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ENGINEERING MATHEMATICS

UNIT-5 : Statistical Techniques - Il

(Testing a Hypothesis and Statistical Quality Control)

Lec-01
Today’s Target

» Basic terms of Hypothesis testing
(i) Population
(ii) Sample
(iii) Parameter and Statistics
(iv) Hypothesis: Null Hypothesis and Alternative Hypothesis
(v) Test of significance

(vi) Level of significance

@
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& ENGINEERING MATHEMATICS ey

UNIT-5 : Statistical Techniques - Il
Aktu Syllabus

Testing a Hypothesis
» Introduction of sampling theory, Hypothesis, Null hypothesis, Alternative

Hypothesis, Testing a Hypothesis, Level of Significance, Confidence limit,
> Test of significance of difference of means :|(i) t — test (ii) Z — test (iii) Chi-square test | |\ ™ oY N

Statistical Quality Control ] M o\ Y <

» Control charts

» Control charts for variables (X and R charts)

» Control charts for variables (p, np and C charts)



@ﬂ Basic terms of Hypothesis testing 9/&)
=g ; ()
wwweww  ([)Population or Universe: &

Any collection of individual | members |objects | set of all experimental data

Population

Finite (countable) P Infinite (Uncountable)

Os

(ii) SAMPLE : A Finite subset of population

» To study population,we select a random sample in such a way that each member of population

has equal chance to include in sample

» Sample Size : The number of member | objects |individual in a sample

» Sampling : Process of selecting a sample
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ew
wwmwessn (1) Parameter and Statistics: Symbols for Population and Samples

2

Parameter Statistic
5.NO. Measures used for Population Measures used for Sample
1 Population Size (N) Sample Size (n)
2 Population Mean (u) Sample Mean (X)
3 Population §.D (o) Sample S.D (s)
4 Population Variance (¢*%) Sample Variance (s%)
5 PopulationProportion (P) Sample Proportion (p)
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SATIWAY CLASEN SATHWAY CLATIN

Hypotheses > Assumptions required to make decisions about
population on the basis of sample informatiion

ﬂ (iv)Hypothesis / Statistical Hypotheses /&S

> Deciding a hypotheses is to be accepted or rejected
Hypotheses

Null Hypothesis (H,) Alternative Hypotheses(H,)
» Itisadefinite statement It is complementary to the null hypothesis

about population parameter

» Tested under the assumption that it is true



@/w Note: (1) (Hy) : Accept then (Hy) : Reject
(2) (Hy) : Reject then (H,) : Accept

Test of significance (or Null Hypothesis testing)
The tests which enable us, to decide whether the Null Hypothesis is eccepted or rejected

on the basis of sample information
(i)t —test
(ii) Z — test v

(iii) F — test

(iv) chi,—square test /

2
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W Level of significance (x)

» The value of probability above which we do not reject the Null Hypothesis.

» Usualiy, level of significance in testing of hypothesis are 5 % ,1%
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UNIT-5 : Statistical Techniques — lll

(‘Testing a Hypothesis|and Statistical Quality Control)
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»|t — test for one sample
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wmwesn Parameter and Statistics: Symbols for Population and Samples
Parameter Statistic
S.NO. Measures used for Population known as Measures used for Sample known as
Parameter statistic
1 Population Size (N) Sample Size (n)
2 Population Mean (u) Sample Mean (X)
3 Population §.D (o) Sample §5.D (s)
4 Population Variance (¢?) Sample Variance (s%)
5 PopulationProportion (P) Sample Proportion (p)




Hypothesis Testing S
w ew
e Testof significance carvmav cissens

(i) t —test J = M

(iii) F — test

(iv) chi — square test / E M

t — test
OR

Students t — distribution

» Itis a parametric test of hypothesis testing based on student’s T distribution.
» To test the significance of the mean of a sample.

» t—testis applicable when

(i) sample size is small (n < 30)

(ii) Population standard deviation (o)is not known



) t — test )
& l &

For one sample For two sample

\/ Next | ecture

t — test for one sample -
N AN
» Totestthe significant dif ference between the sample mean and population mean.

Steps to solve Questions
STEP — 1:Set Null Hypothesis (Hyp)

H, : There is no significant dif ference between sample mean and population mean

Hy : u = pg (given)

~

STEP — 2 : Alternative Hypothesis (H,)

Hy: ﬂ*ﬂo(T W 0 l{()\\\f& Pex&)
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\@_/v; Step — 3 : Calculate |t|

SATIWAY CLASEN

(i) When S.D is not given

-
t=""

Vn

X = Sample mean

i = Population mean
n = Sample size

@

-2
S =SampleS.D = /z(:%

(ii) When S.D is given

X—p
t =—5

vn—-1




9/\? Step — 4 : Write degree of freedom (n-1) and level of significance o (< = 5% OR x= 1%) g/wW
= o

SATIWAY CLASENS cLazses

/Step — 5:From the t — test table By &{KKC{ ul

Find the value of t. atthe level of significance « for the degree of freedom (n— 1)

Step — 6: Conclusion

(i) If @< then Hy is accepted

\~» There isno significant dif ference between sample mean and population mean

/ Sample have been taken from correct population.

(ii) If |t| > t. then H, isrejected
» Thereis significant dif ference between sample mean and population mean

» Sample could not have come from this population.
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wwaesne  Fiducial limits or confidence limits




@Q Q.1 Asample of 18 items has a mean 24 units and standard deviation 3 units.Test the @
=g

S hypothesis that it is a random sample from a normal population with mean 27 units.

Uhvven) Null Hv})OHnest&(Ho) t = 2u—-2327%F

n= 18 Mo v —— —
— o J]&ﬂ{

W =Y Hyw M= 2+

< = RS A\\‘CYY\(A\’\VG \»\\3\PQ\W\€S\S(H\> i/ — _%ﬁm

W=2F | W uE T (fworld (8
Lo =41y

Cal(ulation %\U

I N = Y
-

In-




@ Dfﬁme o£ ﬁycedorﬂ’: N—I

Nn—| = IB-I
=

onclusion

't =Y (22 and to.or = 2.1/

t] > 05
N H\a\)omggis IS XC)CJTJ
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\ Table 2 : SIGNIFIC s on s
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(TWO TAIL AREAS) [ | ¢ | > t ()] = w
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@ Q.2The9 items of a sample have the following values: 45,47,50,52,48,47,49,53,51. @
R Does the mean of these values dif fer significantly from the assumed mean 47.5? arvmar cussee
Uivven i (n=7) | (-n) B AKTU — 2021
! >0 0. 7 0. & W — Yuz
M=HY +.
- 2 A9 b.U| ﬂ
T\«% ¥ -2 W= M.
MZ A 1. Y|
2
55 | 3.9 5.2 (=) |
o] [ VS 5. 6|
= Z= 5434




Alkynahve Ay pothests(H)

H' M FYT.5 (Two +ailed best)

Caliudahon ﬂ; | €]

t = R
<
i
= Yq,|-5+5
2.619

Bl =1.8327%




Level w% sﬁm‘&mn&
_ o = 5

o«;0,0E

From £-test able

boe = 2.3

O

[

¥Comlmsum
[t = 1.232F and ¢, ;o =4, 3]
VUlE < Gles
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g/w Q.3 The lifetime of electric bulbs for a random sample of 10 from a large consignment gave \@_/w

