36-220 Engineering Stats, Fall 2005
Homework 11 Solutions

Due: December 7, 2005

Regular Exercises

40.
A fyigssgipg =1.92+.02(10)-1.400.5)+.02(50)-.0006/(100)=1.96
b, flyagssgs =1.592+.02(20)-1.40(.5)+.02(50) - .0006(30) =1.40
e. B.=-0006: 1008. =—06.
d. There are no interaction predictors—e g X; = XX, --in the model. There would be
dependence if interaction predicters involving x: had been included.
3 20.0 _
e. R =1- 39_7': 490 . For testing H,:, : ,8] = ,8_:. = ,8_;_ = ﬁ_. = 0 vs. Hy: at least
&
ofle among ,B] ,B_. iz not zerao, the test statistic is F' = |]_R|—E H, will be
' (n—k-1)
490,
rejectedif f =2 F . ... =276, f= _]}{_ =6.0. Becanze 6.0 =276 .H, iz
4.2 107
23
rejected and the model is judged useful (this even though the value of R? is not all that
impressive).
41. H,: ,B] = ,83 =_..= ,Bj =0 wvs. H: at least one among ,B]__._.__,Bj 1z not zero. The test
o/
statistic is F = | . H, will be rejected if f = F,:,i_j__;_,:, =242
n=k=1)

-
= %= 2441, Because 24.41 = 2 42 H, is rejected and the model is judged
30

useful.



635.

To test H; : ,8] = ,82 =0 vs. H

[
MS5R _ _
= —E =319 31 (from output). The associated p-value is 0, 50 at any reasonable

: at least one ,B_, 2= 0, the test statistic is

level of significance, H,; should be rejected. There does appear to be a useful linear
relationship between temperature difference and at leas one of the two predictors.

The degrees of freedom for SSE=n— (k+ 1)=9—(2- 1)=& (which you could simply
read in the DF column of the printout), and £ ., = 2.447 | so the desired confidence
interval is 3.000%(2.447)( 4321)=3.000+1.0573 , or about (1.943 4 057 ).

Helding fumace temperature fixed, we estimate that the average change in temperature
difference on the die surface will be somewhere between 1.943 and 4.057.

When x; = 1300 and x; = 7, the estimated average temperature difference 1s

7 =-199.56 + .2100x, +3.000x, =—199.56 +.2100(1300 )+ 3.000(7) = 94.44
. The desired confidence interval is then 94 44 + [2.44'._-" ][.353] =0444+ B64 . or
(93.58.95.30).

From the printout, s = 1.038, so the prediction interval 13

04 44 +(2.447),/(1.058)" +(353)* =94.44 £ 2729 =(91.7197.17).

P(satis) = 51

2

P(mean | satis)= — = 3922



P(median | satis) = 2941
P{mode | satis) = 3137
S0 Mean (and not Mode!) 1s the most likely author. while Median 1s least.

83,

Let D = detection on 1™ fization. D> = detection on 2™ fization.
P{detection in at most 2 fixations) =P(Dh) + (D" ~ Do)

=P(D) +P(D2 | D1' }P(Dy)
=p+p(l-pi=p(Z-p)

Define I, Dy, ..., Dy as ina. Then Pat most n fixations)
=P(D;) +PD' “Dz}"‘zP[Dl' ~ Dy [1']5}"‘---— PDy ~Dy' .. "Dy~ Dy
=ptp(l-p)+pll-p)y +... +p(l-p)"
) 1-(1-p)"
=p[1+(1-p)+1-p) +. . +1-pf]= pe————=1-(1-p)’
1-(1-p)
Alternatively, P(at most n fixations) = 1 — P(at least n+1 are reg’d)
=1-P(no detection in 17 n fixations)
=1-PDy' ~Da' ... .aDy')
=1-(1-p)'

P(no detection in 3 fixations) = (1 — p}':'

When three experiments are performed, there are 3 different ways in which detection can
occur on exactly 2 of the experiments: (1) #1 and #2 and not #3 (1) #1 and not #2 and #3;
(it1) not#] and #2 and #3. If the impurity i3 present, the probability of exactly 2 detections in
three (independent) experiments is (. 8)(.8)(.2) + (8)(.2)(.8) + (.2)(.8)(.8) = 384. Ifthe

impurity is absent, the analogous probability is 3 1).1)(.9)=.027. Thus

P(present | detected in exactly 2 out of 3) =

Pidet ected in.exactly.2 m present)

