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QUESTIONS

13 questions - 187 marks - 1 sub-topic

SUB-TOPIC S3.2a

LINEAR COMBINATIONS OF NORMAL VARIABLES

Sub-topic S3.2a - 13 questions - 187 marks - lowest tariff first




ANSWER >

~ N &

7 At a particular supermarket, the times taken to serve each customer in a queue at a
standard checkout may be modelled by a normal distribution with mean 240 seconds
and standard deviation 20 seconds.

There is a queue of 3 customers at a standard checkout.
Making a reasonable assumption about the times taken to serve these customers,

(a) find the probability that the total time taken to serve the 3 customers will be less
than 11 minutes.

(©))

(b) State the assumption you have made in part (a)

M

In the supermarket there is also an express checkout, which is reserved for customers
buying 10 or fewer items. The time taken to serve a customer at this express checkout
may be modelled by a normal distribution with mean 100 seconds and standard
deviation 8 seconds.

On a particular day Jiang has 8 items to pay for and has to choose whether to join a
queue of 3 customers waiting at a standard checkout or a queue of 7 customers waiting
at the express checkout.

Using a similar assumption to that made in part (a),

(c) find the probability that the total time taken to serve the 3 customers at the
standard checkout will exceed the total time taken to serve the 7 customers at
the express checkout.

C))
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(Total for Question 7 is 8 marks)
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6 A particular lift has a maximum load capacity of 700kg.

The weights of men are normally distributed with mean 80kg and standard
deviation 10kg.

The weights of women are normally distributed with mean 69kg and standard
deviation 5kg.

You may assume that weights of people are independent.

(a) Find the probability that when 6 men and 3 women are in the lift, the load
exceeds 700kg.

“)
A sign in the lift states: “Maximum number of people in the lift is ¢”

(b) Find the value of ¢ such that the probability of the load exceeding 700kg is less than
2.5% no matter the gender of the occupants.

()

A




ANSWER >

%

o
5
2
<
<
<
<5
29
<5
25
2
<
<
5%
5%
2
<5

KRR KKK

2R
JRRRX

7

Question 6 continued

A




ANSWER >

7

Question 6 continued

K
RRRRRE

%
26X

02e%%
XXX

X
% 20%e%

X
be!

R
S0,

o%
e

o

X
190200020202 %20 %%

%%

A




ANSWER >

( )

Question 6 continued

0

K

5%
5
2
<
<
<
<5
29
<5
25
2
<
<
29
<5
29
<5
oS
2
<
<5
29
<5
29S
<5
2
<
5%
5%
<5
<
<5

KSR EEEIEIRAK LK

258

2R
555

(Total for Question 6 is 10 marks)
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ANSWER >

r

7. The random variable X is defined as

X=44-3B
where 4 and B are independent and
A~N(15,5%)  B~N(10, 4)

(a) Find P(X < 40)
)
The random variable C is such that C ~ N(20, ¢°)

The random variables C|, C, and C, are independent and each has the same
distribution as C

The random variable D is defined as

Given that P(4+ B+ D < 76) = 0.2420 and that 4, B and D are independent,

(b) showing your working clearly, find the standard deviation of C

()
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ANSWER >

( Leave | B
blank
7. A market stall sells vegetables. Two of the vegetables sold are broccoli heads and cabbages. ]
The weights of these broccoli heads, B kilograms, follow a normal distribution
B ~N(0.588, 0.084%)
The weights of these cabbages, C kilograms, follow a normal distribution
C ~N(0.908, 0.039%)
(a) Find the probability that the total weight of two randomly chosen broccoli heads is
less than the weight of a randomly chosen cabbage.
Q)
Broccoli heads cost £2.50 per kg and cabbages cost £3.00 per kg.
Jaymini buys 1 broccoli head and 2 cabbages, chosen randomly.
(b) Find the probability that she pays more than £7
C))
The market stall offers a discount for buying 5 or more broccoli heads. The price with the
discount is £w per kg.
Let £D be the price with the discount of 5 broccoli heads.
(¢) Find, in terms of w, the mean and standard deviation of D
(2)
Given that P(D < 6) < 0.1
(d) find the smallest possible value of w, giving your answer to 2 decimal places.
Q)
\ y,

£
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e ™)
7. Small containers and large containers are independently filled with fruit juice.

The amounts of fruit juice in small containers are normally distributed with mean 180ml
and standard deviation 4.5 ml

The amounts of fruit juice in large containers are normally distributed with mean 330 ml
and standard deviation 6.7 ml

The random variable W represents the total amount of fruit juice in a random
sample of 2 small containers minus the amount of fruit juice in 1 randomly selected
large container.

W ~ N(a, b) where a and b are positive constants.

(a) Find the value of a and the value of b
3

(b) Find the probability that a randomly chosen large container of fruit juice contains
more than 1.8 times the amount of fruit juice in a randomly chosen small container.

6))
A random sample of 3 small containers of fruit juice is taken.

(c) Find the probability that the first container of fruit juice in this sample contains at
least 5 ml more than the mean amount of fruit juice in all 3 small containers.

(6)

£
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7. A company sells two types of board, short or long.
The weight of a short board, Skg, has distribution N(7.7, 0.01%)
The weight of a long board, kg, has distribution N(20, 0.02%)
A random sample of 3 short boards and 4 long boards is taken.

