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Section A contains 12 questions carrying 5 marks each.
Answer all questions from section A

Section B contains 5 questions carrying 20 marks each.
Answer three questions from section B

The maximum mark for this paper is 120 marks.

Other Instructions
1. Calculators must be non-programmable.
2. Any numerical answers only need to be given to 3 decimal places unless otherwise stated.
3. Formulae sheets and normal distribution tables are attached.
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SECTION A

1 NEE
+ J
162 162

A1l. (a) Write the complex number 7 = —

in polar form.

(1 mark)

(b) Hence, or otherwise, find all of possible values of ZY* [you may express the
answer in either polar form or as real and imaginary parts] and plot them on the
Argand diagram.

(4 marks)

A2. (a) Find the Cartesian equation for the plane P that passes through the three points
whose position vectors are given by

a: (1,2,3), b:(1,-1,4) and c: (-1,2,3).

(3 marks)

(b) Find the unique point of intersection between the plane P and the straight line
that is written in vector form as

(x,y,2) = (0,2,—1) 4+ (1,1,1) ¢,

where t is an arbitrary parameter

(2 marks)
A3. Given the matrices
1 92 3 =2
A:(_3 5), and B=|1 1],
0 6
decide which of the following matrix products are well defined:
AB, BA, A'™B, A'BT.
Compute each product that is well defined.
(5 marks)



A4. (a) For what value of the parameter 3 does the matrix system of equations

A5.

A6.

AT.

2 B8 3\ [z 1
—10 1| [y]=]-2
-1 1 2/ \z 0

not have a unique solution?

(3 marks)

(b) For that value of 3, decide whether the equations are inconsistent (no solution) or

degenerate (infinitely many solutions), taking care to show your reasoning.

(2 marks)

Use I’'Hopital’s rule to determine the value of the following limits, if they are well-
defined:

. x? . cos () cos(z) — 1
(a): Hm sin(z)’ (b): xLII;TH/Q 72 — 42’ (c): i 3
taking care to show your working.
(5 marks)
Find an expression for the indefinite integral
/ 23— 10z + 1
——dx.
2?2 —4x+3
(5 marks)
. N _y of
Use the chain rule for partial differentiation to compute B at (s,t) = (1,1) where
s
f(x,y, 2) = sin(z) cos(y)e®
and

x(s,t) =2 — 5% —t% y(s,t) =s—t, z(s,t) = s+ t.

(5 marks)

3 turn over/. ..



A8. Suppose learner drivers have a 20% chance of failing their driving test indepedently
from others. Consider 30 learner drivers who take their test consecutively.

(a) Use the binomial distribution to find the probability to four decimal places that no
more than three of these learner drivers fail their test.

[Recall that the binomial distribution X ~ B(n,p) has probability mass function
P(X =k) = ()p*(1—p)"* ]
(2 marks)

(b) Use the normal distribution with appropriate mean and variance to approximate
the probability in part (a), giving your answer to four decimal places.

[There is no need to make a continuity correction|.
(3 marks)

A9. In a factory, car parts are sent randomly to one of two machines for further processing.
Unfortunately, the machines do not operate perfectly and sometimes the processing does
not pass quality checks. The table below shows the findings of recent quality checks
where for randomly sampled car parts, it was assessed which machine was used in
processing and for each machine the percentage of quality checks passed was measured.

samples | quality checks passed
machine 1 | 4,000 70%
machine 2 | 6,000 80%

(a) Use these data to construct a complete contingency table for the events A, that a car

part passed the quality checks, and B, that a car part was processed by machine

1, and their complements. Take care to show the calculations you perform to
complete the table.

(4 marks)

(b) Suppose a car part is found to not pass the quality check. What is the probability
that it was processed by machine 27

(1 mark)



A10. Find the solution z(¢) to the ordinary differential equation

i—fz\/4—16$2, z(0) = = .

(5 marks)

A11. Consider the differential equation

d2

d_tf + 4z = sin(2t) .
Given that the complementary function [solution to the homogeneous equation| can
be written in the form A cos(2t) + Bsin(2t) where A and B are arbitrary constants,
find the particular integral solution z(t).