SATIWAY CLASEN

the following data:
Item | . 3 4 5 6 7 8 9 10
é’/l.ife in000hrs. | 4.2 (4.6 3.9 | 41 |52 (38|39 )|43)| 44 ) 5.6
Can we accept the hypothesis that the average lifetime of bulb is 4000 hrs? a
W —W n-"M )= .
[ " W=7 [ ;-w) — = =411
Y. 9 0.2 0. 0Y N \
}/\:\O U, 6 0.2 0-0Y _
5 -0 S 05 N = 4.4
U
M=Y000 _ —0 -3 009 Y
>3 o % 0. bY  — T n-%)
u=y v | 2t e n- |
N ﬁi -0-5 D25 |
w’ =0 .| 00} _ A2
1Y 0 o — | =
St |\ 2 | 4y O\
=4y Za-w)rE 2
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Nu | H?‘DOH/WS\S(HO)
H, -
H, "
Ay nahive \WWWQ fS(H,)

¥M: Lki;qooo(Tboo%%Mﬁdf“$>

)
Caltwlntion (’L’&L} &
- -4 _Uy-y
S 0.5 %9
4N 0
F=2.12%
= 2125
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7)) &
‘4 A d [ ize 16 has 53 .Th the deviat
@W ﬂ/ random sample of size as 53 as mean.The sum of squares of the devia ion from @W

wrmwesw mean is 135.Can this sample be regarded as taken from the population having
56 as mean? Obtaiand 99% confidence limits of the mean of the population.

Q\wy)# ¢ — 2 n-7)=| Null H%pofwsm(ﬂb)
J o N
N = lé = _ HD
n =53 SZJ\SH, H U — 5 6
2

 (n-w) =155 S - 7 A feynadive HWQW\MS(\’\O

=56 M M'figéuwom\ﬁmmt>

S = X
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K
I
F — 5356
3
T
- -} T
%
t=-Y

(

Degwe «ﬁ €Y€€G{0m

nN-1 = 16— |
= 15
Lfve\ (a Buunuz
S =5
o< L> | O O
A = 0.0 o

Fvom t-teskt table

conclusion
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0.05
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\ =4 Table 2 : SIGNIFICANT VALUES t, (o) OF t-DISTRIBUTION Gw
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g/ﬂ Engineering Mathematics by Gulshan Sir g/w:“
=

UNIT-5 : DPP- 02

Topic: t — test for one sample

0.1 Asampleof 20 items has mean 42 units and S.D.5 units.Test the hypothesis that it is arandom

sample from a normal population with mean 45 units.

(). 2Ten individuals are chosen at random from a normal population of students and their marks
are found to be 63,63,66,67,68,69,70,70,71,71.In the light of these data,discuss the that mean

mark of the population of students is 66.
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ENGINEERING MATHEMATICS

UNIT-5 : Statistical Techniques — lll

(Testing a Hypothesis

Today’s Target

>

»
>

t — test for two sample

PYQ
DPP

and Statistical Quality Control)

Lec-03



t — test for two sample @
» Totestthe significant dif ference between mean of two independent samples. -

» Let two independent samples are sample — 1 and sample — 2

Sample - 1 Sample - 2
(i) x4,%X3,%X3...... X (i) ¥1.,Y2,Y3 - ¥n
(i) Mean |x =% (i) Mean | y=%=

n, ny

_[E(x-%)2 _ [Eo-M?
(iii) Sy = / T (i) 52 = [Tama
(iv)] Size n, <30 (iv) Size n, <30
(v) Population mean u, (v) Population mean u,




=

@Q Step to sovle Questions
~~'-jq/ — 1: Set Null Hypothesis (Hp)

H,: The means of the two Population are same

Ho: py = u,

JS/TEP — 2: Alternative Hypothesis( H,)
Hy:py # u

ﬁEP — 3:Calculate | t |

3 —

xX-y

ey,

where X = Mean of Sample-1
¥ = Mean of Sample-2
n,; = Size of Sample-1
n, = Size of sample-2
S1=S5.D of sample — 1
S, =8.D of sample — 2

@



7))
GW (i) If S.D S, and S, are given

nySi+n,53
.s \/ 1 2

ny+nz—2

2

\Xii) IfS.D S,andS$, are not given

G = Jz(x-r)2+z(y-y)2

n1+n2-2

STEP — 4: Write degree of freedom (n, + n, — 2) and level of significance « (< = 5% OR <= 1%)

E\; D e %o\v&!\'

STEP —5 : Fromthet — test table

Find the value of t. at level of significancexfor degree of freedom (ny+nz;—-2)



STEP — 6: Conclusion
(i) If |t| < t, then H, is accepted

There isnosignificant dif ference between betwween their means

(ii) If |t| > t. thenH,isrejected
There is ®» significant dif ference between between their means




7)) 7))
g/w Q.1 Samples of sizes 10 and 14 were taken from two normal populationswithS.D.3.5and 5.2 e/w

SATIWAY CLASEN SATHWAY CLATIN

The sample means were found to be 20.3 and 18.6.Test whether the means of the two

Nu | HH Fo the s1s ( l’(o)

populations are the same at 5% level.

Uve N e Know Hhat ‘
ﬂ):lO < - h\g‘ernz%i Ho’

N, — 1Y JoNpTN 2 H, . M = Ay

B = VI~ = o
= - 0 AR.SY +IURG-2) A1y nave H\a?g\%es\s(H\)
= J o+t MM—2 i

SZ =22 \_\\'o M\ -:‘er

N - 0.3

oy S=UTFR




Dﬁ?xté ﬁﬁ éYCC&{OW] = Nyt —2
— o+I1YU-2
- 22

Leve | @% %Lam{}l’canu @<>

p—

° — 5 :0,0r)
< =5k =75
=< = O. 05
Fyom E—test table
= 3.0f
Lo.08,

@



W
& (oNnclysioN)

it =0. %604 and %0,05:2,0}
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)
W Q.2The height of 6 randomly chosen sailors in inches are 63,65,68,69,71 and 72.Those of 9

&

randomly chosen soldiers are 61,62,65,66,69,70,71,72 and 73.Test whether the sailors

are on the average taller than soldiers.

uven

5(AM§>\€—\ —%Hmraht o@ Sailoy <
Sample -3 — Height o] soldiexh
Y\\:é
n, =1

W[ x=x |m Y | Y-5 ((y-g)T
63 ~-5 25 | 4] [ —6.67 [44.4B 39
65 | — 3 (2 |-5.67 (3214849
(3 . . (5 |-2. 67 [3.12 89
(4 , , c6 |- 67 27631
o 3 . P N IR
T2 |y | O [R.33 |un8?
1333 |11.0%%¢
12 Y. 32 (19 B9
13153334099
= | Ty = et
4o} =60 |60 1519449




o= 1 =400
ar G
N =468
ho= ezl
"y
v — 60(1#
? 9
%:61.67

e Know that

< = 5o + 151.9995

J 6+4-2

S = U, 033

Nu \’\\\ \30\)\«( SUS K\’\g

(alulation Oﬁfﬂ
t= n-Yy -
1

S o T %L
Fo= 60—61.6

M‘O%%l%%
)= 0.150%
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:@ I L G
L evel éf; Sxam‘ﬁwamﬂ =y

_ ) = 5 = 0.0%
=50 T T Means 4 Hu o populefon st

%:0.0g SO ¢

_ . )C__ttb\— %q\a\C \‘\(Y\Ul
A\/(/\O\(/}A HUW 4} S@\W& 18 Y\Ob

t
005 ey Faan Soldve v

H, Hy bothesTs s atccpted
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pa) Engineering Mathematics by Guishan Sir ya)
sw UNIT-5 : DPP- 03 sw
sarwar cuasmn Topic: t — test for two sample sammar ciasues
0.1 Two samples of sodium vapour bulbs were tested for length of life and the following results
were got:
Size Sample Mean Sample S.D.
Typel 8 1234 hrs 36 hrs
Type Il 7 1036 hrs 40 hrs

