentifying X=2,3
T*AIR for attempting to find their P(

2A1 for 5 o045

-[EQ)?

=2) + P(X=3)
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Question

Rt Scheme Marks
@ and e=1 Bl
Bl
M1
Al
(o) so Blft
©
®) | [P =D=a+b= . Blft
- 1)

[6]
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Nates

@

()

Probabilities not in [0, 1] score 0 for corresponding A or B marks
Allow exact decimals or equivalent fractions

In part (a) you may see answers in the tables
If answers in the table and answers on the page disagree take the answers on the page.
If jumbled working is followed by a list of answers on the page marlk the list.

Ml foran equation for b. Follow through their value of a and possibly ¢ if both in [0.1]
Maust be seen as an equation with & the only unknown.
NB b=d~a is not a suitable equation and use of this is MO

1%A1 forb=1 or025 (Correct answer only is 2/2)

3BIft ford

Blft

ot their a + their b but their d must satisfy <d <

for & ortheira+ their b or theird

Please check the two B1ft marks carefully
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Question Scheme Marks
(@) | To score 15 points, 2 correct and 1 not correct
[0.6x0.6x0.4]+[0.6x0.4x0.6]+[04x0.6x06] or 3x(06x06x04) | ML
—0432 (9 Aleso
@
() | 1-(0216+0432+0.064)=0.288 or 3x0.6x(047 Bl
O]
(© | [30.0). (0. 30) or (15, 15)] 0.216<0.288+0.288x0.216+0.432x0432 | M1 Alfi
awrt 0311 Al
[©]
@) | E(X)=[30%0.216]+[15x0.432] +[0x0.288] +[(~15) x0.064] M1
E(x)=12 12 (only) At
@
(&) | E(X?)=30"x0216+15" x0.432+0" x0.288 + (~15)* x0.064 (= 306) M1
() ~ECX?) | 2 206t
Var(X) =E(X*) ~[E(D)]" =306-12 162 M AL
[©]
(9 | Let ¥'= number of points scored in bomus round
] 60 35 10 15 M1
[PT=)]1] 0216 0432 0288 0.064
E(F)=60x0216+35x0432+10x0.288 + (-15) x 0.064 M1
Al Q)

(14 marks)
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Notes

@
®)

©

sC
@

@

®

MI for 0.6*x 0.4 may be = by tree diagram with 0.6 & 0.4 but just 3x 0.144 or 2x0.216 is MO
Al cso for 3x 0.6 x 0.4 (seen) and no incorrect working seen

0288 0r 2% answer may be seen in table. [NB Fractions: .~ > 204 5
125 1257125125 125
Carrect answers to (c), (d) and (¢) score full marks for these parts.

M1 for cither 0.216x'0.288" = (0.062208) or 0432x0.432 = 0.186624

(8 (b) provided their (b) is a probability)
1% Alfi for a fully correct expression 2 Al for awrt 0311 or. 3972

6 questions 4 correct Award M1&1* Al for 6C4x0.6°x0.4° or 15x0.6*x0.4*
M for a correct expression for ECY) (0 term not required. f their (b))

NBalt: 3x (10x 0.6+ (~5) x0.4). E(X) = 12 scores MIAL if (b) is a probability.
1 Ml for correct expres” for E(X*) (0 term not required. f their(b))Condone 1

Tgnore label so Var(X) = [ECY?)] = 306 can score MIMOAO
2 M1 for correct expression for Var(X) (may follow through their values)

1M1 for [10° 0.6+ (=5)° 0.4 =70] 2 M1 for 3x(70~4?)=54 and A1 for 162

1M1 for comect distribution for ¥ (fi(b)) or 20x0.6+(=5)x0.4 or ¥ =1X+10
2% M1 for comect expres” for E(Y) or 3x (20X 0.6+ (=5)x0.4) or E(¥) =$E(X)+10

Dep. on 1* M1 but can ft their (b) or their ECY). Correct expres” (line 2) scores MIM1
Al for 30 with at least 1 M mark scored. Answer only is 0/3 but 30 after M1 is 3/3
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Question

