Equation Sheet for MEGR 3282: SPC & Metrology

Distributions
Name pdf mean variance
_ nD DY N-n
Hypergeometric p(x) _ATARTE) x=0,1,2,... min(n,D) nD 7(1 h WJ( N -1 J
N N

Binomial p(x)= [ Jp"(l -p)™ x=012,..n np np(1-p)

X

-4 qx
Poisson p(x) = ¢ 'ﬁ“ =0,1, A A

X.
Normal f(x) = 1 e_%(%] —0< X< H o’
o2z
Exponential f (x) =le™ x20 l i
A A
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Two-sided confidence intervals

statistic Interval
mean - o - o
. X~Z,y——=S<pUSX+Z,,—
(variance known) af \/; af \/;
S S

mean
(variance unknown)

variance

difference between means
(variance known)

difference between means
(variance unknown)

_ 1 1 < v _=
X=X, _ta/Z,n1+n2—2Sp n_"'n_ SH T SX Xt ta/Z,n1+n2—ZSp
1 2

1\c2 1\c2
where Sp = \/(’11 ln)S:_:l_ (’7_22 I)Sz
1 2

Ratio of variances
(for normal distributions)

2 2 2
S o S
2L g <01 P

2 1-a/2,n,—1,n,-1 — 2 - 2 a/2,n,—1,n,—1
S2 /2.1, 1 O_z S2 /2,1, 1
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Hypothesis tests:

Test on means with known variance

Hypothesis Criteria for Rejection Test Statistic
Hy:p=p
" 0 12,|> 2.,
H,:p#p,
H,:u= X —
0o-H=H Z,<~7. Z, = Hy
H, :u<upy, U/\/;
Hy:pu=p
b ‘ Z,>7,
Hy >,
Hy:p = p
o. 1 2 |ZO|>Za/2
Hy oy # iy
X, — X,
H,:py = Z, =
0= Z,<-Z, ’ ol o)
Hy oy < py o
non
Hy:p =p
oro o Z,>Z,
Hy > py
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Hypothesis tests (continued):

Test on means of normal distributions with unknown variance

Hypothesis Criteria for Rejection Test Statistic
Hy:p=p,
. |t0| > ta/Z,n—l
H,:pu#p,
Hy:p=p, f <t t_)_c_/uo
~t, . 0 =
H, :u<uy, ° wnl S/\/;
Hy:p=p, P
. 0 a,n-1
H,:pu> u,
o2 2 o2 2
H,:p =, |t|>t if oy =0;,, if oy #0;,,
. 0 a/2,v
Hy oy, # ¥ X
_ MM
" s
Hy:p =, o<t L Ly 2
. 0 a,v X X n n
H, :p <p, t, = 1L 1 2
1 1
S, ]+ 5 2\2
n n
H:py =, = l -
t,>t,, v=n+n, -2 5 2 5 2
H, : oy, > u, 0 ’ (Sl/nl) +(S2/nz)
n, +1 n,+1
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Hypothesis tests (continued):

Tests on variances of normal distributions

Hypothesis

Criteria for Rejection

Test Statistic

2 2
Xy > Xa/Z,n—l or

) 2 2 2
H :o" #0, X, < Xl—a/Z,n—l
L2 2 2
H,:0" =0, ) ) Xz_(n—l)S
L2 2 XO < Xl—a,n—l 0~ 2
H :0° <o, G
L2 2
H,:0" =0, X2 s X2
H, 0’ >0} 0 ol
1- 0
L2 2 2
H,:0y =0, £y > Fa/Z,nl—l,nz—l or F S,
2 2 0 2
H1 o, * o, FO < E—a/z,nl—l,nz—l SZ
L2 2 2
H,:0f =0, FsF F S,
2 2 0 a,ny—1,n-1 0o~ 2
H,:0; <o, S,
L2 2 2
1o =0, F,>F F =S
0 a,n—1,n,-1 0 2
2 2
H, :o; >0, S;
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Variables control charts:

1, o given.
Quality Characteristic Center Line Control Limits
X H HT Ao
R d,o UCL=D,o, LCL=D,c
S ¢, UCL=B,o, LCL=B,o

I, o not given (unknown).

X x X+t AR, or X+ AS
R R UCL=D,R, LCL=D,R
N S UCL=B,S, LCL=B,S
Attributes control charts:
Quality Characteristic Center Line Control Limits
Fraction non-conforming (p given) p px3 p (1 —p )
n

Fraction non-conforming (p not given)

aNT]
anT]
-+
(98]
o T
)
S |
=Sl
N—

Number non-conforming (p given) np npt3 np(l - p)
Number non-conforming (p rot given) np np +3,/np(l— ﬁ)
Non-conformities (¢ given) C ct+ 3\/2

9|
o
I+
w
By

Non-conformities (c not given)

Average number of non-conformities
per unit

|

<

I+

w
ST
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ANOVA testing:

There are a different treatment levels, with n replicates per treatment.

yi.=zyij yi.:yi./n
=

DN y.=y /N

i=l j=1

SST = SST reatments + SSE ’ where
i=1 j=1

I

SSTreatmentS = HZ(yz - .)_})2
i=1

S8, :Za:i(yij _yi.)z

i=1 j=1

SS reatments SS
MSTreatments = ﬁ MSE - a(n fl)

M STreatm ents

The test statistic is f{, = >
MS,

which — if Hy is true — is F-distributed with a-/ and a(n-1) degrees of freedom.
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