STATISTICS AND SPREADSHEETS

4-1.  The smaller the standard deviation, the greater the precision, There is no necessary
relationship bewween standard deviation and accoracy. The staiistics that we do in
this chapter perlains to precision, ot acCuracy.

4-2, (a) po corresponds toz=—1toz=+], The area fromz=0{cz=41is

0,341 3, The area from g =0 to 7 = -1 is also 0,341 3,
Total area (= fraction of population) from g =1 oz =+] = G.6820.

(b} z=-2toz=+42 = area=2x 04773 = 09546

(c} z=010 z=41 = wrea=10.3413

fd) z2=01t0z=0.5 = area=0.1915

() Areafromz=-{10z=0103413. Areafromz=-~05t0oz=0is0.1915.
Area romz=—-11t0oz=-05i80.3413-0.1915 =0.1498.

4-3. (1) Mean = ; {1.526 60+ 1.529 74 + 1.52592 + 1.527 31 + 1.528 94 +
L1528 04 + 1.526 85 + 1.52793) = 1.527 67
(b) Standard deviation =

_ 2 0., _ 2
,\FI.SZGG{} 1.52767)2 4 -+ (1.52793 = 1.527671 _ (oo oc

a3 -1
(c) Variance = (0.00126)2 = 1,59 x 106

4-4.  {a) 1000 hours corresponds to z = (1000 — 845.2)/64.2 = 1.643,
To find the area from X to z = 1,643, we interpolate between z = 1.6 and z =
1.7. The arca from X to z = 1.6 in Table 4-1 i 0,445 2 and the area from & to z
= 1.7 15 0.455 4.

Arcabetween z = 1.6 and z = 1,643

= G?gg L }{0.455 4~04452) = 0.0044
Fraction of i ) Ama]’uet.w&e?
interval belweon s=FGamlz= 1.7

s=01l0andz=1.7

Arafromxto g = 1.643 ={area from Xtoz=16+arealiomz=1.6toz =
1.643) = 04452 + 0.004 4 = 0.440 6
Area beyond z = 1.643 i3 0.5000 ~ 0,449 6 = 0,050 4

(b)Y BOO o B45.2: 7 =-04798 = area = 00,1842



4.5,

4-7.

4-9,

4-10.

4"‘11!

4.12.

845,210 900: z= 0.5817 = area = 0,.2195
Total area fram 800 1o 900 = 04037

The values 14,55 o 14,60 correspond to the range (z = 0.504 7) (o (z = 0.9720),
Interpolating in Table 4-1, the arca between the two is .334 2 - 0,193 1 = 0141 1.

Your carve should look like the one in Figure 4-1.

Use the same spreadsheet as in the previous problem, but vary the standard
deviaiion. Here are (he results;
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A confidence interval is a region around the measured mean in which the true mean
15 tikely to lie.

Since the bars are drawn at a 509 conflidence level, 50% of them ought to include
the mean value it many experiments are perforimed. 90% of the 90% confidence
bars must teach the mean value if we do enough experfiments, The %0% bars must
be langer than the 50% bars becanse more of the $0% bars must reach the mean.

Casc 1: Comparing & measared result to a "known” valie. {Use Equation 4-7.)
Case 2; Comparing replicate measurements. (Use Equations 4-8 and 4-9 if the two
standard deviations arc not significanily different from sach other, Use
Equations 4-8a and 4-9a if the slandard deviations are significantly different.)
Case 3¢ Comparing individual differences. (Use Equations 4-10 and 4-11.)

% o=0ldg, 5=0.00

90% confidence: W= 0.14g + {2.0112{53_&.{:-34} = 0.14g £ 0.028
99% confidence: ft=0.14g £ {4'03?%”'[)3 ) = 0,145 % 0.056
999 confidence interval: § + Gm“f%;”“” 07) « %4 000010

(1.527 83 to 1.528 03).



