
a) 107.870 g) 0.0010

b) 1.0080 h) 100

c) 22,400 i) 1 ,000.027

d) 96,500 j3 1 .78OxlO'

e) 169.880 k) 1.780~40-~

f) 1020.3 1) 6.023x10z3

a) 107.870 = 6

b)1.0080  =5

c) 22,400 = 5 nio 3

d) 96,500 = 5 ?&I 3

e) 169.880 = 6

fJ 1020.3 = !

g) 0.0010 = 2

h) 100 = 3 do I

i) 1000.027 = 7

m) 0.0607

n) 9966

o) 0.0003644

p) 0.008614

q) 684.5

r) 9004

j )  1.780x105 = 4

k )  1.780x IO-’ = 4

I )  6.023x  IO”  = 4

m) 0.0607 = 3

n) 9966 =4

0) 0.0003644 = 4

p) 0.008614 = 4

9) 684.5 =4

0 9004 = 4
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a) 2.50+0.0850+40.255+0.1254=  ? FlalJ 42.97

b) 27.40+5.735+6.8164+0.565  = ? Flail 40.52

c).16.6+0.06018+7.015+0.14245  = ? mall 23.8

d)  646+6.46+64.6+0.646  = ?

e) 40.3+0.1506 -254-25.05  = ?

f)  1.439+0.3333+70.1-6.0  = ?

g) 6.9897+321 .04+2.971+0.225  = ?

2.50

0.08
+

40.26

0.13

42.97-

c)  16.6+0.06018+7.015+0.14245  = ?I

Ql6l.l  42.97
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a)

b)

C)

d)

e)

f)

CH 233 (H)

2.50x0.1254 = ?
40.255x0.0850

5.735x0.565 = ?
27.40x6.8164

16.6x0.06018 = ?
7.015x0.14245

646x0-646 = ?

64.6x6.46

40.3x0.150 = ?

1 .254x25.050

(1 .35X1 o4 )(3.5Yl  o6 ) = ?

(6.95xl  04)(2.712xl  O6 )
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9)

h)

i)

j)

k)

(2.240x1  04)(9.8xl 0" ) = ?

(6.023x10z3 )(l .86xl o-' )

6.488-6.012 = ?
1.250

6.488x6.012 =?
1.250

(80.68)(35.46-1  .293)(0.076) = ?
(3.033-0.0456)

(O-0953)(79.97-35.46) =?
(1.8754)(119.02)

a)
2.50x0.1254  ,

40.255x0.0850 = '

= 0.4%

.-a 0.09162x0&;  = 0.0003664

~rn~tJii9ti~~nrl;lus~~aiu~~~~~uuuu~n~~?~nff~uu  4 +J

:. !htl& 0.0916

W
5.735x0.565  ,
27.40x6.8164  = * I

wnn15hmll  = 0.017349

ss’?mu~~Qj”?,urri,,~uuu~u~n~u~“~?”  50 0.565

= 0.2%

- 0.017349xg  = 0.m307. .
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= 1-x100
646

= 0.16%
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r) (1.35 x 103(3.5X 103
(6.95 x lOq(2.712  x 106, =

7

bWll5n'l~?Ul  = 0.25068

4 6.488-6.012 = ,
1.250 *

h%WhhJ  6.488-6.012 = 0.476

. 0.476. . - = 0.3808
1.250
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0.001= -xl00
0.476

= 0.21%

' 0.3808~~~  = 0.0008. .

* fholOLl~~  0.3808. .

9
6.488+6.012  = 7

1.250

h&Mlr~ldoU  6.488 +6.012 = 12.500

12.500=?
1.250

= 1o.ooo

~o.~x"~Ool  = 0008- .
1.250

. fhBImJdD  10.000. .

j) (80.68)(35&i-  1.293)(0.076)  = .,
(3.033-0.0456) '

tiFlWdld0U  35.46 - 1.293 = 34.17

3.033 -0.0456 = 2.987

. 80.68x34.17x0.076 = 70.14378. .
2.987

70.14378~'#~ = 0.9229

* d1mJdo  70.1*.

(0.0953)(79.97-35.46)  = 7
(1.8754)(119.02) I

, I

G~wnddou  79.97-35.46 = 44.51

0.0953x44.51 = 00190036
1.8754 x 119.02 ’

0.019CO36x~~  = 0.0000199

:. fhmYii0  0.01900
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a) % Cl W&25.21,25.46,25.66,25.32 fil9~~ = 25.41

b) k Fe ~~~~iil5.24,14.84,15.02,14.90  rilOjJ =15.30

c) % soJJ~~~~30.44,30.30,30.60,30.37 cil1jJ = 30.60

d) % S cta@jg 5.067,5.050,5.094,5.082  fil& = 5.083

e) % Cl~fi~~&22.21,22.38,22.25,22.43,22.37 f#J = 22.47

f) % Cd ~~ff\l~40.14,39.86,40.02,39.92,40.35  h% = 39.86
I

g) k Mn U~~~~6.050,6.048,6.068,6.054,6.056 fi1lt.l = 6.064

h) % S ~~~~t‘lii15.15,15.00,15.27.15.21,15.30  fill% =15.25

n'lflDu  (LTdWl&l a),b) LltE c))

