S1 Discrete Random Variables Questions ANSWERS (88 marks)

June 2011
(a) a=0.1|BI1
[F(3)=F2)+P(Y=3)=(05+0.3)]
d=0.8 Bl
b=F(2)-a=05-0.1 or a+b=05 M1
b=04 Al
c=1-FB3)orl-(a+b+03) or a+b+c=07
c=
02 Al
5)
(b) P3Y+2=8)=P(Y=2) or 1-P(Y<1) M1
=b+03+c¢ or 1-a =09 Alft
(2)
7
Notes
Correct answers with no (or irrelevant) working score full marks
(a) 1Bl fora=0.1
24B1  forF(3)=08o0rd=028
Ml for a method for b or c. E.g. sightofa+b=050ra+b +¢=0.7
If their values satisfy one of these equations then score M1 provided their
values
are genuine probabilities (1.e. 0 <p < 1)
This M1 may be implied by a correct answer for b or ¢
1" Al for b or P(2)=0.4
2** A1 forc orP(3)=0.2
(b) M1 for rearranging to P(Y = 2) or 1 - P(Y'< 1) or selecting cases Y'=2, 3 and 4
Alft for 0.3 + their b + their ¢ or 1 - their a, provided final answer < 1 and their
values are probabilities.
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(a) 1=p+(025+025+02+02), = p =4 or0.1 MI. Al
(2)
(b) E(S)=++2x1+4x1+5x1 (or equiv. in decimals) =2.55 M1, Al
(2)
. 242 g2 ,
(©) E [sf]:i+2—+4—+5— or 025+1+32+5 =945 (%) ML Aleso
4 4 5 5
(2)
) Var(S) = 9.45 —(E(S))’. =2.9475 or % (accept awrt 2.95) | M1. Al
(2)
() P(5and5)= (1) = L or0.04 ML Al
(2)
_ (1% _ 3 M1. M1
® P(4.4.2) = (%j x1x3 ( =0.03 or 35)
P@.4.4) =(1) (=0.008 or L) Bl
P(Tom wins 1n 3 spins) = 0.038 Al
(4)
(@ |P(3n35n5)+P(5n35n3)=2x(1) x2 =0.064 or 5 M1, MI. Al
(3)
17
Notes
(a) M1 for clear attempt to use sum of probabilities = 1 (fractions or decimals) Ans only 2/2
(h) M1 for at least 2 correct terms (= 0) of the expression. 2.35 with no working scores M1A1
Any division by & (usually 5) in (b) or (¢) or (d) scores MO
(c) M1 for at least 3 correct, non-zero terms of the expression seen, allow decimals.
Alcso for the full expression (with 9 43) seen. Must be cso but can ignore wrong p.
(d) M1 for a correct expression (945 seen), can ft their E(S). May see z(x—”ﬁ_ﬂﬁ"): xP(X =x)
Al accept awrt 2.95 Answer only can score M1 for correct ft and Al for awrt 2.93
Answer anly in (e) and (f) is full marks, in (g) is no marks
(e) M1 for {%\]1 Condone P(5)=xP(5)=0.25x0.25. [Beware 0.4 15 A0]
® | 17MI for (1) x1 or 0.01 seen
2*4 M1 for multiplying a p°g probability by 3(p, g (0.1)). Bl for (0.2)° or better seen
(g) 1¥ M1 for 4x (l}l or all cases considered and correct attempt at probabilities.

5
2% M1 for multiplying a p~(1— p) probability by 2. Beware (0.4)°= 0.064 is MOMO0AD
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@) | k+ 2k+ 3k+ 4k=1 or 10k=1
k= 0.1 (*) [allow verification with a comment e.g. “so £=0.1"] | Blcso
(1)
(b) | E(X)=1x0.14+2x0.2+3x0.3+4x0.4=3 M1 A1
(2)
(€) | E(X?)=1x0.1+4x02+9x03+16x0.4=10 M1 A1
(2)
(d) | Var(X)=10-9(=1) M1
Var(2-5X) =5 Var(X) =25 M1 A1
(3)
(®) | P(13)+P(2.2)=2x0.1x03+02x02=0.1 (*) M1 Alcso
(2)
| 1 n+5 2 3 4 5 6 7 8 B1 B1
p 001 004 |01 |02 [025 [024 |0.16 (2)
(8 | P(2)+P(3)=0.05 M1A1
(2)

[14]
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Q3 (a) 2a+ %+ﬁ =1 (or equivalent) M1
ia L 0.25
=— or (.25 Al
4
d (2)
(b) | EC)=1 B
(1)
N
(©) | B(x?) =1xd+1xb +axt 405l (=3.1) Mi
V:{I{ﬂ=3.l—l}. =210r — oe M1 A1
- (3)
(d) | Var(¥) = [—z}lvar(XJ, =8.4 or E_e M1 A1
= (2)
(e) | x= FwhenX=3 or2. so probability = "%"+% M1 Alft
= 3508 Al
— (3)
Total 11
(a) | Mifor a clear attempt to use ZP{X =x)=1

(d)

(e)

Correct answer only 2/2.
NB Division by 5 in parts (b), (c) and (d) seen scores 0. Do not apply ISW.

Bl for 1

1M1  for attempting E x*P(X =x) at least two terms correct. Can follow through.

2% M1 for attempting E( Xz:l —[E(X)]l or allow subtracting 1 from their attempt at E( X * ) provided no

incorrect formula seen.
Correct answer only 3/3.

M1 for (—2)° Var(X) or 4Var(X)
Condone missing brackets provided final answer correct for their Var(X)
Correct answer only 2/2.