(5 marks)
A12. Consider the function
f(z) = —2® + 1 — arctan(z). (1)
(a) Demonstrate graphically that f(z) has a unique real root.
(2 marks)

(b) Recall that Newton’s method for approximating the root f(z) = 0 can be written
iteratively as
o = 2 f(zn)
f'(xn)

Starting with 2o = 1, use Newton’s method to approximate the root of f(x),
defined by Equation (1) to two decimal places.

(3 marks)

5 turn over/. ..



SECTION B

B1. (a) Consider the matrix

(i) Compute the determinant of A and the eigenvalues of A.
(3 marks)

(ii) Describe carefully, with the aid of a suitable graph, the effect of the two-
dimensional linear transformation

()4 ()

(iii) Explain how the answers to parts (i) and (ii) are related.

(3 marks)

(1 mark)

(b) Consider the matrix

-2 2

2 1

2 1

(i) Find the characteristic polynomial [that is, the equation satistfied by the eigen-
values \ of BJ.

(4 marks)
(ii) Given that A = 3 is an eigenvalue, find the other two eigenvalues of B.
(3 marks)
(iii) Find an eigenvector corresponding to the eigenvalue A = 3.
(3 marks)
(iv) Show that the vectors
-1 0
vo=| 1 and vy3= |1
1 0

satisfy Bvy = —2v3 and Bvsy=2vy .
Hence, or otherwise, carefully describe the effect of the 3D linear transforma-

tion
s X
y|—=Bly
z 4

(3 marks)



B2. (a) Consider the function
f(z) =sin(x)e .

(i) Compute the Maclaurin series of f(x) up to and including cubic terms.
(5 marks)

(ii) Show that stationary points of f [that is, points at which %(x) =0 ] are
given by the condition tan(z) = 1.
Hence or otherwise, find all stationary points of f for 0 < z < 27. and classify
them as being either maxima, minima or inflection points. Find the value of

of f(z) at each stationary point.
(5 marks)

(iii) Sketch a graph of f(z) for 0 < x < 27, explaining your reasoning and indi-
cating the values of f(x) and x at any special points.

(8 marks)

(b) Consider the function

u(z,t) = sin(kz — mt) — e,

where k, m and « are positive constants.

(i) Compute the all first and second partial derivatives of u(z,t) with resepect to

x and t, expressing the answers in terms of the constants k£, m and a.
(5 marks)

(ii) Find the values of constants a and b such that u(z,t) satisfies the equation

Pu  0u ot
oz =Yg T

expressing your answers in terms of the constants k£, m and «.

(2 marks)
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B3. The probability density function of a continuous random variable X is given by:

0 for x <0

z for0<z <1
fx(z) = 2—x forl<ax<2

0 for x > 2

(a) (i) Sketch this function and find the median and mode of X, stating the definitions
for these measures.
(3 marks)

(ii) Compute the mean of X, stating the definition of the mean of a continuous
random variable.

(3 marks)

(iii) Compute the variance of X, stating the definition of the variance of a contin-
uous random variable.

(4 marks)
(b) (i) Find the cumulative distribution function of X and sketch it.
(6 marks)
(ii) Use the cumulative distribution function of X to find P(5 < X < 3).
(2 marks)

(c) Assume that the random variable Y is independent from X and follows the same
distribution.
Find the mean and variance of X + Y, stating the results and definitions you use
in your calculations.

(2 marks)



B4. (a) The vertical velocity v(t) of a particle of mass m > 0 that is allowed to fall under
gravity within a resistive medium is supposed to be governed by the ordinary
differential equation

md—: + cv = —mg, v(0) = —vy,

where ¢, and vy are positive constants. Solve the differential equation to find a
general expression for the velocity v(t), in terms of the constants ¢, g, m and vy.

(5 marks)

(b) Henceforth in this question we shall assume that y and ¢ are measured in units such
that we can assume

1
c=1, ¢g=1, m=1 andvozi.