Is the dif ference in the means significant to generalise that Type I is superior to Type Il regarding
length of life?
(0.2 The marks obtained by a group of 9 regular course students and another group of 11 part time
course students in a test are given below:
Regular: 56 62 63 54 60 51 67 69 58
PartTime: 62 70 71 62 60 56 75 64 72 68B 66
Examine whether the marks obtained by regular students and part time students dif fer

significantly at 5% and 1% level of significance.
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ENGINEERING MATHEMATICS

UNIT-5 : Statistical Techniques — lll
(Testing a Hypothesis and Statistical Quality Control)
Lec-04

Today’s Target
» Z—test

> PYQ

» DPP

2



g}l Hypothesis Testing @
wwmwewnn  Tost of significance =
(i) t — test
(ii) z — test

(iii) F — test

(iv) chi — square test

Z—Test is applicable when

Population S.D (o) is Known | Population S.D (o) is Unknown

n<3o z — test t — test

n> 30 z — test z — test




@

Z — Test

(1) Z — test for single mean (one sample)

@

(2) Z —test for Dif ference of mean (two sample)
(1) Z — test for single proportion
(4) Z — test for dif ference of proportion

(5) Z — test for dif ference of standard deviation

Z — Test Table
Level of Significance
1 1% | 5% | 10% |
Two Tailed Test | |Z| = 2.58 |Z | =196 | Z | = 1.645
Right Tailed Test| Z = 2.33 Z = 1.645 Z =128
Left Tailed Test | Z = —2.33 Z = —=1.645 Z=-1.28




9/3‘5 Z—test for one sample <)

@

wmweunn T'0 test the significant dif ference between the sample mean and population mean. J

SATHWAY CLATIN

Steps to solve Questions
ﬁ'I‘EP — 1 : Set Null Hypothesis (H,)
Hy : u = po (given)
ﬁE P — 2 : Alternative Hypothesis (H,)

Hy : u # puo(Two Tail test), u > uo(Right Tail test), u < uo(Left Tail test)
\%ep — 3 : Calculate Z

_ X=u _ X=u
anl = 8 OR anl g
vn vn

X = Sample mean

u = Population mean
n = Sample size

o = Population S.D
S =Sample S.D



ow

SATIWAY CLASENS

tep —4 : From the Z — test table

Find the tabulated value Z;,, at the given level of significance «

Step — 5 : Conclusion

(i) If Z_,; < Z;qpthen Hy is accepted

(it) If Z_y > Z;qp then Hy is rejected

Confidence limits or fiducial limits

B o < o

Vn Vn

o o
(i) 95% confidence limits (level of significance is 5%)are xXx—196—<u<x+196—

Vn Vn

o o
(i) 99% confidence limits (level of significanceis 1%)are xXx—258—<u<x+ 2.58—

Vn Vn

@



@ Q.1 Arandom sample of 900 members has a mean 3.4 cms.Can it be reasonably regarded @
i as a sample from a large population of mean 3.2 cms and S.D. 2.3 cms? Hm———

(11ven Null H?POH’)(‘SIS(H‘,) zZ = 3.4 — 32
Nn=900 SGMFM i< drawn gwm 'argf 3.3
T = 2.4 FOFU\W"WOH With mean 3.3 e
=22 [H2M=32 Z = 0. AK30
g- = 2.3 | Blkxnahve Hy pothesis CHY) : 2.3

- 9 (00 failed LS
m.u#si( 7 3.0
Ca\lblatton %\Z\
7 = WM
N

_—

m
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conclysion
7 = .6\

] (Zcm/ 7/Ziab/
Hoods M{jcdﬁd

Hen
H] s O\(LGFECI/{
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Z — Test for two sample )
éw ; ' ew

wmweusn T test the significant dif ference between mean of two large independent samples. ——

@

Step to sovle Questions

STEP — 1: Set Null Hypothesis (H,)

Ho: py =
STEP — 2: Alternative Hypothesis( Hy)
Hy : u # uo(Two Tail test), u > po(Right Tail test), u < ug(Left Tail test)

STEP — 3: Calculate | z |

MR e OR VAR - where X = Mean of Sample-1

cal — o,
s2 g2 gl g2 =
s ’#Té ¥ = Mean of Sample-2

ny n2z



sw

SATIWAY CLASEN

n,S7+n,S3
ny+ny

STEP — 4 : From the Z — test table

ot

Find the tabulated value Z,,, at the level of significance «

STEP — 5: Conclusion
(i) IfZ_, < Z;qp then H, is accepted

(it) IfZ., > Z.q then Hy is rejected

@



@ Q.2 The average income of persons was Rs.210 witha S.D.of Rs.10 in sample of 100 people @

SATIWAY CLASEN

of acity. For another sample of 150 persons, the average income was Rs.220 with S.D.

SATHWAY CLASIN

of Rs.12.The S.D.of incomes of the people of the city was Rs.11.Test whether there

is any significant dif ference between the average incomes of the localities.

(mveﬂ

SO\M}DR—’l
ﬂ\ — 100

S, = \0

S0 W\XP\JQ__:},

Ny =150

5:230

5 =1

N\U&X H%FOH\C S\&(Ho)

H " Theve is MO S\am%\um\c 0\\%\)«/\;»/\&
behoeen Yhe N0 "N (0Ne %WQ
10 Lol O

Hyo W=

Alkynathive HWOH\%{S(HO




Fyom z-test Fable

Zirap = .46

ConClustoN

NZ ] 7 Cian)

R veaed

Men
H, s al (ehted

N

At the level VZ 5:3m$1’cam€ 57

@



- Z—Test for one single proportion W
éw éw

SATIWAY SATHWAY CLATIN

“™To test the significant dif ference between Proportion of the sample and the population.
Let X be the number of successes in n independent trials with constant probability P of success
for each trial.

Steps to solve Questions
STEP — 1 : Set Null Hypothesis (H,)
Hy : p = po (given)
STEP — 2 : Alternative Hypothesis (H,)

Hy @ p# po
Step — 3 : Calculate Z
Where
X
7 = PP Observed Proportion of Success p = =

x = number of success

n = Sample Size

P = Probability of success

Q = 1 — P (Probability of failure)

s



gy Step — 5:From the Z — test table

SATIWAY CLASENS

Find the tabulated value Z,,;, at the level of significance

Step — 6: Conclusion
(i) IfZca; < Z;qpthen H, is accepted.
(ii) IfZca; > Z;,, then H, is rejected

PQ

95% confidence limits (level of significance is 5%) are P + Z,,, =

99% confidence limits (level of significance is 1%)areP + Z, PTQ

@
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7)) 7
g}l Q.3 A coin was tossed 400 times and the head turned up 216 times.Test the hypothesis that e}l

the coin is unbiased. Calwmlahon ag = )
e | P 2= p-P _o5y-05
P =05 = 051 a 100
a = 1—0.5| Null Hypotnests(Ho) =
L =05 H ® The con is unbiased
W= b Ht P =05 \ZCM]:\'C
L = 0 Pleinae Fpenes M\cx Fyom 2-test able
N P = 05| fw o falle AL Hhae \ewel &S\W&Y\\%\CQY\CQS 0
&c&t)




conclusion

A< I—Zcml S \Zkabl

@



gy Z—test for dif ference of proportion
wmweunn T0 test the significant dif ference between the sample proportions p, and p,

Step to sovle Questions

STEP — 1: Set Null Hypothesis (H,)

Ho: g = p2
STEP — 2: Alternative Hypothesis( Hy)
Hy:py # pp
STEP — 3: Calculation of |z | "
A \Wheve \>\ - -—ﬁl\“
1 | 1
JPQ(n1 nz)
Where P = NPy +NzpP; \DL - 1\3:

ny+n, Y\L

Q=1-P

@



&

™ STEP — 5 : From the Z — test table

Find the tabulated value Z,,, at the level of significance «
STEP — 6: Conclusion
(i) IfZ., < Z;qp then Hy is accepted

(it) IfZ., > Z.qp then Hy is rejected

@



) 7 )
g}l (.4 Before an increase in excise duty on tea, 800 people out a sample of 100 persons were @}l
R found to be tea drinkers.After an increase in the duty, 800 persons were known to be B

tea drinkers in a sample of 1200 people. Do you think that there has been a significant

decrease in the consumption of tea after the increase in the exise duty?