4-13. (2} dL = deciliter = 0.1 L = 100 mL

{(b) Fealevtated = (0.053/0.047)% = 1,59 <Fiaple = 6.26 (for 5 degrees of freedom in
the numerator and 4 degrees of froedom in ihe denominator), Since Fealculated
<Fiahle. We can use the following equations:

Spooled = '\/0'532{2{;% 0.422(4)

6-}-5—2_
;o J14:57 13950 , /ﬁ-ﬂ B
- 0.484 O+4+3 ~

degrecs of freedom), The results ugree and the traince shonld be released.

= (L4R4

212 « 2,262 (listed for 95% confidence and 9

4-14. Sample Mecthod ] Method 2 i di ~d {ch _.Eg)fi
A G013 4 (0.0135 -0.000 1 +0.000 6 3.6 107
B G.014 4 001356 00012  -0.0005 2.5 % 107
{J 0.0126 0.0137 ~3,001 1 ~0.000 4 1.6 107
D 0125 0.0137 ~(.001 2 ~0.0005 2.5 % 107
E 0.0137 0.0136 OO0 1 +0.0008 4 107
d=—0.00070 sum= 16.6x 17
Tid; — d)?
sa="\ e 104
t =% V3 = 244 <2776 (Stndent's ¢ for 4 degrees of frecdom)
The diffcrence 13 pot significant,
4-15. In the spreadsheet below we find 2og10u3atea (Which is labeled t Stat in cell F9) is less
than e (& Critical two-tail in cell F13). Thercfore the difference is not significant,
A | B | C | D E | F G
1 |Comparing Endividual Differences t-Test; Palrad Two Sample for Maans
2 Variabe { | Varlable 2
3 _|Sample |Method A |Method B , |Mean 1.995 1.935
4 1 1.46 1.42] Variance 0.3B515, __0.36699
5 el 2.0 2.48; _ | Dhagrvations E! f
b 3 284 2,87 _Pearson Correlation | 0.980343,
7 4 1.97| _ 1.80° Hypothesized Mean DIf 0,
6 | _. 8133 1.08 df S 5 _
5 6 2 35 2.25 't Stat _ i.2]
10 .| F{T==0)_one-tail .| 0141948
11 |t Stat in cell FS Is leas than t Critical one-tail __ 2.015045 o
1.2 |t Critical in cell F13, 50 the P(T<=t) two-tail 0263801
1 3 [differance iz not significant t Crltleal two-tail 2.570578

4-16.

Iz cell G2, fealenlated = 3,109 94, For= 10— 1 =9 degrecs of freedom, fible in

Table 4-2 for 35% confidence iz 2.262, which agrees with the value in cell G13.
Since foglenlated < fanle. the difference between the two methods is not significant,
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Al B T ¢ [DpTE] F &G H
1 1Comparing individual diffarences | 1+-Test Palred Two Sampls for Means
2 R . VVarabio 1 | Variable 2
3 | sampie | Gravimetl Spectio Mean 32.06) _ a2
4 S 25 5 24.4 varlanes o88,3671| 273.06867
5 2, g2 100" | _ Dbser\mtruns 10 1o
6 | 2 28.2 2b.8: . [Pearson Corredation D QQE{JB" e,
7 4l . 505 47 .3 _|Hypothesized Maan Diffra_r_ g
8 2 - 25.6 28,6 af S . | R
9 6i_..167 _150| __ Jt Stat | 009944
1af 7 a2.8] _43.2| | {P(Tz=U one-tai 0.457488 _
11 B £5.0 54.9 t_Critical one-lall | 18’3t
12| o B3B8 537 P{T<=t)_two-tall .0.914886
13 11 15.5 17.1; b Critical btwo-tail . 2.262'150

. 23301 % . .

4-17. n=x =+ {———(31(—01 = % + 1.1g % « 1.2%. The answer is yes.