Sketch a graph of v(t) against t. What is the terminal velocity lim; o v(¢)?
(2 marks)

(c) Tt is proposed that a better model of the resistance of the medium is a quadratic

law so that q .
v 2
—?=—1 S
T +v : v(0) 5
Find the solution for the velocity v(t) in this case.
Why is this not likely to be a good model of the motion?

(5 marks)

(d) Tt is now supposed that the medium also has elasticity, and that the displacement
of the particle y(t) is governed by a differential equation of the form

d?y dy 5 dy 1

d
Find the solution y(t) for the displacement, and v(t) = d—?Z(t) for the velocity.

What is the terminal velocity in this case?
(8 marks)
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B5. Consider an initial-value problem

dx 3r ¢

— = — 1) =e' +3. 2
T t+t3’ z(l)=e +3 (2)

(a) By direct substitution and evaluation, show that

e +3
=

x(t)

(3)

solves the problem (2). That is, you should show that the solution satisfies the
differential equation as well as the initial condition.

(4 marks)
(b) Use Euler’s method with
(i) h=0.5,
(i) h = 0.25,

to approximate the value of the solution z(t) to (2) at ¢t = 2.

(iii) Decreasing the step size is a common technique for lowering the error of an
approximation, however it can be computationally expensive and will not
always work. How else can the error be decreased? List at least one additional
method.

(8 marks)
(c) A first-order ordinary differential equation 4 = f(z,¢) is said to be in equilibrium
when f(z,t) =0.
(i) Using the explicit solution given in Equation (3) and the original ODE in
Equation (2), show that at an equilibrium
te' —3(e" +3) = 0. (4)

(2 marks)

(ii) Starting at t, = 3 and ¢, = 4, use the bisection method to approximate the
time ¢ at which the system is in equilibrium. Perform your estimation to 1
decimal place of accuracy.

(6 marks)

10 .../ End of Exam Paper



PELYSEINR oY Awapeoy
3 syeyg [lLAlnE]

20UB1[39X3 0} AR

N'2E"210)SYILIDOLUL 1B
SIOMIBN 8Uj) 108109 S31d0D 8I0WU 104

HOMIBN HO 8 SIeIS

‘SLpelN Awispedy uoneonp3 JaysiH oyl
AQ paINQLISIP SI puB Y3 uoiounfuod
Ul peonpoJd usag sey 3ajes)| SiuL

CCI010)

xp {op()6 [} 38 If =" [#p(2)0 [ (2)f] = op (2)B(2)f [f

(o)

600¢ a24uadyjew @
NN 2USOYIRL MMM

el S0 66.EY

IwJoj aAneusd)yY =

@ %?
&@ ID:H& :
P np L _ vav a\

syied Aq uonesbayu|

np(n)f \Hﬁu mﬁzv&@e\ pue np(n)f \.HH@%?&& \

(9)n

uonnsqns Aq uonesbayu)

(measuod q'v) ap ()0 [ q-+ap (@)f [ 0= ap (2)00 +(@)fv) [

uoneJsbajul Joy 3jna Ajieaul| ay L

24 (g —ag)ws e (g —xg)sod 89

0#D U+S+H3n~m (q+av)f
DTS D— 94 7 _ums
24 (4 + 2N + 2)ul
0<DZxT 9+ 7 _Ts00 —
0<w o+ % _quis et/
v > |z| 2+ 7w U £ =i
0<v <zl 2+ g e
0<D® OFE— T:ﬁm N?ﬁwma
o< 2 4+ TquIs u[ FAVTD)
2 4+ T ysoo u| T que)
2 4 T Ys0d xquIs
9+ T quIs T s00
L>T>( 2 + (7 us)uy 109
L>x>( 9 + (7 900—x 29800 U] T 09500
E>x>%— o4 (zuey+ xoos)up T 0es
S 2 + (xoos)ug T uey
24 2800 — T uIs
2+ zuis 500
R 29
0> o4 (z—)ur ©
S=_z
o<x o+zUl 1
o+ tn (- #u) e
o4y JaeISU0d ‘Y
o+ (2)g =ap(z)f [ (@)f
uoineibaju|