Pidet ected inexactiv.2)

(3844 — 905

T (384)(4) + (027)(6)



64.

a. Graphof fix)=.09375(4— %)

os -
W oo
=
“E T T T T T T
2 1 o 1 2
it

b. PX=0)= [33_093?5(4—.?(3}0'}::_093?5(4x—%):| -5
0

. PL1<X<1)= []]_093?5(4—.r3)dx= 6875

5 .
d Px<-50Rx>3=1-P-5<X<3)=1- [ .09375(4 — xM)dx
w=21
=1.3672= 6328

a. POX<0)=F@0)=.5
h. P(1<X<1)=F(1)-F(-1)= &= 6875
c. P(X>35)=1-PX<=.5)=1-F(5)=1- 6836= 3164

Al 3 g X o+ 24— | = 09375(4—x)
13 321 3 )

e. Fl LT )=235 by definition. F(0) = .3 from a above, which is as desired.

Let X, ..., X denote moming times and Xy, . Xjg dencte evening times.
a. ECG -+ +X)=ECO)+ . +EX))=5EX;)+5EX;s)
=54 +5(5)=45

b, Var(X; + ...+ Xg) = Var(Xy) + ... = Var(X1p) = 5 Var(X;) + 5Var(Xs)
64 100 820
= q[l_’ﬁ —} =" = 6833

B 12 12



E(X; - Xs) =E(X1) - E(Xg) =4 - 5=-1
64 100 164
Var(X; — X5) = Var(X;) + Var(Xs) = —+——=——=13.67

12 12 12

E[CO +.. +X5) - + ... +X1g)] =54 - 5(3)=-5
Var(X; +... +X5)— (X5 + ... + X10]]
=Var(Xy + ...+ Xs) + Var(Xs + ... = X35)] = 68.33



Extra Credit
104.

A3

> N | Y
Rl =R3=R2

A3

525

13
a. PGB <Py=<B3)=———= 67.BEB|R; =R = Bs)= .33, classify as granite.
15+.073

0623

b. PG|R; <Rz =Ry)= = 2941 = 05, 50 classify as basalt.
2125

MG |B; <R; <R —E— 0667 lassify as basalt

“By <Ra) 625 .50 classify as basalt.

c. Plerronecus classif) =P(B classif as G) + P(G classif as B)
=Piclassif as G| B)P(B) + Piclassifas B | G)P(G)
=R <F;<PB; |B).7T3)+ PR <F3 <Fyor B3 <Fy <Fs | G}23)
=(10(.75) + {25+ 15).25)= 173



d. For what values of p will P(G | Bj<Fy<Bs) = 5 F(G|R; <F; <B3) = 3,

.

P(G|Rs <Ry <Ry)> .57

BG|By <Ry < R5}= 6_,_0‘ = 6'p
6p+ 1(1-p) 1+ 5p
5 /
PGB <Rs <Ry)= — 2 > Sips
25p+2(1-p) 9
15p 14
BG|B:<F; <Ra)= = 3 iff -
L) S 7= ) P17

14
¥p=> 17 always classify as granite.

FX)=0forx=0,=1forx =1, and for 0

o X o 1

1
= 3iff p>—

7

(most restrictive)

F(X)=[_fG)dv = 90y* A= n)dy =90 (v* - »°)dv
90':-;_.]-"; _%Jlm ﬂ] 105" — 95"

og

F(.5)= 105" - 9(.5)"" = 0107

P(25 <X < 5)=F(5)- F(25) = 0107 - [10{.25)° - 9(25)']

= 0107 — 0000 = 0107

The 75 percentile is the value of x for which F(x) = .75
= 75=10x" - ox)*" — x= 9036



w 1 1
e. E®=| x-f(x)dx =[ﬂ £-905°(1 — x¥)dx = QDL * (1- x)ax
=9y’

o_so il _ 3. 8182
]]'{' fi} — 11 = .818_

o =

5= " x? - f(x)dx =[ﬂ] 905" (1= x)dx = 90 [: 1901 = x)dx
e B N 31

V(X)= 6818 (8182) = 0124, oy= 11134,

f pto=(7068, 9295). Thus, P(u- o <X < u+c)=F(9295)— F(.7068)
= 8465 - 1602 = 6863