(a) Find the probability that the total weight of the 3 short boards and the 4 long

boards is more than 103.15kg @

A random sample of 2 long boards is taken.

(b) Find the probability that the weights of these 2 long boards differ by more than 0.01kg
)]
A random sample of (n + 1) short boards is taken, with weights S, S,, S, ..., S,

The random variable T is defined as

n+l

T=nS -8,
r=2

Given that, to 4 decimal places, P(7T>2) = 0.0233

(c¢) calculate the value of n

()

Q‘\’/ﬂ'
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( )

8. The weights, Skg, of bags of sand are such that
S~N(18,0.03%)
Three bags of sand are selected at random.

(a) Using standardisation, calculate the probability that their total weight is more
than 54.1kg.

C))
The weights, Ckg, of bags of cement are such that
C ~N(25,0.03%)
Two bags of cement are selected at random.

(b) Using standardisation, calculate the probability that their weights differ by more
than 0.02kg.

6))
The weights, Pkg, of pallets are such that
P~N(15,0.2%)

The random variable T represents the total weight, in kg, of 28 bags of sand with 5 bags
of cement and a single pallet of weight P,

(c) Using standardisation, calculate the probability that 7" < 30P, + 190
(6)

Q‘\’/ﬂ'
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7. A company makes cricket balls and tennis balls. \'

The weights of cricket balls, C grams, follow a normal distribution
C ~N(160, 1.25%
Three cricket balls are selected at random.

(a) Find the probability that their total weight is more than 475.8 grams.
(C))

The weights of tennis balls, 7 grams, follow a normal distribution
T ~N(60, 2?)
Five tennis balls and two cricket balls are selected at random.

(b) Find the probability that the total weight of the five tennis balls and the two cricket
balls is more than 625 grams.

C)]
A random sample of » tennis balls 7;, T, T;, ..., T, is taken.

The random variable ¥ = (n—1)7, — Z T,

r=2

Given that P(Y > 40) = 0.0838 correct to 4 decimal places,

(c) find n.
®)

£
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e ™)
6. The weights of bags of carrots, C kg, are such that C ~ N(1.2, 0.032)
Three bags of carrots are selected at random.
(a) Calculate the probability that their total weight is more than 3.5kg.
4
The weights of bags of potatoes, R kg, are such that R ~ N(2.3, 0.032)
Two bags of potatoes are selected at random.
(b) Calculate the probability that the difference in their weights is more than 0.05kg.
)
The weights of trays, T'kg, are such that 7"~ N(2.5, N, 0.12)
The random variable G represents the total weight, in kg, of a single tray packed with
10 bags of potatoes where G and T are independent.
(c) Calculate P(G < 2T + 20)
Y
\ y,

Q\?ﬂ
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6. A baker produces bread buns and bread rolls. The weights of buns, B grams, and the
weights of rolls, R grams, are such that B ~ N(55, 1.32) and R ~ N(51, 1.22)

A bun and a roll are selected at random.

(a) Find the probability that the bun weighs less than 110% of the weight of the roll.
6))

Two buns are chosen at random.

(b) Find the probability that their weights differ by more than 1 gram.
(6)

The baker sells bread in bags. Each bag contains either 10 buns or 11 rolls. The weight
of an empty bag, S grams, is such that S~ N(3, 0.22)

(c) Find the probability that a bag of buns weighs less than a bag of rolls.
(6)

A
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7. A company produces bricks.

The weight of a brick, Bk, is such that B ~ N(1.96, \/0.0032)

Two bricks are chosen at random.

(a) Find the probability that the difference in weight of the 2 bricks is greater than 0.1 kg
)

A random sample of » bricks is to be taken.

(b) Find the minimum sample size such that the probability of the sample mean being

greater than 2 is less than 1%

6

The bricks are randomly selected and stacked on pallets.

. . 2

The weight of an empty pallet, Ekg, is such that £ ~ N(21.8, 70.6 )

The random variable M represents the total weight of a pallet stacked with 500 bricks.

The random variable T represents the total weight of a container of cement.

. P 2

Given that T is independent of M and that T ~ N(774, V1.8 )

(c) calculate P(47 > 100 + 3M)
)

\ y,

£
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R

5. Charlie is training for three events: a 1500 m swim, a 40 km bike ride and a 10 km run.

From past experience his times, in minutes, for each of the three events independently
have the following distributions.

S~N(41, 5.2?) represents the time for the swim
B~N(81, 4.2%) represents the time for the bike ride
R~N(57, 6.6%) represents the time for the run

(a) Find the probability that Charlie’s total time for a randomly selected swim, bike ride
and run exceeds 3 hours.

)

(b) Find the probability that the time for a randomly selected swim will be at least
20 minutes quicker than the time for a randomly selected run.

)
Given that P(S+B+R >1¢)=0.95

(c) find the value of ¢
3)

A triathlon consists of a 1500 m swim, immediately followed by a 40 km bike ride,
immediately followed by a 10 km run.

Charlie uses the answer to part (a) to find the probability that, in 6 successive
independent triathlons, his time will exceed 3 hours on at least one occasion.

(d) Find the answer Charlie should obtain.
3)

Jane says that Charlie should not have used the answer to part (a) for the calculation
in part (d).

(e) Explain whether or not Jane is correct.