(zus—),_(zs00)]— = m _(ws00) =fi g1
‘ordwrexe 104
75 w5 = 7p Ul (T)n =n emeym (n)f =fiJ]
uonEeUBIBHIP 10} 3|NJ UIBYD YL
N‘QH AWv@ @a;v @:HA\:&%
N —mpa  \n/ P np - ap p

uoljeiuIBKIP oy sajna Juanonb pue Jonpoad ay |

. Tp Tp Tp
uaeIsSuod ‘v —q + —n = (a9 + ) —
R R SR

uonenualayIp Joy ajna Ayiesul| ay

1 T __ue)
i i
£ T . _quris
g2/
5 T 1sod
T, 29800 — )09
T Y309 T 9S00 — T D9800
T YUue) T Yoes— T YIS
T, 008 Tyue)
T YS0d T qUuIsS
T quIs T YS09
T4
= T _uey
NH|\ T ;80D
T
N|+\/ x ngﬁm
Tuls
T ,09800— Saes = T 1302
X sOD
T UR) T D98 T = 008
T urs
T 10D T D9800 — 7= = £980D
T sOd
T ;008 T = L Ue)
TUuIs — 809
T 809 T uIs
T 9
0 r°80[ = x Ul
[—uTU U JUeISU0D Aue
0 JuRISUOD ‘Y
_ p _
@) 4 = (2)f =1i

uonenuasaya



ryuey = fi pue xysod = fi ‘zquis = fi jo sydern)

““““““““““““ LS
o) z o
T que)=fi . s =1 ! T ysod="/i
Ys ' 4
suonounj oljoquadAH
01301 = fi pue zu[ = £ jJo sydein)
yh
suonounj ojwypiebo
¢ ="fpue’,g="A"*g0="Ajosyde
T
Kedop Teryueuodxe 31m013 [erjusuodxo
summoys , o = fi jo ydeix) Summoys o = fi Jo ydeir)
nW I L= Q\\ L 1-

— ——

suonouny jenuauodx3y

600¢ 2.1us0yjew © aN ON Ad
3N°0R"2JIUSdYFRL MMM @@@@

q xz
? V80099 — 2 + ,9 = ,D i
9 5 a|nJ auIso9 ayy
puis g urs Vv uis T
Q 5 — T q T "o
. a|n1 auis ay |
3|NJ dUISO0 pue 3|NnJ dUIS dY L (@)n
0>z J 0] _ 0>z J T— _
T _uey = 0z J Hw\ﬁav: 0z J QQW\_@,_
_——— ¥
(z)n ‘uonouny dajs Hun ayyL uonoduNny sninpow ay |
N oy e .
— + — 4+ |\p=0+4+29+ _xD D
oy NT v Q9+, 0#DJI
aJsenbs ay} bunsjdwon
7
B U 0> =9 (€) 0<y =9 (€)
T _S00 = x _us="f 0=y — ¢4 () 0=227 — ¢4 ()
ey ! - ! 0<op—q (1) 0>o0p—2q (1)
< [ o> 0o<D

T %

z 1 1- (e)
(D)
1—— - - |||||4N\e T (¢)
N/

> | B

f
suonouny suawouobuy asiaAu|

‘1 porrad yjm orporrad ST uorouny juasue) oY J,
‘1z porrad yjm drporrad oI SUOIJOUN] SUISOD PUE SUIS YT,

H-
\ / > et =@ =)+ (v —2)

(i)

| , | | 4 \ U

| , ” | | 2 505 4 snIpel ‘(q ‘p) 919U 9010 & Jo uonenba ayL
o Jow) v) o)) s/

| | | | | 17

[ [ , [ lz—cx

| | [ | T ug r TAi—2h — w

, | , , |

I | [ |

, [ 1y , I

P~ zurs 1dedIoUI edIIeA = O ‘JualpeIS=w O+ rw = fi Jeaur]