()‘L\VQW ‘3 = N = Bee P: F,n,ﬁ—bfh — W, +n", — 300t300
| Al |0 66~ = — ”

= 1000 Ny N, NN, oo +[200D
W= %00 | P =00

\ p—b

{\7_ —\L0O0 ‘) _ My _ fo0 \\

W, = oo . q=1-F = 0

_ 2
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@}l Nyl HWOFNA}& (HD) - 'O S ~€'}~l~

| o \ o g 3 /1 41
HD,TF)W 'S No Stgmgzcmb decyease in | | [l {1000 200

Hhe Lonsumption vﬁfca %fcy in(rease

N the excise dw”? z = 6. 817

Hoo Py =P Z | = 6017
4o po¥neals (H,

pllernote Pt T i o £- besk table

‘ €S
H,’ by 7 P (one fanle ) At Wetevel 4 S %m\)\mwb E
aloulghon % \7“\ \ {_0\\0\: [, 6U S
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@ Z — test for dif ference of standard deviations e}l

wmwewse To test the significant dif ference between the standard deviation of two independent samples. *™ ="

Step to sovle Questions

STEP — 1: Set Null Hypothesis (H,)
Ho: py =

STEP — 2: Alternative Hypothesis( Hy)
Hy: py # po

STEP — 3: Calculation of | z |

Z = s OR Z=—4—2=2

0-12 0-22 512 522
2nqy 2ny 2nq 2np
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,g,}:, STEP — 5 : From the Z — test table
Find the tabulated value Z,,, at the level of significance &
STEP — 6: Conclusion
(i) IfZ., < Z;q then Hy is accepted

(it) IfZ.,, > Z.q then Hy is rejected

@



7 )
e}l Q.5 Random samples drawn from two countries gave the following data relating to
wwmwesss  the heights of adult males :

country A country B
Mean height(in inche 67.42 YA
Standard deviation 2.58 2.50
number in samples 1000 1200
Is the dif ference between the standard deviation significant?
(A\\/C\Q Nu | Hua\mﬁ\fsi’s (Hb>
n,=1000 H © Theve s no s\am«)\um% o\\M)oumc e haean the Standax
n, =100 deviabion
— 2.5 . et
SU=R5B | g s, (oo Farled kesE)
S, =150

A)x nahwe w\mm&\«\}
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7 = SI_SQ B
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g’?ﬂl :U),
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s _ L
.58 ggﬁ/o
Jaxivoy AR
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gy Engineering Mathematics by Guishan Sir ey

s oo DPP-4 cnrvaer oo
Topic : Z - Test
(.1 - A machine is producing bolts of which a certain fraction is defective. A random sample of 400 is taken
from a large batch and is found to contain 30 defective bolts. Does this indicate that the proportion of
defectives is larger than that claimed by the manufacturer where the manufacturer claims that only 5%

of his product are defective. Find 95% confifence limits of the proportion of defective bolts in batch.

0 .2 = Amachine produced 16 defective articles in a batch of 500. After overhauling it produced 3 defectives
in a batch of 100. Has the machine improved?

Q .3 -~ The mean weight obtained from aa random sample of size 100 is 64 gms. The S.D.of the weight
distribution of the population is 3 gms. Test the statement that the mean weight of the pupulation is 67

gms at 5% level of significance. Also set up 99% confidence limits of the mean weight of the pupulation.

0 .4 - Intelligence tests were given to two group of boys and girls.

Mean S.D. Size
Girls 75 8 60
Boys 73 10 100

Examine if the difference mean score is significant



7))
sy
0 .4 —Intelligence tests were given to two group of boys and girls.

Mean S.D.
Girls 75 8
Boys 73 10

Size
60
100

@
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ENGINEERING MATHEMATICS

UNIT-5 : Statistical Techniques — lll

(Testing a Hypothesis|and Statistical Quality Control)

Lec-05

Today’s Target

> x* —test of goodness of FIT (Part — 1)
» PYQ
> DPP




/v’} Hypothesis Testing Z )
“\g{__ Testof significance ,g}:__

x (iii) F — test
__~(iv) chi — square test (x* — test) V- AP

Hpothesis Testing

Parametric test )
Non — Parametric test

(Sample drawn from normal population)

véi{t — test

ii) z — test

)Q(iii) F — test

(No information about population)

\/&) x% — test



@ﬂ Chi — Square test (x* — test)
(=g

SATIWAY CLASEN

x% —test of goodness of FIT
L _

x% — test

S,L-é

x* — test of goodness of Fit : Given Data can be fitted in

(i) Poisson Distribution

(ii) Binomial Distribution
(iii) Normal Distribution (A\\) QA

Fitting is good or not is test by y* — test.

In y* — test

04,0, ....0, isasetof observed frequencies and

set of expected frequencies such that Z 0; = Z E;

x* — test as a test of independence

- F

Wy QUESTION

/\T\V\J

A

o

E. E;,E5 .. E, are the corresponding




7))

&y

%ii) The expected frequency E; of any item must be greater than 5.

Conditions for applying x* — test

Note : If any item has frequency less than 5 then it should be combined with the next or

\/ﬁfSum of frequencies must be greater than equal to 50.

preceding item until the total frequency exceed 5.

Steps to solve questions

Step — 1 : Null Hypothesis (H,)

(H,):There is no significant dif ference between observed and expected frequency.

Step — 2 : Calculate y* under H,,

Where 0; = observed frequency

E; = Expected frequency

2= [(oi;fi)z]

d



SATIWAY CLASENS

Z )
GW step -3 : Degreeof freedom = Number of variables — number of constraints sw

9=n—-k — N-|

Level of significance <= 5% = 0.05

Step — 4 : From y* — table

Calculate Xzo.os at the given level of significance for the given degree of freedom

step—5: (ONCMSION
(i) If x* < X%, 45 - then H,accepted

» There is no significants dif ference between observed frequency and expected frequency.

» Fitof the data is considered to be good.
(ii) x* > x*y0s,  then H,isrejected.

» There is significants dif ference between observed frequency and expected frequency.

» Fitof the data is not good.



