EdExcel Statistics 1

The Normal Distribution

Section 1: Introduction to the Normal distribution
Solutions to Exercise

1. X ~ N(14+4, 52)

X —144
Z = ~N(o,1)
, 150 — 144 _
i) xX=150 => ==
P(X <150) =P(Z < 1. :2)
=d(1.2) u=144 AX=150
= 0.2249 z=o 2712
. 146 —144
() X=146 =DZ2=——""=04
5
P(X >146) =P(Z >0.4)
=1-P(Z<0.4)
=1 -®(0.4)

v ‘\
=1-0.6554 U=144 X=146
=0.3446 z=0 Z=o4

136 —144
(i) x=13¢ DzZz="-—"—"=—106

- |
P(X >136) =P(Z>—-1.6)

=P(Z<1.6)

=d(1.6)

=0.9452 X=136 U=144

, 140 —144
iv) XxX=140 =>D=Zz=——""—"=-0.2
5

P(X <140) =P(Z <—-0.8)

=1-P(Z<0.8)
=1-®(0.8)
=1-0.78%1
=0.2119

Z=-0. 8 Z=0
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2. X~ NE2% 0.752)

—12.
Z = u —~ N(O, 1)
0.75
12 —12.
() x=12 :>Z:—7:—033
0.75
P(X<12) =P(Z <-0.93)
=1 -P(Z<0.93)
J A=12 H=12.F
:1—@(0‘.93) Z=—O:93 z=p
=1-0.823%
=0.1762
(i) xX=1231 = Z= LRz 0.53
0.75
12.3—12.7
X=123 —DZ=—"—""" =-053
0. 75
P(12.2< X<13.1) =P(-0.53< 2 <0.53) HMW\
= O(0.53) - O(—0.53) =125 =127 =134
= D(0.53) — (1 — D(-0.53)) z=-053 Z=0 Z=0.5%
=0.7019—1 +0.7019
=0.403%
() x =135 = z=22712F _, s w
0.75
12.5 —12.7
X=125 =D Z=—" """ =-—p2%
0.75
P(12.5 < X <12.5) =P(-0.27 < Z <1.07) _
=D(1.0 ;)L O(-0.2 7; X=12.5/'“_12'7 'X=\13-5
- Pes =7 z=027 Z° z=1.0%7

= O(1.07) — (1 — D(0.27))
=0.85FF -1 +0.6064

=0.4641
3. X ~ N(2500, 302)
X — 2500
Z=——~N(0,1)
20
) 2520 — 2500
L) (@) XxX=2520 =>DZ=—""—"—=0.%
320

AN
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P(X >2520) =P(Z >0.67)
=1-P(Z<0.67)
=1 -O(0.67#)
=1—-0.7486
=0.2514

(b) x=2470 :>z—2470 2500 _ —1

30
P(X <2470) =P(Z <-1)
=1-P(Z2<1)
=1 —®(1)

=1 —0.8413 X=24F0 LU=2500
=0.158# zZ=-1 zZ=0
248K — 2500
() X=2488 =>Z=—""—""=-04
30

25092500 _
X=2509 =Z-=

30

P(2488 < X <2509) =P(-0.4 <Z<0.3)
= ®(0.3) - D(-0.4)
=®(0.3)— (1 - D®(0.4))

=0.61 1+0.6554 —
72" —2482 H=2500  X=2509

=0.2733 Z=-0.4 Z=0 Z=0.2

(it) (@) Neeo 2 such that 35% of the components have Lifetimes greater than 4.
P(X>a)=0.35

P(X<4)=0.65
a— 2500
CI)(—) =0.65
20
a—2500 0.29
20 '

a4 = 2512 hours U=2500

X:
Z=0

(b)  50% of the components have Lifetimes greater than the mean.
S0 50% of the components would Last 2500 hours.

() Need bsuch that 0% of the components have Lifetimes greater than b.