4-18. For indicators 1 and 27 Feajoulateg = (0.002 25/0,000 9832 = 5.27 »Fianle = 2.2 (lor
27 degrees of freedom in the numerator and 17 degrees of freedom in the
denominator}, Since Fepleuisted >Fiable, We use the following cquations:

2 . gnl A
Degress of freedam = (s15/my + 557 112)
i%m)? | (32%n9)?
i1+l aa-kl
2 2 2
(0.002 252/28 + 0.000 98%/18) © ) m 409 =41
(0.002 252/28)¢  (D.000 982/18)2
( 281 15+
x| - &4 I6.095 65 - 0.086 86l
fealentated = L 2 = = = (8.2
Ns12aq + s2%ng N0O.002 252128 + 0.000 982/18
This is mugch greater than ¢ for 41 degrees of freedom, which is ~2,.02. The
difference is significant.
For ndicators 2 and 3: Fegleulared = (0.001 13/0.000 98)2 = .33 <Fiyble =~ 2.2 (for
28 degrees of freedom in the avmerator and 17 degrees of freedom in the
dlenominator). Since Foalcatated <Ftables We use the following equations:
i 2 2
o f 312 (i-1) ks (Ap-l)
Spooled = ‘\/ ny 4+ Ay .2 = 0.0010758
- gl T . o e . rnificant.
fcplculated = spooled i1+ 12 1.30 < 2.002 = difference is not signilican
30.0% 29.8%(31
419, Spocled = \j“'ﬂ O5(31) + 29.8431) = 299

_ 52.9-31.4 , /3232
P="959 EV Y]

dom, which is close [0 62. The difference is significant at the 95 and 99% levels,

= 2.88. The table gives ¢ for 60 degrees of free-




420,

4-21.

4-22.

T—dm—per—a

X=970n § =1.655

1! alue — 4 LA
__mown;ﬂlue x|% - i_gﬂLﬁlﬁ—?':]Dlﬁ = 3.24

For 4 degrees of freedom and 95% confidence, fiuhe =2.776.

Because fegieutaed (3.23) > fae (2.776), the difference i significant.

With one more measurement of 94.5, ¥ = 96.5g, s = 1.8, and fzalcutared (2.60) >
Hable (2.571). The differcnee ig still significant.

lealoulated =

{a) Rainwater:
Feateulated = (0.008/0.005)2 = 2. 56 <Faple = 4.53 (for 4 degrees of freedom in
the numerator and & degrees of freedom in the denominator). Since Feqicglated
<Fiable, We use the [ollowing equalions;

0.0052(6) + 0.0082(4)

fpooled = ) = 0.00047
0.069 — 0.063 7 -5
rcﬂl-::ulaied="'“‘“{‘m—6ﬂ“—""' T+ 5" lgr < iable = 2.228.

Dilference is not significant.

Dxiinking water:

Fealeutued = {0.008/0.007)2 = 1.37 <Figpye = 6.39 (for 4 degrees of freedom in
the pumerator and 4 degrecs of freedom in the denomyinator). Since Foglemated
<Frahle. we use the followlng equations:

0.007%(4 0.008?
Spooled = '\/ R 2 008 — 00075

54+ 5 -2
_ 0,087 - 0.078 /5 - T _ . e
f= 0.0075; 54 5= 1. go < 2,306, Difference is not significant.

(b) Cas chromatography:

. f[).D{JSQ ) 4+ 0.0072(4
Spooled = T(_? 5.7 4) _ 0.005gg

_ 0078 -~ 0,069 75 _ . - C
po= 0. {0538 - =2.41 > 2.228. Difference is significant.
Spectrophotomelry:

0.0082(4) + 0.008%(4
Spooled = '\[ 5(4_) ) ©) = 0.00800

= 0:087 - 0.063 2L = 4,94 = 2.306, Difference j§ significant,

0.00800 545

Q= (216 - 204) / (216 — 192) = 0.50 < 0.64. Relain 216.