2
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6. A potter makes decorative tiles in two colours, red and yellow. The length, Rcm, of the
red tiles has a normal distribution with mean 15cm and standard deviation 1.5cm. The
length, Ycm, of the yellow tiles has the normal distribution N(12, 0.82). The random
variables R and Y are independent.

A red tile and a yellow tile are chosen at random.

(a) Find the probability that the yellow tile is longer than the red tile.
“@

Taruni buys 3 red tiles and 1 yellow tile.

(b) Find the probability that the total length of the 3 red tiles is less than 4 times the length
of the yellow tile.

Q)

Stefan defines the random variable X = aR + bY, where a and b are constants. He wants
to use values of @ and b such that X has a mean of 780 and minimum variance.

(c) Find the value of @ and the value of b that Stefan should use.
Q)

£
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MARK SCHEME - IAL S3 (WST03) - January 2023 - Q7 S3.2a Linear combinations of normal variables < QUESTION

Question Scheme Marks
7 () Let P = time to serve a customer at a standard checkout
Q=R +PR,+P  [Q~]N(720,1200) B1
660-"720"
P(Q<660)=P| Z<t———— ||=P(Z<-1.732... M1
( ) ( n 1200 " j[ ( )]
=0.0418 (Calculator gives 0.04163...) awrt 0.041/0.042 Al
3)

ALT for the B1 M1
B1 for [Q ~]N(12,%j

11-"12"
vl

3
(b) Assume the time taken to serve customers is independent B1

M1 for P(Q<11)=P| Z <% =P(Z<-1732..)]

1)

) R = time to serve a customer at an express checkout
S=(R+R,+R)-(R +..+R)) [S ~]N(20,1648) M1 Al

0-20 J[: P(Z>-0492..)] M1

"\1648

=0.6879 (Calculator gives 0.6888...) awrt 0.688 /0.689 | Al
ALT | Forthe M1AIM1

M1 for N(lj

P(S>0):P(Z >+

3
Al forN(l,%
3 225

0_
M1 for i—%
225

" 1oy

4)
Notes Total 8

(a) B1 For N(720,1200) or N(lZ,%j Maybe awarded if used in standardisation

M1 For standardising using 660, their mean = 240 or 4 and their standard deviation = 20 or 3 If no

distribution given the mean and sd must be correct in the standardisation. Allow =+ stand
Al awrt 0.041 or awrt 0.042

(b) B1 A correct assumption. Must have context of customers or time and independence(allow random)

1
(c) M1 For N(x20, ....) or N (5 , j maybe awarded in standardisation

Al For N(x20, 1648) or N (% , %J maybe awarded if used in standardisation

M1 For standardising using 0 and mean of & 20 or % 1/3 and their standard deviation. The 0 may be
implied by having just the mean on the numerator Allow = stand
Al awrt 0.688 to 0.689

N
RA
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MARK SCHEME - IAL S3 (WST03) - June 2022 - Q6 S3.2a Linear combinations of normal variables < QUESTION

Question Scheme Marks
Number
M [ N(80,100) W T N(69, 25)
8@ | X oM, + M, + M, + M, + M, + M, +W, W, +W,
X U N(687,675) M1 Al
700 - 687
P(X >700)=P{Z >MJ=P(Z > 0.500...) M1
V675
(=1-0.6915) = 0.3085 (Calculator gives 0.3084) Al
(4)
(b) Let Y = Number of men in the lift
Y U N(80x,100x) M1
P(Y >700):P[Z >Mj<o.ozs M1
104/x
700-80 1 96 B1
104/x
80x + 19.6\/; —700[< O] ’ 6400x* —112384.16x + 490000[> 0] M1
Solving leading to \/; < 2.838... ’ Solving leading to X < 8.05... M1
So ¢ = 8 (people) Al
(6)
Notes Total 10
@ Bl for setting up normal distribution with mean 687
Bl for a correct variance (675) or for standard deviation (15\/5 )
M1 for standardising with 700, 687 and their standard deviation
Al for answer between 0.308 — 0.309
b ML for setting up normal distribution with mean 80x and variance 100x (may be implied by use of
(b) sd = 10\/§ ) Allow any letter
M1 for standardising with 700, their mean and their standard deviation (if not stated then these must
be correct)
B1 for an equation or inequality set = to 1.96 (Allow — 1.96)
M1 for a correct 3TQ ft their mean and standard deviation
for an attempt to solve their 3TQ with either JX <... or X <... Allow = instead of < Condone >
M1 or > If the answer is incorrect then we must see use of the quadratic formula/completing the
square (Allow one error)
Al cao

""
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MARK SCHEME - IAL S3 (WST03) - June 2023 - Q7 S3.2a Linear combinations of normal variables < QUESTION