4

Allow M1 for distribution of ¥ = 6 — 2.X and correct attempt at E( YE) —[E(T)]

M1 for identifying X=12_ 3
1" Alft  for attempting to find their P(X=2) + P(X=3)
22 A1 for 55 or0.45
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Q6 (a)

(b)

(c)

(d)

(f)

0|1 [2]3
3a|2ala]|b
3a+2a +a+b=1 or equivalent, using Sum of probabilities =1
2a +2a+3b=16 or equivalent, usmmg ECY)=1.6
l4a=14 Attempt to solve
a=01 cao
h=04 cao
P(05<x<3)=P(1)+P(2) 3a or their 2a-+their a
=02+01
=03 Require 0<3a<1 to award follow through
E(3X—2)=3E(X)— 2
=3x16-2
=213 cao

E(X)=1x02+4 x01+9 x04(= 42)
Var (X)=“4.2"-16"
=1.64 **given answer** cso

Var(3X—2) =9 Var (X)
=14.76 awrt 14.8

B1

M1
M1

Mldep
B1
B1

M1

Al Tt

M1
Al

M1
M1

Al

M1
Al

(1)

(3)

(2)

(2)

(3)

(2)
[15]

Hotes

6(a) Condone a clearly stated in text but not put m table.

6(b) Must be attempting to solve 2 different equations so third M dependent upon first
two Ms being awarded.

Correct answers seen with no working B1B1 only, 2/5

Correctly verified values can be awarded M1 for correctly verifymg sum of
probabilities =1, M1 for using E(X)=1.6 MO as no attempt to solve and B1B1 if
answers correct.

6(d) 2.8 only award M1A1

6(e) Award first M for at least two non-zero terms correct. Allow first M for correct
expression with a and b e.g. E(¥) = 6a+9b

Given answer so award final A1 for correct solution.

6(f) 14.76 only award M1A1
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3 2 v
3@ |5 2%k 1 _k_ M1
"1 21 21 21
12+3k _,
21
k=3 *AG required for both methods Al
(2)
(b) 11
21 Bl
(1)
© 5 6 7 1
E(X) = x_1+3><—1+4xﬁ+6><— 1
=3 1 or ial or awrt 3.52
21 21 Al
(2)
(d) 2y _ ~2 5 1, 0 1, ! 1,1
EXx)=2 ><§+3 x§+4 xﬁ+6 xF MI
=14 Al
(2)
(e) 11
ar{X}—H—|3 I M1
7
=1 =1 or Em awrt 1.6
44 441 Al
Var (7X-5)= 7" Var (X) M1
= ??E or &8 or awrt 77.6 Al
9 9 ‘
(4)
Total 11
NOTES
(a) M1 Award for verification. Sub in k=3 and show > xP(X = x)=1. Require at least
three correct terms seen or line 2 of scheme.
Al Correct solution only including verification.
() B1 Award for exact equivalent.
(c) M1 At least two correct terms required for method, follow through “their & for
method. Correct answer only, award M1 Al
(d) M1 At least two correct terms required for method. MO of probability 1s squared.
Correct answer only, award M1 Al Accept exact equivalent of 14 for Al
(e) M1 for use of correct formula m 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.
If a new table for values of ]‘X S51sused, so Y=TX -

.I:I
E(F)= 2751 Var(Y) = ?? or o8 or awrt 77.6 Award M1A1; M1A1
21 9

If anv attempt to divide by 4 seen as part of working award MO for that part.
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N.B. Part (a) doesn’t have to be 1n a table, could be a st P(X=1) = ._etc | B1. B1. Bl

3.(a)
X 1 2 3 4 5 6
I N B R R T
PX=x)| 36 | 36 | 36 | 36 | 36 | 36
0.0278. 0.0833. 0.139, 0.194. 0.25.0.306  (Accept awrt 3 s.£) )
() | P(3)+ D)+ P(5) =, %m’% or awrt 0.583 MLAL ()
1 3 161 : -
(© | EX)=—+2x—+...= — or 4472 or 45 MI1. Al (2)
36 36 N
2 1 : 3 791 : -
(d) |[E(X")=—+2"x—+_...= — or full expression or 213z or awrt 21.97 M1, Al
36 36 36
791 (161 T
W =——— , =19714... F M1, Alcs.o (4
ar(®) 36 8 36, @
(&) | Var(2—3X)=9%197 or (-3’ x197, = 17.73 awrt17.7 or 35 |M1LA1  (2)
[ 13 marks
_ T 3 5
(a)| 1"B1 forx=1, ... 6 and at least one correct probability N.B. £ = and o=+
2™ B1 for at least 3 correct probabilities
3 B1 for a fully correct probability distribution.
(b)| M1  for attempt to add the correct three probabalities, ft their probability distribution
(c)| M1  fora comect attempt at E(X). Minmimum 1s as pnnted. Exact answer only scores M1A1.
[Division by 6 at any point scores MO, no ISW. Non-exact answers with no working score MO ]
(d)| 1¥ M1 for a comrect attempt at E(X™). Minimum as printed. % or awrt 21 .97 scores MIAL
2% M1 for their E(X?)~ (their E(X))"
s 2 o
2™ A1 cso needs awrt 1.97 and Pl E} or 2555 or any fully correct expression seen.
36 | 36) 1296
_ 791 161 161}
Can accept at least 4 sf for both. 1e. 21 .97 for — . 4472 for — _ 20.00 for —1 )
36 36 36
(e)] M1  for correct use of Var(aX + &) formula or a full method.
NB  —3"x1.97 followed by awrt 17.7 scores M1A1 BUT —3°x1.97 alone, or followed by
—17.7, scores MOAD.




