
Formulas for Exam 1

• Process Capability

Theoretical Estimate

Cp = USL−LSL
6σ

Ĉp = USL−LSL
6s

CPU = USL−µ
3σ

ˆCPU = USL−X
3s

% > USL = Pr(Z > 3CPU) % > USL = Pr(Z > 3 ˆCPU)

CPL = µ−LSL
3σ

ˆCPL = X−LSL
3s

% < LSL = Pr(Z > −3CPL) % < LSL = Pr(Z > −3 ˆCPL)

Cpk = min(CPU, CPL) Ĉpk = min( ˆCPU, ˆCPL)

m = LSL+USL
2 m = LSL+USL

2

k = 2|m−µ|
(USL−LSL) k̂ = 2|m−X|

(USL−LSL)

Cpk = Cp(1 − k) Ĉpk = Ĉp(1 − k̂)

s =

√

√

√

√

√

Σ(Xi − X)2

N − 1

One can also use: σ̂ = R
d2

or σ̃ = s
c4

instead of s as an estimate of σ in

any of the formulas.
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• Analysis of Variance: k groups, n obs. per group

SSWithin = SSrepError = Σ(n − 1)s2
i

df = Σ(n − 1) = k(n − 1)

MSWithin = MSrepError = s2
p =

SSWithin

k(n − 1)

LSD = tα/2,k(n−1)

√

s2
p

√

√

√

√

√

2

n
Replace tα/2,k(n−1) by the value 2. If you want greater confidence

use the value of 3 instead.

• Least Squares Regression

m̂1 =
(ΣC1iY i)

(ΣC2
1i)

b̂ = Y Ŷ = b̂ + m̂1C1

SSLinear = (m̂1)
2n(ΣC2

1i) dfLinear = 1

tLinear =
√

F =

√

√

√

√

√

√

MSLinear

MSrepError

The linear term is significant if tLinear is greater than 2 or 3.

m̂2 =
(ΣC2iY i)

(ΣC2
2i)

Ŷ = b̂ + m̂1C1 + m̂2C2

SSQuad = (m̂2)
2n(ΣC2

2i) dfQuad = 1

tQuad =
√

F =

√

√

√

√

√

√

MSQuad

MSrepError

The quadratic term is significant if tQuad is greater than 2 or 3.

R2 =
SSModel

SSTotal
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