Question Scheme Marks
Number
7 (a) E(X) =4x15-3x10[=30] M1
Var(X) = 4% x5% + 3% x 4°[= 544] M1
So X ~ N(30, 544)
40-"30'
P(X <40)=P| Z <——— || =P(Z2 <0.428... M1
(X <40) ( N ][ ( )]
=0.6664 (Calculator gives 0.6659...) awrt 0.666 Al
(4)
(b) E(A+B+D)=15+10+3x20 =[85] M1
Var(A+B+D) =5 +4° +3xo? =[41+307] M1
So A+B+D ~ N(85, 41+357)
P(A+B+D<76)= P[Z <ﬂJ: 0.242
\41+30?
So 9 -0.7 or 5 0.7 (Calculator gives —0.69988...) | M1 A1
41+ 30 J41+30° S
2
30° :[_—9j -41 dm1
-0.7
o =6.437... awrt6.44 | Al
(6)
Notes Total 10
@ M1 For a correct method to find E(X). May be implied by a correct standardisation
expression.
M1 For a correct method to find Var(X) Allow /544 oe or 23.32 or better. May be implied
by a correct standardisation expression.
M1 For standardising (i) using their mean and their variance
Al awrt 0.666
(b) M1 | For a correct method to find E(A+ B+ D)
M1 For a correct method to find Var(A+ B+ D)
ML For standardising (ir) using their mean and their standard deviation which is in terms of
o’ and setting equal to —0.7 or better. Allow +0.7
Al For the correct equation
dM1 Dependent on the previous M mark. For squaring and rearranging leading to an equation
in o’
Al awrt 6.44 (Do not award if previous A mark was not awarded)

RA
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MARK SCHEME - IAL S3 (WSTO03) (unused paper) - January 2022 - Q7 S3.2a Linear combinations of normal variables
Question
Number Scheme Marks
7 (a) | Let Xrepresent B +B, —C,
X [0 N(0.268,0.015633) awrt 0.0156 M1 Al
0-0.268
P(X<O):P(Z<— =-2.14 j Ml
x/"0.015633"( )
(=1-0.9838) =0.0162 Al
“4)
(b) Let Yrepresent 2.5B8, +3C, +3C,
Y 0 N(6.918,0.071478) awrt 6.92, 0.0715 M1 Al
7-"6.918"
P(Y>7):P(Z>— :0.31) M1
\/"0.071478"( )
(=1-0.6217) = 0.3783 (Calculator gives 0.3795...) 0.378 —0.380 | A1
“4)
(c) Mean = 2.94w Bl
Standard deviation = 0.084v/5 w (= 0.188w) Bl
2)
6—-2.94w
—, —1.2816 .

@ | 0.0845 w M1;Bl
—1.2816><0.084\/§ w+2.94w ...6 dM1
w...222... Sow=223 Al

4
Notes Total 14
7 (a) M1 for setting up normal distribution with mean 0.268
Al for a correct expression for variance (= 0.015633) or for standard deviation (= 0.125...)
M1 for standardising with 0, 0.268 and their standard deviation
Al awrt 0.0162 (Allow awrt 0.0160 as this comes from a calculator)
(b) Ml for setting up normal distribution with mean awrt 6.92
Al for a correct expression for variance (= 0.071478) or for standard deviation (= 0.267...)
M1 for standardising with 7, 0.071478 and their standard deviation
Al for answer between 0.378 — 3.80
(c) B1 for 2.94w
Bl | for 0.084V5w or  awrt 0.188w
(d) M1 for standardising using their mean and their standard deviation = z where 1 < |Z| <15
B1 for -1.28
dM1 dependent on M1, for solving their inequality
Al awrt (£)2.23

RA
57

< QUESTION




< QUESTION

(b)

(©

M1 2x Var(S)+ Var(L)
Al 85.39 (allow 85.4)

Question Scheme Marks
Number
7. (@) | a=2x180-330=30 B1
b=45?x2+6.72 =85.39 M1 Al
3)
(b) | X =L-1.8S
E(X)=330-1.8x180=6 M1
Var(X) =6.7% +1.8° x4.5? =110.5 M1 Al
0-6
P(X>0)=P| Z >
(X>0) ( \/110.5J "X'll
P(Z >-0.57)=0.7157 (5)
() T-s S, +8,+S, _25,-5,-S;
1 3 3 M1 Al
E(T)=0 M1
— 1 2 2 2 2\ _ 6 2\ _
Var(T) _5(2 x45° +457 +45 )_5(4.5 )=135 M1
5-0
P(T>5)=P|Z> M1
r>9= (2> )
P(Z >1.36) = 1-0.9131 = 0.0869 Al
(6)
d
(a) | B130cao

15t M1 Seeing or using E(X) = 6 or correct expression for mean
2 M1 Var(L)+1.8*Var(S) (condone mixing variances for M1)

1t Al for 110.5 (allow 65.61 + 6.7%)
31 M1 standardising with their mean and s.d. leading to a probability p > 0.5
2 Al awrt 0.716 [calc: 0.7159262...]

. . . N = S5 +S,+5S
1t M1 realising the need to write as a single distribution using S = %

1AL for 227275

2" M1 Using mean =0

31 M1 using Var(aS) = a?Var(S)

4™ M1 standardising with their mean and sd

2" A1 awrt 0.0868 to awrt 0.0869 [calc: 0.08678...]