Q/W Q.1 Adieisthrown 276 times and the results of these throws are given below:

R No.appeared on the die | 2 3 4 5 6
Frequency 40 | 32 | 29 | 59 57 59
Test whether the die is biased or not. (A.K.T.U.2019)
Null Hypotnesis (H, 07 | Er  |0—E¢|li—E;)
H . The dic is an unblascd die L0 b —¢ 36
2 39 — 1Y 196
Calwakion ”\} ey B i
LU -7 251
Ei=200 — e 59| U 13 16
n 6 1 | ul ! |
N Y { R 149
El — U4 20, = [ZE = S (0= )=
Lt 2716 960




DC@M@ Jg):xccatom: N—|
= { — |
- S

L evel v{}&\f}/mgl‘wnu( =
<>< — 50/3 — 0.095

FXOY\/\ Ni’kfst' k‘O\\O\Q

2

\/ = 11,010

0.05

)
conclusionN Gw

SATHWAY CLASIN

2 P
L =x130 X=1070
o o < <
A7 L.
L Ho1s mé@dlo{

Henw
hven die 1s a b ased

die



Significant Values
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Table 4@ CHI-SQUARE

for Given Probability o,
P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)

095

L ANN
103
aH2

11

Probability (Let ol of Significance)

0.005H

1.841)

w9
F.B15
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1.1456

O70

5812
6. 408
. O15

633
85.260
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9. 542
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13.56656
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17.708
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3o 02
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30659
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40 270
41 585
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41 140
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@f\? Q.2The following table gives the number of accidents that took place in an industry durin

s
B various days of the week.Test if \accidents are uniformly distributed over the week.
Day Mon | Tue | Wed | Thu Fri Sat
No.of accidents 42 1 @
N\A\\ H\atjo\/heﬁi(\’\o> Oi E; OL’ _E[ (OL - EZ>2,
H, . Acadents axe W\\\{)OYm\a Yy 'Y O ®
distribukd over the weel B N Y 16
Z 12 —2 Y
calwlahion ¢ 3L undex Ho |
I Y RN 9
Ep =200 = Q4 _yy sy | |
o 6 4 Y O D
20 = YLOL—Et pa—
o4 20




(
D€2 Yc¢e dg {;yccdom/\:n,(

— §{ — |
- b

Level ”ﬁ gkﬁmlg:mnu@)
L =57,

= 0.05

me}f- Leslh tabl

COV)CIA/(SIO‘/),

V.o +0

2 S
Xa.og -

Hin U,
Acidents oYe um‘%oxm
\‘% Ay owed dveY the

We e I




Significant Values

I&'A‘I“. ‘ l/

frvedom (N

()99

’

! MM 5T

oY)

5812
6. 408
. O15

633
85.260

8. B9
9. 542
10.196
10.856
11.5624
12.198
12.879
13.56656
14.2566
14.933

Table 4@ CHI-SQUARE

for Given Probability o,
P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)
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A A
g/w Q.3 In experiments on pea breeding, the following frequencies of seeds were obtained: “g”

m—G— Round and yellow | Wrinkled and yellow| Round and green | Wrinkled and green | Total
315 101 108 32 556
Theory predicts that the frequencies should be in proportion
Examine the correspondence between theory and experiment.
- o Ty -\~ | (03 —E:
Nyl H%Fo%ﬁg\s(m) O =H 0t —E; (i -E;) UEzL> “
— 5 S |5 = . |
e Emt\(\mmﬁ& Rewu s A5 [32.F5 |2.25 |5,0625 |0.0161%
S\/\P\DU\(\' YWO\‘“()Y 01 |14, 95 |—=3.35|10.562% [0.10131]
P
Coludodon OXX undey 0% (104, 25 | 3.5 [ 1h. 0625 |0 134%92
E :ﬂ\'é* 556=312.F5 3o | WS [-2FS [ 5625 6917626
. k=59 Di-E |
E—OL = |2 6 Z\\Uft K‘z
S5 6 Sy




Y= 04100

Degw:e vg ngcu{O\f\/\ = N-|

- Y-

= 3

Level wﬁ) S\?{ﬁlgl(an(ﬁ(‘%>
A =S, =0 0 S

@



éw
w0 (UL SLOYT

Xm' - 0.470024 Kt%: 7 185

xml < Xﬁmb

HooTs & LCﬁ\*fA

H{\/\(})

Eﬁ\\?m\mﬂ\%& Rewn s S\APPM‘Y Pre o1 () NTQUN AN

@



Significant Values

I&'A‘I“. ‘ l/

frvedom (N

()99

’

! MM 5T

OO0l

Table 4@ CHI-SQUARE

for Given Probability o,
P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)
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UNIT-5 : DPP- 05
Topic: x* — test of goodness of FIT (Part— 1)

g/ﬂ Engineering Mathematics by Gulshan Sir g/w:“
=

0.1 What is y* — test?

Adie is thrown 90 times with the following results: [AKTU 2010]
Face : | 2 3 4 5 6 Total
Frequency : 10 12 16 14 18 A 90

Use x* — test to test whether these data are consistent with the hypothesis that die is unbiased.
().2 The demand for a particular spare part in a factory was found to vary fromday — to — day.

In a sample study, the following information was obtained:
Days : Mon Tue Wed Thurs Fri Sat

No.of parts demanded : 1124 1125 1110 1120 1126 1115

Test the hypothesis that the number of parts demanded does not depend on the day of the week.
.3 The theory predicts the proportion of beans in the four groups,G,,G,,G,, G, should be in the

ratio 9:3:3: 1.In an experiment with 1600 beans the numbers in the four groups were 882,313,287

and 118. Does the experimental result support the theory?
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ENGINEERING MATHEMATICS

UNIT-5 : Statistical Techniques — lll

dTesting a Hypothesis|and Statistical Quality Control)

Lec-06

Today’s Target

> x* —test of goodness of FIT (Part — 2)

> PYQ
> DPP



7 . : )
g/w Hpothesis Testing e/w

Parametric test Non — Parametric test

(Sample drawn from normal population) (No information about population)

\/({t — test (i) x% — test
\/(62 — test

[ (iii) F — test

x* — test

x* —test of goodness of FIT x° — test as a test of independence

BT et




7 ) . :
\@V x“ —testof goodness of Fit:
™ % Given Data can be fitted in -
/(i) Poisson Distribution
\/Gi) Binomial Distribution

N LDistributi

» Fitting is good or not is test by y* — test.

2

"

» In y*—testo,,0,...0,isasetof observed frequencies and E, E,,E; ... E, are the corresponding

set of expected frequencies such that Z 0 = Z E;

Conditions for applying y* — test
(i) Sum of frequencies must be greater than equal to 50.
\/(/ The expected frequency E; of any item must be greater than 5.
Note : If any item has frequency less than 5 then it should be combined with the next or preceding

item until the total frequency exceed 5.



VR ;
\@V Steps to solve questions

Step — 1 : Null Hypothesis (H,)

(H,):There is no significant dif ference between observed and expected frequency.

Step — 2 : Calculate y* under H,

y2=Y [(o.-;f.-)zl

Where 0; = observed frequency

E; = Expected frequency

Step — 3 : Degree of freedom = Number of variables — number of constraints
9 =n-k

Level of significance x= 5% = 0.05

2



7 )
e/w Step — 4 : From y* — table @_/w
Calculate xzo.os at the given level of significance for the givendegree of freedom
Step—5:
(i) If x* < x*y05 - then H,accepted

» There is no significants dif ference between observed frequency and expected frequency.
» Fitof the data is considered to be good.

D" > X st then H, is rejected.