SUOROUN OMBWIOUOBLL suoloun} uowwod Jo sydeur



"SJUSTUS[E U YJIM }0S B WOIJ UISOYD
9 UeD Jer[} SJUSWD[D ¥ YIIM SIISNS JO IaquINU Y} ST %),

uw_mcm_‘_u S(|edsed
UI U99S ST SJUSIDIJO0D 9y Jo ureyyed oy,
7'€Z 1 = ip ‘eldurexs 10J ‘0s
(T—wu=iju ‘1=j0

y—uw) _ i —wiy (4

U ju u

10, 10 @v Aq poajousp sI 1o8ojur aa1j1sod e SI U usaym
«(Z+1) Jo uorsuedxo [eIWIOUI] SYY UL T JO JUSIDLFIOD YT,

Sjua1o1Jo09 [elwoulg ay L

‘sosed [ewads ur 1deoxe g # gy ey} Ioquisway

p+Aio gp+0oN\ _ o g\ (P 2
Q+Aip gog+ov )] \L o qQ »
SedLIJRW g X ¢ I0J :uonedidiynw xuen
0 # 29 — pv yey3 popraoxd

D )— 20—pD 9
AT @v T =y uey Am SVHEH

XHlew g X g B Jo 3sJdAul 3y L
‘(mo1 9517 o1} Suore popuedxo)

| zep TED | leep 1ep | leep cep |
| letp 4 | l2ip — | _:dH:\_
_ zep 12p W W €p 1Zp W W €Tp  TTp _
\ﬁ@ [4%9) Hmﬁ/
JURUTWIIOP sey | €p  ep  1Zp | = |/ XILIJRW ¢ X ¢ 9],
/m:u Zip :d\
P o] vl
99 — pv = =1V
9 o]
p o
JURUTULIONOP SR =Y XLjew g X g oyJ,
qQ D

sjueuIwIa}e pue saolie

600¢ vausdyew ©
Jn-oeajusdyew Mmm

OO «—U

2= :Am +1)

aouanbas e jo juwi| ay} se uopouny jepuauodxa ay L

A[UO T Sz >71— I10] """+ —— —+ = (z+1)°301
S S

9 i ic

T e Io] 4 = — = 4 = — ] = 2S00
of T T

x e 10§ ...+Flm+mI8H83m
P

x e 10§ ...+W+E+E+HHH®
L T T

suoisuedxa sauas Jomod piepuels
1> T > ]— UM SOFIDAUO0D
pU® 9TUYUI ST SOLISS Y[} ‘[RUOIIORIJ IO SATIRIOU ST U USY A\
ie 14
+ x
(c—uw)(1—wu @ (1-uu

RS S +rutT = ,(2+7)
Iogogur aaryisod ® ST U JT

wa1oay) jelwoulq ay

[>u>1— ‘S5t =rcg

:s9149s oPwWoab ayuul ue Jo wng

4—T

1 # « popraoxd BJ = ¥g ‘suIIe) U JO wng
[_yD = TI0Y 3y

‘orer uoWwod = .4 ‘Wid) s8Iy = D

‘240 4D ‘D uoissaiboid ouswosn

(T +ug)(1+u)u W

= U8 Tt T
‘szobojul u }sa1) Y] JO saJenbs ay} Jo wing

(T+uu=z = mw

=u+ e+ t1

‘siabajul u }saly Y} Jo wing

(P(1 —u) +vg)§ = “g ‘swey u Jo wng
P(1 — %) + » = w1y ypy

‘90URISJIP UOWWIOD = P ‘ULIdY JSIY = D

©'pg 4+ v ‘p 4+ v ‘v :uoissaiboid onewyiy

sal19g pue saouanbag

080

“ 4 9
_m 7 =
! .a r
A(1qe0 — 2q1p) + [(Fq10 — 19%) +1(%qfv — £qPv) = qx e

uayy 3q&q + 29 + 119 = q pue 30 + [0 + 110 = e J|

"O[NLI MOIDS puRY WYSLI ) AQ pauyep 9suas © Ul q puer
e Sururejuoo aue[d oy} 0} renorpusdiod 109004 jIun ® ST

e
D ogus|q|[e[=qxe

q 9
v 1onpoud 10}09)