Note: Assuming S, and S are independent, leads to E(T) = 0, Var (T) = 27, P(T > 5) = 0.167...
scores MOAOM1MOM1AQ




MARK SCHEME - IAL S3 (WST03) - January 2025 - Q7 S3.2a Linear combinations of normal variables < QUESTION

Question

Scheme Marks
Number
7 (a) W=8+8,+S,+L+L,+L,+L,
W N(3x7.7+4%20,3x0.01 +4x0.02*) So I [ N(103.1,0.0019) M1 Al
103.15-'103.1'
P(W >103.15)=|P| Z>————"" |[=P(Z >1.1470... M1
(P07 >10319)Jp[ 2> P p o =Pz 11470,
[1-0.8749]=0.1251  (Calculator gives 0.12567...) awrt 0.13 | Al
4)
(b) |LetY=L L,
YIN(0,2x0.02*) So ¥ N(0,0.0008) M1 Al

P(bo.m—'o'J or P(Z<—o.01—'o'j Ml
'J/0.0008" 'J/0.0008"

2% (1 — 0.6368) =0.7264 (Calculator gives 2 x 0.36183...) awrt 0.7240 0.726 | M1 Al
®)
© | TON(u.0%)
,u:7.7n—7.7n[: 0] M1
o’ =0.00017" +0.0001n M1
2-'0'
= =1.99 Ml Bl
V'0.00015> +0.00017"
0.00017*> +0.00017—1.01[00755...] =0 dM1
n=100 Al
(6)
Notes Total 15
(a) M1 For setting up a normal distribution with a mean 103.1

For a correct expression for variance (0.0019) or standard deviation (0.04358...) Implied by a
correct variance or a correct standard deviation
M For standardising using 103.15, their mean and their standard deviation

If their mean and/or their standard deviation/variance are incorrect then working must be shown
Al awrt 0.13

(b) M1 For L, — L, May be implied by a correct mean or variance
Al For N(O, 0.0008)

Al

For standardising using 0.01, their mean and their standard deviation (May be implied by awrt
0.6368 or awrt 0.3632 or awrt 0.3618 or awrt 0.6382)

Ml For 2 times p where 2p is a probability (Calculator gives 2 x 0.36183...)

Al For answers in the range awrt 0.724 — awrt 0.726

M1

(©) M1 For a correct expression for ¢ Implied by a mean of 0
M1 For a correct expression for o
For standardising using 2, their mean and their standard deviation and set = to a z value where
M1
1.95<z|<2
B1 awrt 1.99 seen or used

Dependent on 2™ M1. For rearranging to get a correct 3 term quadratic e.g. n” +n—10101 or

n’ +n-10102
Al cao (Must reject —101 if found)

dM1

R
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MARK SCHEME - IAL S3 (WST03) - June 2025 - Q8 S3.2a Linear combinations of normal variables < QUESTION

Question

Number Scheme Marks
8(a) X=8+S,+5S,
[X O]N(54,0.0027) ore.g. [E(X)=]54, [Var(X)=]0.0027 M1 A1
54.1-'54'
P(X >54.1)=]|P — — __|[=P(Z2>1.924... M1
[P(x>543)-Jp 2> 8 P2 >1020.)]
[=1-0.9726]=0.0274 (Calc 0.02714...) awrt 0.027 | Al
(4)
(b) Y=C-C,
[Y 1]N(0,0.0018) ore.g. [E(Y) =]0, [Var(X)=]0.0018 M1
L002-'0
Y >0.02)=|P ————|[=P(Z>0.4714... M1
[p(v>002)Jp| 25+ 4E 0 [ ]
[=1-0.6808] =0.3192(Calc 0.31867...) awrt 0.319 | A1

2% P(Y > 0.02) =2x'0.3192"'=0.6384 (Calc 0.63735...) awrt 0.637 - awrt 0.638 | M1 Al
(©)

(c) T=R+C +..+4C,+S +...+S5,
Let R=T-30P,=C, +..+4C,+S,+...+5,, —29P, (ore.g. Q=T —30F, -190) M1 Al
[RU]N(194,33.6697) or e.g. [E(R) =|194, [Var(R)=]33.6697 (or N(4,33.6697)) | M1 Al

190 194"
p R<190 p P < —0.68935... ore.g. P(QO<0 M1
[P )=] ( 336697 J[ )] (oreg. P(Q<0))
[=1—0.7549] =0.2451 (Calc 0.2453...) awrt 0.245 | A1
(6)
Notes Total 15

(@) M1 | For N(54, ...) oe seen or used. May see e.g. [E(X) =] 3x18. Implied by awrt 0.027

For N(54, 0.0027) oe seen or used (Standard deviation (0.05196...) May be seen in their
standardisation. The unevaluated expressions for p and o can score

For standardising with 54.1, their mean =18 or 6 and their standard deviation = 0.03 or 0.0027
(if their mean/or their sd/var are incorrect then working must be shown. Allow + stand

Al awrt 0.027 provided standardisation seen

M1 For N(0, 0.0018) oe seen or used e.g. seen in their standardisation. The unevaluated expressions
for pand o can score. Implied by awrt 0.319 or awrt 0.637— awrt 0.638

M1 For standardising with 0.02, their mean and their standard deviation = 0.0018. Allow + stand
Al awrt 0.319 provided standardisation seen. May be implied by their final answer

M1 For 2 x their 0.319 provided their probability of “0.319” is < 0.5 Imp by correct prob statement
Al Dep on all previous method marks scored and standardisation seen awrt 0.637— awrt 0.638
(c) For sight or use of T —30F, may be implied by sight of 194 oe or awrt 33.7 oe. May attempt
M1 T —30P, —190 May be implied by sight of 4.

Al for C,+..+C,+S, +...+S,, —29P, oe May be implied by sight of awrt 33.7.