» There is significants dif ference between observed frequency and expected frequency.
» Fitof the data is not good.



g/w Q.1 Asurveyof 320 families with 5 children shows the following distribution: @y

B No of boys S5boys  4boys  3boys 2boys  1boys 0boys Total ™
& girls : &0girl &lgirl &2girl &3girl &4girl &5 girl
No.of families : 18 56 110 88 40 8 320

Test the hypothesis that data are binomially distributed and male and female births are

equal probability. l> _ JL _ (6.B.T.U.2010)

Nul \%Fo\/\mak )
H Dot ax ¢ Hrnomia \a ATt Y b d N = 220

and pvobabiity 4 Male and Fomole |y = S
\sw\hmaﬁmﬁ Y=0,1 27545
Leb b= Pyob. 4 ] (Suecess) Rino ped DI B

1 = Probd. OK\D%KM\\MQ Pb@\g: Y\QX\; GC\JX
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Table 4@ CHI-SQUARE

Significant Values % (o) of Chi-Square Disntribution Right Tail Areas

for Given Probability o,
P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)

Probability (Let ol of Significance)
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/"‘l‘c{i S A"
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Significant Values % (o) of Chi-Square
for Given Probability o,

Degrree of
/'v‘c*c{¢nn s

()99

MM 57

Table 4@ CHI-SQUARE

P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)
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16919
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26 296
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31.410
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924
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65
8835
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G/Q Q.2 When the first proof of;392 pages of a book of 1200 pages were read, the distribution g/‘\
= of printing mistakes were found to be as follows: ..\....}“.l..
No.of mistakes inapage (x) : ( 1 2 3 4 5 6
No.of pages (f) s 275 72 30 7 5 2
Fit a poisson distribution to the above data and test the goodness of fit.
Null Hypothesis () w4 b
H o, Porsson Distyibuhon 15 a © 2 b =
g00d | o ¥u data T t=
. ) 30 O
I S N A R
T
1 S 20
S 2 | O
A= 0.1 b 2| é \ 6
Sh=32 [T {n=1D1
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Expected Hequmug = e
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Significant Values

I&'A‘I“. ‘ l/

frvedom (N

()99

’

! MM 5T

oY)

5812
6. 408
. O15

633
85.260

8. B9
9. 542
10.196
10.856
11.5624
12.198
12.879
13.56656
14.2566
14.933

Table 4@ CHI-SQUARE

for Given Probability o,
P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)
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AN
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aH2

711
1.1456
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2. 733
3.3256
3. 940

4.575
5 .226
5. 892
6 .57]
/. .261
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10.117
10.851

11.591
12.338
13.091
13.848
14.611
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16.151
16 928
17.708
185, 493

Probability (Let ol of Significance)

0.005H

1. 84
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. B15
1HH
O70
=92
067
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I62
685
996
296
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. 569
144
410
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S0 995
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33 657

3o 02
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30659
3N S9eSs
40 270
41 585
41 856
41 140
45 . 419
46 653
47 962




@ﬂ Engineering Mathematics by Gulshan Sir g/wah
= UNIT-5 : DPP- 06 A=

Topic: x* — test of goodness of FIT (Part — 2)
(). 1 Test for goodness of fit of a poisson distribution at 5% level of significance to the following

frequency distribution:
X - 0 | 2 3 4 5 6 7 8
f : 52 151 130 102 45 12 5 1 2

(). 2L Test for goodness of fit of a poisson distribution at 5% level of significance to the following

frequency distribution:

X : 0 | 2 3 4 5
f : 275 138 75 7 4 |
(). 3 Records taken of the number of male and female births in 800 families having four children are as follows:
No.of male births 0 | 2 3 4
No.of female births 4 3 2 | 0
No.of families 32 178 290 236 64

Test whether the data are consistent with the hypothesis that the Binomial law holds and the chance
of male birth is equal to that of female birth, namelyp = q = 1/2.

(U.P.T.U.2009]
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ENGINEERING MATHEMATICS

UNIT-5 : Statistical Techniques — lll

dTesting a Hypothesis|and Statistical Quality Control)

Lec-07

Today’s Target

>| x* — test of as a test of independence
» PYQ
» DPP

2



7)) )
ew x* = test &y
x* —test of goodness of FIT x% —test as a test of independence

L-S L6 | -7

x° — test as a test of independence

Two attributes A and B are given with size r and S respectively.

Steps to solve questions
Step — 1: Null Hypothesis (H,)

(H,) : Two attributes are independent



g/w Step — 2: Contingency table : Simple data is given is tabular form, called contingency table

SATIWAY CLASENS

O, b Oy
_—
c % d ™

The expected freQ}ency for any cell in a contingency table can be calculated by using formula

e
% Expected frequency =

Row total X column total

grand total
Observed frequency Expected frequency
04 05 a+b
a ‘ b . (a+b)(a+0) E, = (a+b)(b+d) O+ \D
N N
0~ 04 c+d
C d
a+c b+d N = . _(c+d)(a+o) l‘._':(6+d)(b+d) ( 4—4
a+b+c+d ot N - N
T N A -
at C -
Yand total At b ¥l




ow

Step — 3 : Calculate x* under H,

xz =y [(01;51)2]

Step — 4 : Degreeof freedom=(r-1)(§5-1)

Level of significance(x)

— 2 =5% =
Step — 5 : Conclusion Ca

(ii) If x* < X%, 45 then H,accepted

Two attributes A and B are independent

(ii) If x* > x%y05 . then H, is rejected.
Two attributes Aand B are\fndependent

NOC

2



Z) Q.1 From the following table regarding the colour of eyes of father and son, test if the

7))
@}" colour of son's eye is associated with that of the father. (A.K.T.U.2021) @)V
T Eye colour of son R
& l h Light Not light
ye colour of father Light 471 51
Not light 148 230
Nu | Hwoﬂﬂékmg cor\ﬁr\gmwd table
\ a Ohsevved F—M‘Mm“’a
H *© The (olowy ”% Son s eye 19 O _—, ©
> U Ik S | SL2
not assolaked W . O
RS “
o o the My | 230 | 2718
G191 281 | 900

)
lhyand Fata
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E xpccied Fycquenw 5 5 _)L 2 >~
E, =52204/|F, =522 x28) V=0-6),0"5) 0-8) &)@
100 o0 1 522 E. z, +7«3 T 4
_a5q.02| =62.48 , T
E, =St8xqE, = 218K 8 #1-35%.02) | 5)-16248 | (48-25118)
100 100 r 559,02 [62-98 251,98
—259.9% —[18.02 —
+(Zéo—-l\8>,02}_
(19 20 100 g

— Y, 9290+ F6.9390+48.2326

; +1o06.31497T

> (i)
X —~<Ez;\‘ L X = 6.4

—_

(o)
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Significant Values
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8. B9
9. 542
10.196
10.856
11.5624
12.198
12.879
13.56656
14.2566
14.933

Table 4@ CHI-SQUARE

for Given Probability o,

P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)
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AN

103

aH2
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(level of Signiftcance)

0.005H

2 (0) of Chi-Sguare Distribution Right Taill Areas
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/V? Q.2To test the ef fectiveness of inoculation against cholera, the following table was obtained

SATIWAY CLASEN

Attacked Not attacked Total
Inoculated 30 0) 160 = 190
Not inoculated 140 %> 460 O 600
Total 170 620 790

(The figures represent the number of persons.) (A.K.T.U.2009,2018)
Use y* — test todefend or refute the statement that the inoculation prevents attack from cholera.

NRR F\%POW@S(:(HQ COﬂhv\ﬁ@r\w} bable
O\ogm\lﬁd F ¥ equen )

H 2 The Anoculahion Ao e .
N0t PY(\/M\’( Jk\(om 36 14 0 140
(hole ya ()\v((f\dﬁ w 0, " Ry .