Number ot i
()| 2K+ 4k+6k+KE-2)=1 (commas instead of + ora table OK if 18k =1 seen later) | M1
, Aleso
k=1 ™ @
® [zx+4k]=% s (4 or any exact numerical equivalent) | o
© 1 2 1 1
2x;]+[4x;)+(6x;]+(8x;} (2x2k)+ (4x4k)+(6x6k)+ (8x6k) | gy
7 52
=57 (orexact equivalent eg. > ) al
B b 0 @
o H{i62) (3652 +( 0452 Jor (420110t 36000 (00200
5 3 3 ) ) M1
=371 (or exact equivalent eg. 12) .
3 3 @
(O] 3 320
Varn=372 - [s2| (=305 or 22
weo-311-(s2] ¢ o2 i
Var(3-40)=16 %395 M1
= awrt 632 (allow 42) Al 3

Total 10
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Notes

@ M for 2k + 4k + 6k + K8 -2,
o 1

M1 for 2xkeaedielol@og) Alfor=1 and “therefore
[EMRNTAR T

Al for k ﬁ NB es0 50 10 incorrect working seen

Ifin parts (c), (d) and (e) there i a correct expression worthy of M1 but later they incorrectly go on

and multiply or divide by some number 1, then allow the M1 but mark their final answer (A0)
Answers only in (b), (), (d) and (¢) score all the marks.

(&) | M1 for an expression for ECY) with at least 3 correct terms (products) allow use of k e.g. 104k

(d) | M1 for an expression for ECX") with at least 3 comrect terms (products) allow use of k ¢.g. 672k
Al for any exact equivalent only. Eg 37.3is A0 but, of course, 37.3 is OK

(@ | 1"M1  for EGX) ~[EQOT ft their answers to (c) and (d). Must see values used correctly.
2*M1 for statement 4> x Var(X)"'seen or for 47 x their Var(X) provided their Var(X) > 0
Do not allow for 16 E(X”) but can score MOM1
NB condone —4* x Var(X) if the answer later becomes positive.
Al forexact fraction (22 o.e.) or decimal approximation that is awrt 63.2

Beware: rounding to 3sfin (c) (5.78) and (d) (37.3) gives 62.3 which could be misread as 632
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[ Question Scheme Marks
@ ][3a +26=07 M1
a+2a+3a+4b+5b+18=42 o 6a+9h=24 M1
sb=1 Attempt to solve M1
co | Bl
co | Bl
®
®) | EQX)=1x014+2 %014+ 3 x0.14 4 x024+ 5 x02+ 6 x0.3 (=20.4) () Bleso
Y
(© | [Var () =] 204427 [=2.76] M1
Var(s - 3X) =9 Var () Ml
=2484 or 248 (allow ) o [ Al
@
@ |[sk=1  so] k=02 Bl
m
@|Pr=1=01 Bl
e P(¥=2)=FQ)-F1)=0.1 M
T2 3]s [5
Condone use of X() instead of ¥(y) v
P(T=) 01| 01| 04|02 |02 | Ignore incorrect or no label if table fully correct
@
® | Pax=1xPr=1) o | MLAL ()
(15 marks)
Notes
Probabilities outside [0, 1] should be awarded M0
(a) | 1" M1 for an attempt at a linear equation in a and b based on sum of probs. = 1
2M1 for an attempt at a second linear equation in a and b based on E(X) = 4.2 Allow one slip.
3MI for an aftempt to solve their 2 inear equations based on sum of probs and ECY) . Must reduce to
a linear equation in one variable. 1” B1 for b and 2 B1 for a. Answers only score BIB1 only
‘The 3™ M1 may be implied if M2 is scored and both correct answers are given.
ALT| BIBI for stating b and a.
1"M1  for showing that sum of probs.
M1 for showing that E(X) = 4.2
3*MI1  foran overall comment *(therefore) a = ...and b= ..." No comment loses this mark.
() | Bleso  fora fully comect expression (o incorrect work seen). E.g. allow 14x0.1+41x0.2+36x0.3
Or 0.1+04+0.9+32+5+10.8. Allow in a table (with 20.4) but without “+" explicitly seen.
(¢) [ 1" M1 for a correct expression for Var(X). Must see —4.2°
2™ M1 for(-3) Var(X) or better, no need for a value. Accept ~3"if it clearly is used as +9 later.
@Bl forP(r=1)=01
M1 for correct use of F(y) to find one other prob. Can fi their k if finding P(¥ = ) for y >2
‘Can be implied by one other prob. comrect or correct ft Look out for P(3) = 3k~ 0.2 or P(4) = P(5) = k.
Al fora fully correct probability distribution. Correct table only is /3
(9| M1 fora cormeet expression or answer fi their P(¥ = 1) and their P(Y= 1)