M1 For N(194, ...) oe seen or used. May be unsimplified. (or N(4, ...))

Al For N(194, 33.6697) oe seen or used. The expressions for pand o can score. (or N(4,33.6697))
M1 For standardising with 190, their mean and their standard deviation = 33.6697 . Allow + stand
Al Dependent on all previous marks scored for awrt 0.245 provided standardisation seen

Al

M1

(b)
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MARK SCHEME - IAL S3 (WSTO03) - October 2020 - Q7

S3.2a Linear combinations of normal variables

Al awrt 0.974
(b) M1 for setting up Normal distribution with mean 620

M1 standardising with 625, 620 and their standard deviation
Al awrt 0.149

Al correct expression for u

M1 for use of a@* x4+ax4

Al correct expression for o
M1 standardising with their mean and their sd = z where 1< |z| < 1.5
B1 awrt 1.38

Al for correct expression for variance (= 4.6875) or for standard deviation (= 2.165...)
M1 standardising with 475.8, 480 and their standard deviation (their standard deviation # 3.75)

Al for correct expression for variance (= 23.125) or for standard deviation (= 4.8088...)

(c) M1 for a single combined normal distribution (may be implied by a single standardisation)

Question
Number Scheme Marks
7.
(a) C,+C,+C, ~N(480, 3x1.25%) M1 Al
P(C,+C,+C, >475.8)=P| 2> 2287480 _ ) o4 MI
3x1.25°
= awrt 0.974 Al
“4)
(b) W=ﬂ+E+E+ﬂ+7;+C]+CZ~N(5><6O+2><160,5><22+2><1.252) Ml Al
P(W>625):P(Z >M(:1.03975...)j Ml
\23.125
= awrt 0.149 Al
4
© |Y=m-DL-XT,
r=2
Y~N(u , ")
H=mn-1)x60-(n—-1)x60[=0] M1 Al
o’ =(n—1) x4+ (n—1)x4 [=4n’ —4n] M1 Al
40-0
- 1.38 MI Bl
N4n® —4n
4n® —4n—840(.159..)=0 dM1
n=15 Al
®)
Total 16
Notes
(a) M1 for setting up Normal distribution with mean 480

dM1 solving their 3TQ (working must be shown if answer is incorrect) (dependent upon 2°¢ M1)
Al 15 cao (must reject —14 if found). Must come from compatible signs in standardisation.
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MARK SCHEME - IAL S3 (WSTO03) - June 2024 - Q6 S3.2a Linear combinations of normal variables < QUESTION

Question
Number Scheme Marks
6(a) E(C+C+C)=3.6 oe Bl
Var(C + C + C) = 0.03% + 0.03% + 0.03? [= 0.0027] M1
3.5-"3.6"
PC+C+C>35)=P|Z>|+t—————|[=-1.9245... M1
( ) ( [ "0.00Z?"j[ ]]
=0.9726 (calc 0.97285...) awrt 0.973 | Al
(4)
(b) E(R-R)=0 M1
Var(R - R) = 0.03? + 0.03% [= 0.0018] M1
0.05-"0"
P((R-R)>0.05)=P| Z >| ——— |[=1.1785...
((R-R)>008) =P 2> 5200 i -v.08s. ) ”
[=0.119 (calc 0.119296...)]
2xP((R-R)>0.05)=2x"0.119" M1
= (0.238 table or 0.23859...calc awrt 0.238/0.239 | Alcso
(©)
(©) Hg =2.5+10%x2.3[=25.5] M1
o’ =0.1+10><0.032[= 0.109] M1
LetX=G-2T M1
fy ="25.5"-2x2.5[=20.5] M1
o’ ="0.109"+4x0.1[=0.509] M1
20-"20.5"
P(G-2T <20)=P Z<—[:—0.7008...]j M1
( ) ( "0.509"
= 0.242 (table) or 0.2417... (calc) awrt0.242 | Al
(@)
Notes Total 16
() B1 Correct value for E(C + C + C) may be seen e.g. ?m implied by later calculation
M1 Correct method to find the variance. Condone 0.03* instead of 0.03% may be implied by
calculation or awrt 0.973
I . . 3.5-"3.6" N
M1 Correct standardisation using their mean and sd. Allow +—————may be implied
g 7/"0.0027" Y P
by P(Z >awrt—1.92) or P(Z <awrt1.92)or awrt 0.973
Al awrt 0.973 do not isw
(b) M1 for 0 may be seen or implied by later calculation
M1 correct method to find Var(R — R) may be implied by 0.0018 or % or a later
calculation. Must be a numerical value or expression.
M1 Correct standardisation using their mean and Var Allow +
M1 2 x “their 0.119”
Al awrt 0.238
© M1 Correct method for finding the mean of G may be implied by 25.5 or later work or sight
of 20.5 (or may subtract 20 so 0.5)
M1 Correct method for finding the var of G may be implied by sight of 0.109 provided this
is not to find the variance of 10R—T . May be implied by 0.509

&
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< QUESTION

M1 Realising they need to find = (G - 2T) . Allow £ (G — 2T — 20) may be seen as part of
a probability expression or implied by their calculation

M1 Correct method for finding the mean of X which may be from using their mean of G
(which must be correct if no method or value is seen) Allow 0.5