[ +0 620 +90




%@)

)
4 S
— |90 K70 |E. = 110 K620 _ oY B ——
T P T | q0 | A=loR) L eoE) )y
—Yo. 84 | =|u4g. (1 d = -
- - | 2
C — oo NFO E — 600 XKE20 (0‘1— EW)
Fq0 | | T40 Cy
£00
=124.1) | =YF0-1 ¥ = BoHo m} (eo—w |1)
“0. 99 a
| +0 620 +90 2 r
(Mo—129.1) v (b0 —4Fo.84)

TR

<N

124 13059
L

X _ 20q0+0.}0\t}+0.0\\%+ SERANDE
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Significant Values
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8. B9
9. 542
10.196
10.856
11.5624
12.198
12.879
13.56656
14.2566
14.933

Table 4@ CHI-SQUARE

for Given Probability o,

P =P (x* > x" () = &x

And v is Degreoes of Freedom (d4.1.)

095
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are obtained. Derive your inferences on the ef ficiency of the vaccine.
Af fected Unaf fected
Inoculated with vaccine 12 0) 28 ‘2
Not incoulated ( 13 Oz 7 Oy

pa

Ky, = & 15

S~

=

/‘;‘ Q.3 In an experiment on the immunisation of cattle from a disease, the following resul

(A.K.T.U.

)
ts
2021) ew

SATYWAY CLASEN



Engineering Mathematics by Gulshan Sir
UNIT-5 : DPP- 07

Topic :x* — test of as a test of independence

7
ew

@

0.1 Inan experiment on the immunisation of goats from anthrox, the following results were

obtained. Derive your inferences on the ef ficiency of the vaccine.

Died anthrox Survived
Inoculated with vaccine ; 5:

2 |
Not incoulated \ 6 6 )
S—— -

(). 2 By using y* — test, find out whether there is any association between income level and type of schooling:

Income Public l Govt. school
Low 200 400
High \.1000

400 )
e —

(). 2 The following data is collected on two characters:

Smoke[s Non smokers
Literate 83 57

S W/
Based on this information can you say that there etween habit of smoking and literacy.
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Statistical Quality Control)
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» |Control Charts for variables (X — chart and R — chart)
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@ Statistical Quality control (5QC) @
wwmwesne 3> A quality control system performs inspection, testing and analysis to ensure that the = s

quality of the products produced is as per the quality standards.

» It is called SQC, When statistical techniques are used to control, improve and maintain

quality or to solve quality problems.

Techniques of SQC
To control the quality characteristics of the product there are two main techniques.

(i) Process Quality Control

Control the quality of product during production process.

(ii) Product Quality control

Control the quality of product after production.



)
g}l Control Chart @v
«mweune Control chart is a graphical representation of quality characteristics, which indicates sarmarciasn

whether the process is under control or not.

Types of control charts
There are many types of control charts. Most commonly used control charts are

(i) Control Charts for variables
They are used to measure quality characteristics | — 9

(1) Control chart for sample mean (X — chart)

(2) Control chart for sample range (R — chart)

(ii) Control Charts for attributes
They are used to maintain and achieve an acceptable quality level

(1) Control chart for fraction defective (p — chart) L=
(2) Control chart for number of defective (np — chart)
(3) Control chart for number of defects (¢ — chart)




/)

7))
g}l Control Limits @v

wmaewne Control limits are the limits within which variations are acceptable S———

A Control chart consist of 3 Horizontal lines

(1) Control line (C L) : It is a solid line and represent desired control level of porcess.

(i) Upper control line (UCL) : It is a dotted line and represents upper tolerance limit.

(i11) Lower control line (LCL) : Itis a also a dotted line and repreent lower tolerance limit.

A~ N

T T e — UCL
S

< CL
2

N

G [r————————— LCL
S|

>
O

Saw\a N e




Control Charts for variables

@

Consider a random sample of size n is drawn during manufacturing process

Sample mean

_ X3+ X+ X3 ..t Xn 2 X
n n

Sample range

R = Xmax = Xmin

Let K consecutive samples are selected with mean X, X5, X3, ... ...

Mean of sample mean ( X)

X1 +Xy+X3+ . Xy L X

K K

=

Mean of sample Range

Ri+Ry+R3+ ...+
K

R =

Xyx and range R,,R,,R5 ....

R



7 ) =
g}l 30 Control limits for X — chart

SATIWAY

_|x, When tolerance limits are not given
@ B When tolerance limits are given

When o is not given When o is given

@

i) | vLc =+ 4R (i) ULC =@+ 3 o,

(i) | LCL=F)-A,R @) LeL =B-3 0,

Where A, depend on sample size and found 6
Where,o, =

from table or given in the question vn




@ Control limits for R — chart

wewesn (i) CL =R
(ii) LCL = R D,

Where D5, D, depend on sample size and found form table or(given in the question

Process capability (60)
R
60 = 6d2

Where d, depend on sample size and found from table or given in the questions.

@
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AKTV-2022 -2
Draw mean and range charts and also comment on the state of control of the process.

/v? Q.1 The given table shows the values of sample mean X and the range (R)for 10 samples
each of size 5 each.

Sample No. | (1) 2 3 4 5 6 7 8 | 9 |10
X 45 46 48 52 53 37 51 46 | 47 | 38
R (4) | 5 6 7 4 5 7 | 6 | 6 |4
Heren=5, A, =058, D, = 2115 and D; = 0.
= X 4T MEFUB S A5 A T TG AT D U3
N 10 | O
X = U6
R=ZR_ UtSH A T+ U S+F H6+ ¢+ _ 5Y
A \ 0 \ D




Sw

SATIWAY CLATINY

control limilks Loy X —Chaylt

CL= 163

UClg = X + AR
- M6.3+O'68X5.M

)

ew

SATYWAY CLASIN

UCL7 =4q9.43
c L =U6 %

\4

Henu PYocess Ts ot wndey Lonivo)
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ol o R-chart] & e
CONtYy l\rm)&iwﬂ 4 ;ég',i ____________________________________________________________________________________ UCLy =114 2
CLRT— K S &
— U) "y
] =0
UCLR = ||. U2 i \ ' A — "
- \ 5 &Y v S 41T 3 1 o
LCLlp = DSR =50 Somple NO—>
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@ Q.2 The following are the mean lengths and ranges of lengths of a finished product from @
10 samples each of size 5.The specification limits for length are 200 + 5 cm. S
Construct X — chart and R — chart and examine whether then process is undercontrol and
state your recommendations.

SATIWAY CLASEN

Sample No. | 2 3 4 5 6 7 8 9 |10
Mean (X) 201 198 202 200 | 203 | 204 | 199 | 196 | 199 | 201
Range (R) 5 0 7 3 3 7 2 8 5 6

Assume for n=5, A, =058, D, =211 and D; = 0.
Q\\/CD T{_ZR \§+O+7+3+3+—++1—\—%+5’\’% _Yys

R =46
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control Imits f>m X - Chart
CLi:o?oo

ULy =X +A.R
— 9004+ 053146
— 902 . $6%

Sample Mean (X))

T
ew
2051 e
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control limik fox R - thart
CL=FR
cL =Y.6
UlLg=PyR
B NIRS R
9.} 0%
‘:_.070/\'€
=0

VA

1 ew

12+ b
5
e
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7 ) 7
g}l Q.3 A drilling machine bores holes with a mean diameter of 0.5230 cm and a standard @}l
—— deviation of 0.0032 cm. Calculate the 2 — sigma and 3 — sigma upper and lower control ===

limits for means of sample of 4. (GBTU — 2010)
(A\\/GHA Q—S(?Mo\ I LCL=0-5198%cm
= = - = s _ L
X =0:5230| y(L =%+ 2% 3 Sigma Limif
" —
‘ | = X 4+ 3V
N = 00032 =0.52301+ 280 003%% o) N
Ju

UL =0.521+8LM

- X - 39
LClL = K =

L(L=0-5\d2




7)) Engineering Mathematics by Guishan Sir @

sw UNIT-5 : DPP- 08

S— Topic :Control Charts for variables (X — chart and R — chart)

(). 1 The following data shows the value of sample mean X and arange R for 10 samples of size 5 each.
Calculate the values for central line and control limits forX — chart and R chart and

determine whether the process is under control.