Al for 0.01 or exact equivalent only
Don't ISW here e.g. 0.1x0.1+0.1x0.1 or 2x0.1x0.1 are MOAQ
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Question

e e Scheme Marks
(a) | BT = [0x4]+3x3+6x% , =7 or 35 M, AT
- )
®) | [EX)] =[x ]+ x3+6'x} (=15) M1
[Var@)] = "15"~("3")} M1
Al
©]
© | 5p+2a-p)=3 o [allowp+g=1 and Sp+2g=3 forMl] MiAl
Sop=1 ) Al cso
@)
@ |[P(¥=2)= } and P(¥=5)=1 Bl
[}
(@ | P(S=30)=P(X =6 and ¥ =5) M1
=1 Aleso
@
® Is] 4 6 2 |15 |25 [y MIAIAL
Ps=91) % | % | % | % | % | () e
(@ | E(9) = %[4x2+6x16+12x6+15x8+25x1+30x3] M1
= Al
@
®) | EQX)=15and ES)=11416...or E(X?)>E(S) Blft
so Charlotte has the higher tofal score | dB1ft
@

18]
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Notes

(@) | M1 fora fully correct expression (allow missing 0 term). Correct ans only is 2/2

(B) | 1M1 fora fully correct expression (allow missing 0 term) for ECY?). Allow Var(X) label
224 M1 for their ECY %) — their E(X)

(© | 1* M1 for attempting a linear eq’n in p(or x etc). Must see =3 and have 2 terms in p, 1 correct
1# Al for a fully correct equation for p or for solving their eqns leading to correct eqn in p
2 Al forp= 1 with M1 scored and no incorrect working seen.

@ |Bl  for corect values for P(Y=2) and P(¥'= 5). Needn't be in formal table but labelled.

(@) | M1 for 6x5=30 or P30)=P(6.5) or P(30)=P(6)xP(5) or S=(X¥=) 6x5 orX=6and ¥=>5
Aleso dep on M1 scored for with no incorrect working seen e.g. 30 = 4 x is A0

(® | 1* M1 for an attempt at prob. distribution with at least 3 correct (s and P(S = ))Exc” 5= 30
1* Al for 6 correct s values 2* Al for a fully correct prob. distribution including s = 30

(2) | M1 for attempting E(S) using their values. Maust see .3 products (correct f}) decimals to 3sf
Al for 113 or % or any exact equivalent. (Correct ans. only 2/2, awrt 11.4 only M1A0)