P(X >b) =
P(X<b)=0.2 g0%
Q)(Hﬂj =02
20
A u=2500
X=b

Z=0
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@(w) o
=20

2500 —b
30
b = 2475 hours

=0.84

4. X~ N(y 3?)

X_
Zz—ﬂ~N(O,1)
3

P(X>16)=0.15
P(X <16)=0.85

e

X=p[ =
16— 16— —
CD( é ’uj:o.g5 ST 04 = u=108% Z=0
32 =2
12 —12.8%
X=12 = Zz="—""=-029
3
P(X >12) =P(Z >-0.29)
=P(Z<0.29)
=0.6141 —1n \,u=1:2.8_3:2
=-0.297 Z=0
5 z=2"H_\0,1)
(o2

P(X > 428)=0.18
P(X <428)=0.822

e 18%
q)(m_—ﬂj:o_gsz N B
(o2 (o)

P(X >416) =
P(X <416)=

(o} (o}

CD(“@_”j:o; e 145

428 — 1 =0.920
416 — 1= 0.520
Subtracting: 12 =0.40

o=30
428 — 1 =0.92X30 = [ =400.4

X=H x=42¢%
Z_

A= H =416
z=0

The mean is 400 g and the standard deviation is 20 9.
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o z=2"H_\0,1)
(e
P(X >1230) = 0.07
P(X <12230)=0.93 7
q)(iZZSO —y) _0.93
o x=qp X=1230
IBOTH 5 4e z=0
(o)
P(X <1070)=0.12
_ 12%
1070
@(ﬂj =0.12
(o2
‘D(Mj .22
o X=1070 X= U
— 1070 =0
HZLOFO _ 135 Z
(o)

g.

1230 — U =1.480
H—10F0=11F50
Adding: 160 =2.6550

c=60.2
1230 - U =1.48X60.3 = u=1141

The mean is 1141 hours and the standard deviation is 0.3 hours.

z ZMN N(0,1)
o

35 +53
=44

Bg sgmme’c\rg wmean = 5 5%

P(X<53)=075

@(ﬂ) =075 = 2 0.6 = o=134
o

o X= 44 Xx=53
zZ=0
The mean Ls 44 and the variance 1s 180.4.
X ~ N(508.3, 4.82)
X —508.3
Z=——"—~N(0,1)
4.2
500 —508.3
X =500 :>z=—g=—1.73 X = 500 X = 5083
4.

= '1.7’3 z = O
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P(X <500) =P(Z <—1.73)

=DO(—1.7#3)
=1 -D(1.73)
=1-0.9582
=0.0418
P(X < 500) = 0.005
( 500 — ) 0.5%
d)( ,uj =0.005
4.8
U — 500
) =0.995
( 4.8 j ﬁﬁ X —— N M
H—500 _ ae zZ=0
4.2
U=512.5
(L) Z = ﬂ —~ N(O,i)

(o2
P(X >30.6)=0.3 0%
P(X<30.6 =07
q)(so.e —,uj o3

X=U \x=30.6

(o2
— =0 —
061 _ o z z
o
P(X<29.2)=0.15
29.2—
@(u) =015 15%
(o}
-29.2
Q(u) 085
S o x=292 X=U
u =1.04 z={ Z=0
(o3
30.6— U =0.520
U—29.2=1.040
Adding: 1.4 =1.560

o =0.897
20.6— U =0.52X0.89% = =301

The mean is 20.1 e and the standarod deviation is 0.297 cm.

o _299-301 _
(i) x=299 == o 0.26 /m\h\\
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P(x >29.9) =P(Z>-0.206)
=1-P(Z<—-0.26)
=1 -DO(-0.26)
=d(0.26)
=0.6026

29.2-30.1
0.297
P(X <29.8) =P(Z<-0.33)
=1-P(Z<0.33)

(i) x=29.2¢ =>Z= =—0.23

=1-P(0.33)
—
=1 —0.6293 X = Qﬁg X=3201 X =205

=0.370F = -0.232 Z=0 Z=045

20.5 —30.1
X=305 =DZ=—"—"—"=045

0.897
P(X>20.5) =P(Z>0.45)

=1-P(Z<0.45)
=1-D(0.45)
=1-0.6736
=0.3264

Percentage rejected = 27.07 + 32.64 = 69.7%
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