€t + %% 4 I9lv =q - e
uay) q€q + [2q 4+ 119 = q pue &v + [en + 1Ip =@ J]

—

q

gsoolqlfe[=q-e

1onpoud Jejeos

Ztfit @ N = |a| uoyy z + [fi 1w = a ]
SI10}99\

‘T—/V 9j0uep 03 pasn oq Aew [ uey) Iayjel ?
ruls = zlyuis ‘T s0d = xlYsod
ryuls { = xluts  ‘xysod = xlsod

suonouny 6y pue aljoquadAy usamiaq diysuonejay

puuis [+ gusod = (guis £ + ¢sod)

waioay} S,dJAI0N
(QU) 7 b = 7 WYY ‘974 = 2 JT
C T o = °z ‘e T CUT Yy = Tz 1T
Co-10)77, =1 (20 + 1g) 72Tt = T2 12
w10} Jejod ul uoisiAlp pue uonesidiiniy
puisl — gsoo = 002 ‘guis [+ 9soo = 0@
suoned4 s.9n3

o1 = Z tuuo} lenuauodxy

7 =guey

‘puis.s = q ‘Ysood = D
974 = (puis [+ gsod)u = 2z
wuoj Jejod

I—/ = [ omym

[q 4+ » = 2 :ul0} ueIsale)

siaquinN xajdwon



L66T Q@

stoyne oy Aq syromire pue JuryjesedAT,

AYSI0ATU) ySnoloqusnory e

arjue) poddng Furureor| sorpewayjeIy oY) I0J
uosdwirg goor) pue 3J010) AuQy, Aq WIJLIA\

vZowio
1sd

o

md
uofsdn
nej
ewdIs
o1

QULb k2T X33

(8 dox o1 R 9 O
A uomIWO o (O e U
X x 3 = epPzZ ) Z
P nu a2 N uopsde 3 g
X nw oy eEp ¢ v
I epquel ¢y ewwed A ]
&< eddey oy epq g g
d 'Ol 1T eydie o0 Y

19qeydie yaa19 ayL

I>>1— 10] Awﬂvﬁm =z, _yue)
(14 TN +2)up =2 _yuis
b

suonounj aijogadAy asiauj

N
T—xg 4sod

14 —
TFagasos — L 809

T YUIS + T [S0D = TF (S0D

T YS0D T UIS g = Xg qUIS

fi quis  quis F fiysoo x ysoo = (fi F x)ysood
fi quis x so00 F fisoo x quis = (fi F z)quis
T,Y0S00 = T — T, 1[30D
T Yoes = X quey — |

[ =2 quis — & [sod
‘T YUIS 4 X YS0d = 9
sannuap| dljoqiadAy

1 € T 10]

=z quis

T UIS — TYS0D = ;9

z—9 — £®  TYuR} T YUIS
= = = T 300
s O+ .0 T T Ysod
72— — 4O T YUIS
= = X YDOS0D
(4 1
2—9 4+ 2o T YS0D
= = T YI9s
(4 1
2—9+ 4o T YS0D
= = T yue)
s O — .90  xTYuIs
SR = T yus . = T Ysod
z—° — 2° P + z°

suolouny aljogtadAH

aysoddo

600¢ sAusdylew @
N°08"2.AUSIYIRW MMM
"ATuo sremod
JoGoqur aa1yisod Yim Ing suorjoung orjoqrodAy pue dLIowt
-OUOSLI} [}IM POST ST UOIRIOU SIYT, D30 (7 500) sueowt
Y 800 Apre[ruig - (7 UIS) 10 posn uolyejou oy st 7 uis

TeeosFT = V50 ‘pmesmt = V U
}/ SO0 UIS g = /g UIs
YV UISg— T =1—V 8007 = ,UIS — |/ SO0 = |/ 500
V008 = T+ | ue} /00800 = |/ 300 + |
T =V ,S00 4/ juis
(g +V)s00 — (g — V)s00 = guisy wis g
(g + V)00 + (g — V)s00 = g so0} s00g
(g —v)us + (g + y)uis = g sooy uisg
ue uel1+4
rae = (g T v)ue
guIs |/ uls + g s00 |7 s00 = (g F /)s00

guisy/ sod F gsooj/uis = (g F y)uls
saljuapl osLawouobiL} uowwo)