() | 1 B1 for correct comparison of their E(S) and E(?) labelled in (b) or (k) [expressions or values]
2™ 4 B1 dependent on a correct comparison of their values for choosing correct player.
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Question
N Scheme Marks
b i[5 [
o TERE. Also allow b values 1.1.33 5.5 and Bl
RN I I robabilies al £ Bl
IR P s al 1
@
(b) | Discrete Uniform {distribution} Bl
[0}
© | [E®)=]3 (by symmetry) Bl
[0}
@ | E®=12x2+4x L 162 M
Bl BET LT
3 Al
@
[ - } M1
[C] 5
(or any exact equivalent. NB 2.33 is A0) am1, Al
)
(@ | Coin lands on 2, choose blue die; coin lands on 5 choose red die B2/10
Ay
SR N "
(allow awrt 0.417) A1 @
13
Notes
(@) [ 1*B1 for comectly identifying values of bas 1,3, S or 113355
2%B1 for probabilities all =2 or exact equivalent (or of course 6 cases of L)
Any correct probability distribution or probability function is 2/2. Must be in part (a)
@) | Bl for "Discrete Uniform" . Both words required.
@©|B1  foranswerof3oe. AcceptECD)=3
(@ | M1 foran attempt at correct formula. At least 2 correct products seen. If later divide by 7(= 1) MO
AL for an answer of 3. Correct answer only scores both marks.
S 1M1 fora correct attempt at E(R’). At least 2 correct products seen. Condone Var(R) = etc
©
May be implied by sight of 2 or 11.3 or befter.
2%dM1 Dep. on 1% M1 for clear attempt at E(R®)~[E(R)]| Must see their values used
NB Var(R) = E(R’)-[E(R) is MIMOAO since do not use their[E(R)]*
(0| B21/0 Both comect BIB1, one correct BIBO. Do not use BOB1[e.g. always red or RR is BIB0]

NB Allow other descriptions of the die e.g. 1% or fair for blue, 2% for red if they are clear.
M1 forevaluating comect probabilities i.e. only 1.4 seen or if incorrect choice made:
M1 for an answer of - if choose RR (1), if choose BB (3), if choose RB (})
NB 3 as answer scores M1A1. Need to see choices of die stated for B marks.
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Question

ek Scheme Marks
(@] k+ 2k+ 3k+ 4k=1 or 10k=
k=01 (% [allow verification with a comment e.g Bicso
)
(0| E(X)=1x0.1+2x02+3x03+4x04=3 M1 AT
@
(©) | E(X?)=1x0.1+4x02+9x0.3+16x04=10 M Al
@
(d)| Var(x)=10-9(=1) M
Var(2-5X)=5"Var(X) =25 M1 A1
6)
@1 p(L3)+P(2.2)=250.1x03+02x02=01 () M1 Alcso
@
O [xi+xn 2 3 4 5 6 7 B1B1
e 0.01 004 0.1 0.2 025 |0.2 )
@® | P(2)+P(3)=005 MIAY

@)
[14]
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Question

Number Scheme Marks

Notes

(@) | BI for a clear attempt to use sum of probabilities = 1. Must see previous line as well as k= 0.1
A correct expression for E(X) or E(X*) that is later divided by 4 scores MO

(6) [ M1 for a completely cormect expression. May be implicd by correct answer of 3 or 30k
Al for 3 only.

(©) [ M1 for a completely correct expression. May be implied by comect answer of 10 or 100k
Al for 10 only.

[ For E(X*,

=0.1+0.8+27+6.4-9 = 1scores MOAO but accept this as Var(X) in (4)]

(d) | 1" M1 for using Var(X) = E(X*) ~E(X)". £ their values from (b) and (c)

Allow this mark for Var(¥) = 10~9 or better. May be implied if this i seen in (¢).
2™ M1 for $*Var(X) or 25Var(X) can ft. their Var(X). Allow -5 if it later becomes +25
Al for 25 only. Dependent upon both Ms

Forming distribution for ¥ =2-5X gets M1 for E( ¥*)=194 then M1A1 for 194-169-

()| M1 for comcetly identifying (1. 3) or (3. 1) and (2. 2) as required cases
(3K +4K* or better)
Al cso_for 0.1 only but must see evidence for M1

() | 1" B1 for 0.2 correctly assigned. May be in table.
2" B1 for 0.16 correctly assigned. May be in table.