SATHWAY CLASIN

Sample no.: | 2 3 4 5 6 7 8 9 10
Mean X : 11.2 118 108 116 11 96 104 96 106 10
RangeR : 7 4 8 5 7 4 8 4 7 9

Assume for n=5, A, =0.577, D; =0 and D, = 2.115.
(.2 A company manufactures screws to a nominal diameter 0.500 + 0.030 cm. Five samples

were taken randomly from the manufactured lots and 3 measurements were taken on each
sample at dif ferent lengths. Following are the readings:
Sample no. Measurement per sample x(in cm)

1 2 3

2 0.494 495 0.499
3 0.498 0.515 0.487
4 0.492 0.509 0.514
5 0.490 0.508 0.499

Calculate the control limits of X and R charts. Draw X and R charts and examine whether the
process s in statistical control ?
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@ Types of control charts @

«mueumn T here are many types of control charts. Most commonly used control charts are

(i) Control Charts for variables
They are used to measure quality characteristics

L- &

(1) Control chart for sample mean (X — chart)

(2) Control chart for sample range (X — chart)

(ii) Control Charts for attributes
They are used to maintain and achieve an acceptable quality level

(1) Control chart for fraction defective (p — chart)

(2) Control chart for number of defective (np — chart) L - ﬁ

(3) Control chart for number of defects (¢ — chart)




@ Control Charts for attributes
wmwasn (1) Control charts for Fraction Defective (P — chart)
Fraction Defective (p)

__ Number of Defective item in a sample (d)
o Sample Size (n)

Z

= R~¥

p_—_

d=np
Total number of defective in all samples = Yd = Y'np %

Total number of items in all samples =¥n =N %

—

Mean Fraction Defective (p)

@

Total number of defective in all samples _ ynp __ 2 0‘
Total number of items in all samples ~ ¥n ‘\\

p=




7))
@}‘ Control limit on P — Chart are based on Binomial Distribution

By Binomial Distribution

e JP(I-P) \\//

P n

3 o control limits for P — chart

(i) CL,=P
(1) UCL, =p + 30p
(1i1) LCLy, = p — 30p

Note : If LCL is negative then it is considered as Z¢ro

@



A /‘7)
g}l Q.1 Following is the data of defective of 10 samples of size 100 each. (AKTU — 2021 22) @}l

Sample No. | 2 3 4 5 6 7 8 9 |10

S ——
Number of defective(d ) 15 | 11 9 6 5 4 3 2 7 |

construct p — chart and state whether the process is in statistical control

(A\\/emg SOmPlc NO d p = “%—o
I 15 O.1 5
K:\O 2 | 0.\
2 9 0.09
N =100 y 6 0.04
— 5 5 0-05
Zd =65 ( Uy 0.0Y
N = \oXI00=1000 T R 0.03
0.0
P-2d- 582 =003 : . 007‘
I | 0.0\
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(LF:O'OGE

UL, = P + 5%
:OOCS"T'OO.{:S

LCLD: P — iTg
:0063*0-0}3
j/0,0\
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7 )
@}l (ii) Control chart for number of defectives (np — chart)

SaTIWAY CLASIIY . ) . \
Fraction Defective (p)

__ Number of Defective item in a sample (d)
Sample Size (n)

Total number of defective in all samples = Y.d = ) np &

Total number of items in all samples =Yn =N %

Mean Fraction Defective (p)

@

Total number of defective in all samples _ ynp — id
n

p= == N

Total number of items in all samples

N\




Control limits on np — Chart are based on Binomial Distribution

By binomial distribution

., __ |itPQ1-P)
Onp = NOp = -

owp = PA-P) |

3 o control limits for np — chart

(1) CLyp =np
(i1) UCLypp = np + 30y,
(1i1) LCLyp = np — 30y,

Note : If LCL is negative then it is considered as Z¢1 o

@



7))

gy Q.2 Distinguish between the np — chart and p — chart. Following is the data of defectives -
= of 10 samples of size 100 each. Construct np — chart and give your comments. “g'}i.
Sample no. | T | 2 314 (5|6 ||7]|8|9]10
yfﬁaofdifectives: 6 | 9 (12| 5 |12 | 8 | 8 |16 |13 | 7 (AKTU — 2020 21)
(wven P =0 096 3v_ (onkol hwmts
K=10 ey— (L = NP =100 K001
WRP =N P(l'P) L F 6
N=100 | i > CL= 9.6
_ Whp = 3 100%0-094 (1= 0096
54 =96 np _
N=1600 = % B33 = .6+ .83 %
T =34 P ° UL =1%.43 %
? ’ L (L= 0 Mgp =B
Y (L = 0.36
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@ (itt) Control chart for number of defects (C — chart)

C — Chart is used when number of defects per unit are counted

Number of defects per unit = C

Mean of C

=

= Number of defective in all samples ___ 2 C,_ \\//

Total number of samples K

Control limit on C — Chart are based on poisson Distribution

Standard deviation

6. = ¢

~

3 o control limits for C — chart

(i) CL=C

(ii) UCL. = C + 30,
(iii) LCL, = C — 3a,

Note : If LCL is negative then it is considered as “¢ro

@



/\? (0.3 The number of defects observed in 10 samples of sheet of equal dimension are given

.gﬁ... below B
Sample No. | 2 3 4 5 6 7 8 9 |10
Number of defects 5 3 5 4 2 3 6 7 4

Draw a control chart for the number of defects and check whether the process is under

control or not

(hawven c =Y.

N DA

7= =1

¢ oz | 3 =
3 -
|0

SRV (OYHYO) M1 )bw C~Qh0\(t

—

CL= ¢

cL =41
U(L = C + 35 =Y
UL =\0 >

L(L = C =35
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Topic : Control Charts for Attributes (p — chart, np — chart and C — chart)

(.1 Ina factory producing spark plug, the number of defectives found in inspection of 20 lots of 100
each is given below.

LotNo. |1 |2 |3|4|5|6|7|8|9(10{11|12(13|14(15|16|17(18|19|20

%

No.of 5110(12|8 |6 (4|6 |3 |3(5|/4|7|8|3[3/4(5(8|610
defectives

Construct p — chart and satte whether the process is in statistical control. (AKTU — 2011)

(). 2 Discuss how control charts can be used in quality control of industrial products. The averge percentage of
defectives in 27 samples of size 1500 each was found to be 13.7%. construct P — chart for this situation.
Explain how the control chart can be used to control quality. (AKTU - 2014)

(). 3 An inspection of 10 samples of size 400 each from 10 lots revealed the following number of defective units.
17,15,14,26,9,4,19,12,9,15. Calculate the control limits for the number of defective units and whether the

process is under control or not. (AKTU - 2021 22)
J.4 In a blade manufacturing factory, 1000 blades are examined daily. Draw the np chart for the following
table and examine whether the process is under control ? (AKTU - 2010)
Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

No.of defectiveblades 9 10 12 8 7 15 10 12 10 8 7 13 14 15 16
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