.C . G
= ue) = = SO0 — = urs
gN = ,09 T~ 009 En 209
gr 4 G
= = uel — = SO0 - = urs
=08 h ,0€ [~ 08
T=,Gpue) W = ,GI800 W = Spuis
N !
[] 0e%7 T
k| .09 F )

v 4
:s9|buen} piepuels

s

D g 01 Jueoe(pe apIs
waloay)  seiobeyiid 3 = 9 03 oysoddo oprs = pue}
uecelpe o asnuajodAy
D § 01 quedelpe opts =959
) asnuajodAy
= —pus

qQ @ 09 oysoddo oprs

:g a|bue aynoe ue Joj soneu Bl

i
‘)G A2 S92139p —— = ueIpRI
o€'LS P 081 el 1
surIpRI 08T _ 09¢ _ T ‘sueipel 1g = _(9¢
i .RN o . o
suelpe. pue saaibag
Answouobii

CEI00)

q 03 Tenbo 10 weyy SSOY SI D SULIWL § S D
q 0% Tenba 10 uer) 199e0IS SI D SUROW q £ D

Q URYY) SSO[ ST D SUROUW q > D
Q URY) I9)eI3 SI D surdW q < D
:salnljenbauj
*I0YRUTTIOUSP 9} JO 92130P 9} SI p puer Iojelowinu
91} JO 90130p 91} ST U dIYM P — U 99139p JO [ermrouijod
® ST UOIYM WD) [rUOI)Ippe ue oamnbor suonjoery todorduy

2+TQ+ D
—gree— WIoj oY) Jo uorpoedy Terred e

s0onpo1d I0yeUITOULD oY} UL 94T+, TD 1030¥f O1peIpenb e

% ._vnw.ﬂ%Eg&@fmomqoﬁofmﬁm_ﬁdamu:w
-01d 103RUTWIOUSD OYY UL (q + XD) S1030%) Jeoul] pojeodar
242 w0y oY) Jo uorjoRly

renred e soonpoad 10jRUIIIOUSD 91 UI G+ D J0JORJ JROUI] ©
:() JO 99139p 9Y) URY) SSI[ J JO 92I39D o)} M
srerwioudjod a1e () pue g oIoym MEG suorjory dodoad 10

suonoely [ened

‘QT.°7 Aeyewrxordde ST yorym jue)suod Jeryuouod
-Xo 9Y} IOJ SPUR)S d I91)9] O], SWIILIRTO] [RINJRU PI[[LD
axe u[ A[eAIyeuIs)fe 10 S0 pajousp ‘e aseq 0} swyjLIeso]

» 1501

_ D
7050 = £ 301

:9seq Jo abueyd 10} ejnw.io4

1 =q 801 ‘0 = 1 9901 ¢V 1801 = 7 “Bo1 u

¢

901 = g 801 — 7 Fop ‘g 901 = g 8oy + y o]

</

Q=1 sueewr 0 =7} 80]

(1 # q yym) q aseq aaryisod Aue 10
swiyiebo Jo sme

w®D
w®A)= a0 DA =40 = w? T= 0
f— — :d f—
:S@ - iAS\Bv ‘:.\i_‘ﬁ - ) :;L:@ - iﬁﬁ\@
w
S991pu| JO smeT]
g

=T U} () =2 + Lq + TV I

Wy — AN F -
:uonenba oneipenb e Buiajos 1o} ejnwIo4
(A+ryE 2)(4FT)=3F 2
ATy — = (4 —x) ‘ytayg+ r= _(§+72)
A== —)(y+2)

eigob|y



X
0.0
0.1
0.2
0.3
0.4

0.5
0.6
0.7
0.8
0.9

1.0
1.1
1.2
1.3
1.4

1.6
1.6
17
1.8
1.9

2.0
21
2.2
2.3
2.4

2.5
2.6
2.7
2.8
2.9

3.0

4.0

Normal Probability Tables

Table of (I)(x) [d)(x) =72'—n€_J’.X1 ]