® M1 forP(2) + P(3). May be implied by correct answer of 0.05
Al for0.05 only.
Correct answer only can score full marks in parts (b). (c). (f) and (g)
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Question Scheme Marks
(@) [E() = 0+1x02+2%0.1+4x03+5x0.2 =[02+02+ 1.2+ 1.0] M1
26 Al @
() | E(57)=0+1x02+2"x0.1+4’x03+5°x02  or 02+04+48+5 M1
104 () Aleso (2)
© | Var(s) = 104-("2 M1
alQ
@@ M1 AL
(@) ML AL (4)
(©)|55-3>5+3 = 4556 or S>15. soneedP(522) M1, AL
P(S22)=06 Al @)
@ | P(S,=1)xP(S, £4).=02x08=0.16 () M1,Aleso(2)
@ | P(5,=2)xP(5,£2)=0.1x05 =005
P(S,=4)xP(S, SD=03x04 =012 Full method - all cases listed | M1
2%02 - =
PG5 =9)xP(S, e ol all correct products | Al
(S, = 0)xP(S, = any value) = 0.2x1=0.20
-057 Al ()
[18]
Notes
@M1 foranattemptat 3 xP(X =1). at least 2 non-zero terms seen. Correct answer 22
Al for 2.6 or any exact equivalent
() M1 fora comect attempt. at least 3 non-zero terms seen
Aleso for 10.4 provided M1 is scored and no incorrect working seen
(€) M1 forl0.4— 4 ft their 4 Must see their value of 4squared (A1 for 3.64 or any exact equiv.)
(@(@) | M1 fora comect expression using their 2.6 (Al for 10)
@) [ M1 for 25x Var($)- ft their Var(S) (Al for 91)
(e) [M1  for solving the inequality as far as p$ > g where one of p or g are correct
1Al forP(S>2)
2 Al for0.6 (provided S> 1.5 was obtained). Ans only of 0.6 scores 3/3
A table showing all 25 cases can only score M1 in (g) if the correct cases are indicated.
(@ |M1 for using independence (so multiplying) and attempting P(5: < 4)
g 0.2x(0.2+0.240.1+0.3) or 0.04+0.04-0.02+0.06 score M1 BUT 4 (not from0.2x0.8) is MOAD
Aleso for a fully commect explanation leading t0 0.16. Must come from 0.2x0.8 not
(@) [M1 forall cases for Syorall 15 cases for X'

1" A1 for all correct probability products for Sy or X
2™ Al for 0.57 Correct answer scores 3/3. Probabilities out of 25 score AOAQ
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Question

Number Scheme Marks
@ M1, Al
@
®) M1, Al
@
© 50 M1, Aleso
@
@ Var(s) =9.45 ~(E(S))’. or % (accept awrt 2.95) | M1. Al
@
© P(sand5)= (3). =4 or004 2eLAL
@
® P@.4.2) = () xdx3 (=003 0r ) D, T
P4.4.4) =( ) (=0.008 or &) B1
P(Tom wins in 3 spins) = 0.038 Al
@
® |P(3n505)+P5A5AS)=4x(4) x2 =00640r M1, ML AL
i (]
17
Notes
(@) | MI for clear attempt to use sum of probabilities = 1 (fractions or decimals) Ans only 2/2
(®) M1 foratleast 2 correct terms (0) of the expression. 2.55 with no working scores MIA1
Any division by k (usually 5) in (b) or (c) or (d) scores MO
(© |MI  foratleast3 correct. non-zero terms of the expression seen. allow decimals.
Aleso for the full expression (with 9.45) seen. Must be cso but can ignore wrong p.
(@ |M1  foracomect expression (9.45 seen), can ft their E(S). May see 3" (x—"2.55")? x P(X
Al acceptawrt 2.95 Answer only can score M1 for correct ft and A1 for awrt 2.95
Answer only in (¢) and (f) is full marks, in (g) is no marks
© [M1 for (g)z Condone P(5)xP(5)=0.25x0.25. [Beware 0.4 is A0]
@ [ 1M1 for (1) x4 or 0.01seen
2™ M1 for multiplying a p’q probability by 3(p, g& (0.1)). B1 for (0.2)} or better seen
@ | 1M1 for £x(4)7 orall cases considered and correct attempt at probabilities

2 M1 for multiplying a_p*(1- p) probability by 2. Beware (0.4)° = 0.064 is MOM0AO
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