2. Eaea=EG®)- [ ol f(dr= [ m A 21— 20— Jar
I Al

) L 2(1-(100 = 207+ ) i =

3]
4)
3 .
2l 2997 + 2007 =1 *dr =100 21
4 a

43.
a. x =26, x%=27250, and xx = (2.6)(2530) = 630, 30
7 =18549-4597(2.6)-0.3015(250)+ 0.0888(650) = 48.313

b. Mo, it 13 not legitimate to interpret ,3] in this way. It is not possible to increase by 1 unit
the cobalt content, x;, while keeping the interaction predictor, 33, fixed. When x
changes, so does x;3, since X3 =X %.

c. Yes, there appears to be a useful linear relationship between v and the predictors. We

determine this by observing that the p-value corresponding to the model utility test is <
0001 (F test statistic = 18924

d. We wish to test Hﬂ : ,B_;_ =0 vs Ha : ,8_;_ # (). The test statistic is t=3 496, with a

corresponding p-value of 0030, Since the p-value i3 < alpha = 01, we reject H, and
conclude that the interaction predictor does provide vseful information about .

e. A 95% ClI for the mean value of surface area under the stated circumstances requires the
following quantities:

$=183.49-4597(2)-0.3015(500)+ 0.0888(2 (300 ) =31.598 . Next,
tiasis = 2-120. so the 95% confidence interval is

31.598£(2.120)(4.69)=31.598+9.9428 =(21.6552,41.5408

47.
a. Fora 1% increase in the percentage plastics, we would expect a 28.9 keallcg increase in

energy content. Also, for a 1% increase in the modsture, we would expect a 37.4 keal'kg
decrease in energy content.



T6.

The appropriate hypothesesare Hy - B, = B, = B; = B, =0 vs. H, : atleastone

,8_, # 0. The value of the F test statistic 15 167.71, with a corresponding p-value that is

extremely small. So, we reject H; and conclude that at least one of the four predictors 1s
useful in predicting energy content, using a linear model.

H,:B;=0wvs H,: B; 0. The value of the t test statistic is t = 2.24, with a

corresponding p-value of 034, which is less than the significance level of .05, So we can
reject Hy and conclude that percentage garbage provides useful information about energy
consumption, given that the other three predictors remain in the model.

7 =22449+28925(20)+ 7.644(25)+4.297(40)-37.354(45)=1303.5.
and 1,5, = 2.060 . (Note an error in the text: 55 = 12,47 not 746). Soa93% CI

for the true average energy content under these circumstances is
1505.5£(2.060)12.47)=1505.5£25.69 = (1479.8,1531.1). Because the
interval 1s reasonably narrow, we would conclude that the mean energy content has been
precisely estumated.

A 95% prediction interval for the energy content of a waste sample having the specified
]

characteristics is 1303.5%(2.060),/(31.48)° +(12.47)

=1505.5+69.75 = (1435.715752).

H,: ,B] = ,82 =0 will be rejected in favor of M, : either ,B] or ,32 =0 if

R? (T
f - T’z > Py = Faizr =955 5ST=5p? -2 o645 5o
P -y n
2 33
RP=1- 26.98 =.898.and = ’35' = 30 8. Because 30.3 =955 H, is rejected at
264.5 |..]'.'12}g;

significance level .01 and the guadratic model is judged vseful.

The hypotheses are Hy - 8, =0 vs. H, : B, 2 0. The test statistic value is

B
value <0 001. The quadratic predicter should not be eliminated.

x=1there, and fiy; = By = fi(1)+ B(1)* =45.96. 7, =1.895 . ziving the C L
45.96 =(1.895)(1.031) = (44.01.47.91).

20.79
Tes, p-value = 007 which is less than 01.

No, p-value = 043 which is less than 05,



d. 14167 =(2.447)(.03301) =(.0609..2224 )

e. ;3_1-9.5-5 = 6.3067 . vsing & = 05, the interval is

6.3067 =(2.447)./(4851 ) = (162)* =(5.06.7.56)