X 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
o(x) 03989 03970 03910 03814 03683 03521 03332 03123  0.2897  0.2661
X 1.0 1.1 1.2 1.3 1.4 15 1.6 1.7 1.8 1.9
$() 02420 02179 01942 01714  0.1497 01295  0.109  0.0940  0.0790  0.0656
X 2.0 2.1 2.2 23 2.4 2.5 2.6 2.7 2.8 2.9
$(g 00540 00440 0.0355 00283 00224 00175 00136 00104 00079  0.0080
X 3.0 3.1 3.2 3.3 3.4 3.5
$00 00044 00033 00024 00017 00012  0.0009
X X "““1
Tableofq)( ) <Dx=_[ t)dt= [e’ dt
x) [0(x)= [ ¢l)dt==[ ™ dr]

0 3 4 5 6 7 8 9
0.5000 05040 0.5080 05120 _ 0.5160 0.5199 05239 05279 05319 05359
05398 05438 05478  0.5517  0.5557 05596 05636 05675 05714 05753
05793 05832 05871 05910  0.5948 0.5987  0.6026  0.6064  0.6103  0.6141
0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.6554  0.6591  0.6628 06664  0.6700 06736 06772  0.6808  0.6844  0.6879
06915 06950 06985 07019  0.7054 07088 07123 07157 07190  0.7224
07257 07291 07324 07357 07389 07422 07454 07486 07517  0.7549
07580 07611 07642 07673  0.7704 07734 07764 07794 07823 07852
07881  0.7910 07939 07967  0.7995 0.8023  0.8051  0.8078  0.8106  0.8133
08159  0.8186 08212 08238  0.8264 0.8289  0.8315  0.8340  0.8365  0.8380
0.8413  0.8438  0.8461 08485  0.8508 0.8531  0.8554  0.8577  0.8589  0.8621
0.8643  0.8665  0.8686  0.8708  0.8729 0.8749 08770 08790  0.8810  0.8830
08849  0.8869  0.8888  0.8907  0.8925 0.8944 08962  0.8980  0.8997  0.9015
09032 09049 09066  0.9082  0.9099 09115 09131 09147 09162 09177
09192 09207 09222 09236  0.9251 09265 09279 09292 09306  0.9319
0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
09452 09463 09474 09484  0.9495 0.9505 09515  0.9525  0.9535  0.9545
09554 09564  0.9573  0.9582  0.9591 0.9599  0.9608  0.9616 09625  0.9633
09641 09649 09656  0.9664  0.9671 09678  0.9686  0.9693  0.9699  0.9706
09713 09719 09726 09732  0.9738 0.9744 09750 09756  0.9761  0.9767
09772 09778 09783  0.9788  0.9793 0.0798  0.9803  0.9808  0.9812  0.9817
09821 09826  0.9830  0.834  0.9838 0.9842 09846 09850 09854  0.9857
09861 09864 09868 09871  0.9875 0.9878  0.9881 09884  0.9887  0.9890
0.9893  0.9896  0.9698  0.9901  0.9904 0.9906  0.8909 09911  0.9913  0.9916
09918 09920 09922 09925  0.9927 09929 09931 09932 09934  0.9936
09938 09940  0.9941 09943  0.9945 09946 09948 09949 09951  0.9952
0.9953  0.9955  0.9956  0.9957  0.9959 0.9960  0.9961 09962  0.9963  0.9964
09965  0.9966  0.9967  0.9968  0.9969 0.9970 09971 08972 09973  0.9974
0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
09981  0.9982  0.9982  0.9983  0.9984 09984 09985 09985  0.9986  0.9986
0.9987 099903  0.99931  0.99952  0.99966 099977  0.99984  0.99989 0.999928  0.999952

0.999968 0.999979  0.999987 0.9999915 0.9999946 0.9999966 0.9999979 0.9999987 0.99999921 0.99999952
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This graph shows {(x) -v-x, the shaded area represents ®(x)

X