M1 Correct method for finding the var of X which may be from using their variance of G
(which must be correct if no method or value is seen) may be implied by 10x0.03? +0.5 or
0.509

M1 Correct standardisation using their mean and standardisation for G — 2T (condone

G —T ) leading to a probability < 0.5 Allow 0 — “0.5” for numerator for correct use of 20
with their “20.5” and their “0.509”

Al awrt 0.242 from a correct distribution

Note candidates who attempt 10R+T < 2T + 20 =10R—T < 20 can score maximum
M1MOMOM1MOMZ1AO (the first method mark is implied by the fourth method mark)




< QUESTION

Question
Number

Scheme

Notes

Marks

6(a)

W =B-1.1R

May be implied by
correct mean or
variance

Ml

W ~N(55-1.1x51,1.3> +1.1x1.2) or
W ~N(-1.1,3.4324)

(1)1.1, awrt 3.43

(may be seen in
standardisation)

Al, Al

P(W <0) =P(Z<

0+1.1 j
J3.4324

Standardising with
their mean and

their sd. leading to
a probability > 0.5

Ml

=P(Z<0.5937..)

=0.7224 or 0.7237

awrt 0.72

Al

®)

6(b)

X=B-B,

May be implied by
correct mean or
variance

Ml

X ~N(55-55,2x1.3")  or X ~N(0,3.38)

0,3.38

Al Al

1-0 -1-0
P|Z>—| or P|Z<—
[ x/3.38j ( \/3.38)

dep on 13 M1 for
standardising with
their mean and
their sd.

dM1

P(X|>1)  =2xP(X>1)

For 2 xseen or
implied

Ml

=2xP(Z>0.5439...) =2x(1-0.7054)

2x0.2946 or
2x0.2932 (calc)

=0.5892

awrt 0.59

Al

(6)

6(c)

V=B+B,+B+B,+B;,+B,+B,+B;+B,+B,+S
Y=R+R,+R,+R,+R+R+R, + R +R,+ R+ R, +S

May be implied by
either correct
distribution

Ml

V ~ N(553, 16.94) and Y ~ N(564, 15.88)

Both correct

Al

D=Y-Vso
D ~N{1x51-10x55, 11x1.22+10x1.32+2x0.22) or
D ~N(11, 32.82)

Attempt at their
difference for the
mean, and their
sum for the
variance.

Ml

()11 and awrt 32.8

Al

P(D>0)

0-11
=P| Z>—=
( x/32.82j

dep on 13 M1 for
standardising using
their mean and
their standard
deviation leading to
a probability > 0.5

dM1

—P(Z>-1.920...)

=0.9726

awrt 0.973

Al

(6)

Total 17
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I%Efrjggf Scheme Marks
7@ | E(B,-B,)=0 Bl
Var (B, - B,)=0.006 Bl
P(|B,-B,|>0.1)=2P(B,-B,>0.1) Ml
0.1
=2xP| Z>—||=2xP(Z >1.2909... Ml
( "0.006H] I: ( )]
=0.1967... awrt 0.197 Al
(6))
(b) B~ N[1.96, 0'003] Bl
n
P(B>2)=P 7522196 | <001 Mi
[0.00%
n
27196 5 3263 Bl
[0.003 M1
n
n=11 Al
(©)]
(©) y =21.84500%x1.96[=1001.8] ; o,,° =0.6+500x0.003[=2.1] M1 ; M1
Let X=4T-3M Ml
fy =4xT74-3x"1001.8"[=90.6] ; o,’ =16x1.8+9x"2.1"[=47.7] M1 ; M1
100-"90.6"
P(4T - 3M > 100 )=P| Z > ——————||=P(Z >1.361... M1
( R G )
=0.0869 (table) or 0.08675... (calc) Al
()
Total 17
(@) B1 For expected value being 0 written or used

B1 For 0.006 being written or used for Variance
M1 | Realising they need to consider both
Correct standardisation using their 0.1 and 0.006 If the expected value and/or standard deviation
M1
not stated then they must be correct
Al awrt 0.197
(b) B1 The correct distribution written or used

M1 | Correct standardisation. Allow using their distribution if stated but must contain \/; for sd
B1 | Using awrt 2.3263
dM1 | Dep on previous M being awarded using a z value, 2 <z <3
Al 11
(c) M1 | Correct method for finding the mean of M
M1 | Correct method for finding the var of M
M1 | Realising the need to find 47— 3M or 47 —-3M — 100 or 100 + 3M — 4T
M1 | Correct method for finding the mean of X' (using 47—3M —100= —9.4 or 100 +3M —4T=9.4)
M1 | Correct method for finding the var of X'
Correct standardisation using their mean of X and their standard deviation of X If these are not
M1
stated then they must be correct
Al | awrt 0.0869 or 0.0868




MARK SCHEME - IAL S3 (WSTO03) - January 2022 - Q5 S3.2a Linear combinations of normal variables < QUESTION
Qu. No. Scheme Marks
5(a) Let 7'= total time taken
T ~N(41+81+57,52° +4.2° +6.6") [So T ~N(179, 88.24) ] Ml Al
( 180 - 179)
P(T>180)=P| Z > —— Ml
V88.24
=1-0.5438=10.4562 (calculator gives 0.4576...) awrt 0.456 to 0.458 M1 Al
5
(b) Let Y = difference between run and swimor LetD =R—S5-20 e
Y ~ N(16,70.6) or D ~ N(-4,70.6) Bl
P(Y>20)=P(Z>20_16) or P(D>0)=P(Z>O_(_4)) M1
V706 V706
=1-0.6844=0.3156 (calculator gives 0.3170...) awrt 0.316/0.317 M1 Al
“
P(T>t)—095:>P(Z>t_179j—095:>t_179— 1.6449 M1 BI
© ' Jss24) T T fss2a
t=163.548... awrt 164 Al
3)
(d) Let X = the number of times greater than 3 hours in 6 attempts
X ~B(6,"0.456") BIft
P(X2l):l—P(X=O)=l—”O.5438"b P(X>l):l—P(X:0)=1—"0.5438"6 M1
=0.9741... (using the calculator value gives 0.9745...) awrt 0.974/0.975 Al
3
(e) eg The times for each event are not now likely to be independent M1 =
Jane is correct / calculation is not valid Al (2
Notes Total 17
(a) M1 for setting up a normal distribution with a mean 41 + 81 + 57 (= 179)
Al for a correct expression of variance implied by (variance =) 88.24 or for s.d. = awrt 9.39
M1 for standardising with 180, their mean and their standard deviation
M1 useof 1 —p with0.5<p<1
Al awrt 0.456 to 0.458
(b) B1 For N(£16,70.6) or N(#4,70.6) May be seen in a calculation
M for standardisati'on with + 20 or 0, their mean and their s.d.(their var must be > 0)
must be compatible e.g. — 20 with —16
M1 useof 1 —p with0.5<p<1
Al awrt 0.316/0.317
(c) M1 for standardising using their mean and standard deviation =z value 1 <|z| <2
B1 for correct z value + 1.6449 or better. Must have compatible sign with standardisation
Al awrt 164
(d) Bift | for writing or using B(6,'0.4562") ft their answer to part (a) to 3sf
M1 | Use of P(X>1)=1-P(X =0) [=1-(1—their(a))’]
allow P(X>1)=P(X =1)+P(X =2)+...+ P(X = 6)
Al awrt 0.974/0.975
© M1 Reference to the events no lgnger being independent (h§ might get tired after each event or
events now follow consecutively)/ calculation does not include time between events
Al Correct conclusion (Jane is correct) with corresponding reason
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MARK SCHEME - IAL S3 (WSTO03) - January 2021 - Q6 S3.2a Linear combinations of normal variables
OLCHI Scheme Marks
Number

6. (@) |LetD=Y—R then E(D)=-3 ; Var(D)=0.8"+1.5" or1.7° or2.89 B1, M1
P(D>0)= P(Z>01_7_3) or P(Z>1.7647...) MI
=0.03880655... or 1-0.9608 =0.0392 awrt 0.039 Al
4)
2 2
(b) (R1+R2+R3)~N(45,\/3><1.52 ) ; 4Y~N[48, 4°x0.8° ) MI1A1A1
L=4Y—(R +R, +R,) :>L~N(3,\/16.992) MIAI
P(L>0)= P(Z > 03 J or P(Z>0-0.7278...) [use 0—0.73 intables] | dM]1
+16.99
=awrt 0.767 Al
(7
(¢) | E(X) =780 gives 15a + 12b = 780 MIAl
[Var(X) =] 1.5° xa® + 0.8> x b Ml
Sub for a: Var(X) =2.25(52 —0.8b)2 +0.64xb> or 2.08h> —187.2b+ 6084 Ml
%[Var(X)]zo — 4.16b-187.2=0 M1
b=45 Al
So a=52-0.8x45 =52 -36 a=16 Al
(7
[18 marks]
Notes

()

(b)

©

B1 for E(D)=-3 (or+3ifusingR-Y) and

15t M1 for Var(D) = 0.8> + 1.5% o.e.

2 M1 for attempt at P(D > 0) must standardise with their — 3 and their 1.7 and inequality

Al for awrt 0.039
1" M1 for correct mean or variance for either R +R, + R, or4Y
1Al for (R1+R2+R3)~N(45,\/6.752)

2" M1 for attempting a suitable L (condone 3R — 4L etc)

Must have L with mean of + 3 and &= “6.75” + “10.24” = (4.1218...)

24 AT for 4Y~N(48,«/10.242)

3" Al for a correct mean and variance. Sight of N( + 3, 16.99) scores 1% 5 marks
3 dM1 (dep on 2™ M1) for attempting a prob (—>ans > 0.5) using g, = + 3 and their o,

4" A1 for awrt 0.767 (Calc: 0.7666384... or tables 0.7673)

18 M1 for an attempt to use E(X) = 780 must see a linear equation in a and b using 780

1Al for 15a+12b=7800.e. e.g. Sa+4b=260 or a+0.8b=>52 etc

2" M1 for an attempt to find an expression for Var(X) (condone a and b wrong way around)
34 M1 for forming a quadratic expression for Var(X) in terms of a or b only (MO for =%, k # 0)
4" M1 suitable method for finding min (e.g. differentiation, or completing square or calc)

e.g. 13(a® ~32a+832)[3" M1] then k[(a—16)2 +m}would score 41 M1

2 Al forb=45 or a=16
39 Al forbothh=45 and a=16

for 1% 4 marks

Correct answers should be accompanied by evidence
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