(a)(l) &,Q&,  (x, = 25.21+25.46+25.66+25.3?
4

% Cl  tdu = 25.42

(2) x1 1 xi-z  I (X,-X)’
25.21 0.21 0.0441

25.46 0.04 0.0016

25.66 0.24 0.0576

25.33 0.09 0.0081

51110.58 0.1114

tniiu 0.145
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f(llnaa”uo~r;,rij”~ruu~u~n~
= O~xl,OOO

= 5.70 %o

(3) h.hJwJuYJlwrpI  (S) = JT

= JyB

= 0.19

(4) ~l,~“J,uuu7R~~,udu~nd

= 0.19x1,ooo
25.42

= 7.47 %r

(W(l) fi11aitu  (Z)  = 15.24+  14.84+ 15.02+ 14.90
4

= 15.00

(2) X‘ 1X,-E  I (X,-Z)'

15.24 0.24 0.0576

14.84 0.16 0.0256

15.02 0.02 0.0004

14.90 0.10 0.0100-

¶-JU 0.52 0.0936
*-

-

r&J  0.13=
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(d (1) n',6n&,  (57, = 30.44+30.30+30.60+30.37
4

= 30.43

(2) Xi IXi-Xl (Xi-X)'

30.44 0.01 0.0001

30.30 o.i3 0.0169

30.60 0.17 0.0289

30.37 0.06 0.0036-

S-JOJ 0.37 0.0495-.
6&u 0.092-

0.092
30.43 x '*om

= 3.02 %
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Q 25.66-25.46
‘*’  = 25.66-25.21

= 0.44

= 0.24
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Qe..r  < Qwit
* fhvi1qa 25.21 f#GiiJWle;. .

(b) LiUju’oyRPnudla’YQlnw’ou’lJuln

14.84, 14.90, 15.02, 15.24

iiwMlfilrpq~

Q 15.24-  15.02
=*’ = 15.24-  14.84

= 0.55

Q.-t  -c  Qwi.

QCd  = 14.!90-  14.84
15.24 - 14.84

(C)  liuJu’oynmlun’l~~ol~~~“~~~l~

30.30,30.37.30.44,30.60
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sample no.

1 398

2 3 9 6

3 398

4 3 9 2

5 393

6 401

filPWIlJ

Xi IXi  -x 1 (xi-  57y

398 1.67 2.7889

3 9 6 .33 0.1089

398 1.67 2.7889

3 9 2 4.33 18.7489

393 ‘3.33 11.0889

401- 4.67 21.8089

53u 2378 16.00 57.3334*-
NdU 396.33 2.67,-

a) fillniiu  (X)  5 396

b) fhdUJl,Utfi~5ti I 2.67

r 3
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= 7%q

c) fi-ln?llJFinwnlm8lJ~5d (lJ0ai3fld14~  1)

= 398-400

OlalJ a) 18.5k3.1  (80% c-1.)

18.5*4.7(95’s  c.1.)
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a) 80% confidence limit for v = x It ZCJ

= 18.5 f 1.29x2.4

= l&5*3.1

95 % confidence limit for fl  = 18.5 f 1.96 x 2.4

= 18.5 *4.7

b) 80 @IO  confidence limit for p = ? *
%

E 18.5 .‘.’  ;2.4
+-

= 18.5 1t2.2

95 olo confidence limit for p = 18.5 f 1.%x  2*4
-z-

= 18.523.3

c) 80 % confidence limit for p = 18.5 t 1*29x  2*4
7

= 18.5*1.6

95 Vo confidence limit for p = 18.5 *>F

= 18.5 zt2.4

ViOY S = 0.031, 9 5 % c.1.  = 0.72 + 0.077

&,&  q. s = 0.724  +0.693 + 0.755
3

= 0.724

SD. = (o)*+(-0.031)‘+(0.031)’
2

= *0.031
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a) ha&J  = 3.15+3.25+3.26
3

= 3.22

s = (0.b7)*+(0.03)~+(0.04)2
2

= kO.061

95 moconfidence  limit for p = ?? f ts
5

= 3,22+4.3OxO.O6l

Js

= 3.22 20.15

b) 95 % confidence limit for p = 3.22 + 1.96x0.05
-m-

b) 99% c-l.,  N=lO

44 CH233(H)



95.Q  confidence interval = 2 ”
fi

k2.0  = 21.96x2.4
--T-

fi =  2 . 3 5 2

N 2 6 n&

99 % confidence interval = + c
-m

+ 2.58 x 2.422.0  = -
n

fi  = 3.096

confidence interval =

0.03 =

fl=

.: N =

2) i%~n’ufl?llJfiu~o  95 %

0.03 =

CH 233 (H)

1.72

3 “55

-t  1.96x0.020

--z-
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J-z = 1.31

0.015 = *Ly!y

,/?  = 2.19

. N=S. . “h

a) 41.37, 41.61, 41.134, 41.70

b) 7.300, 7.204, 7.388, 7.292

c) 85.10, 84.62, 84.70

d) 85.10, 84.62, 84.65, 84.70

a) filiiidflGi&J  fil  41.37

fil~~~~ddl  41.84

d1d1q.aM1  41.37

Q 41.61 -41.37sll,l  = 41.84-41.37

= 0.51

Qoi, l&l  n = 4 %I = 0.76
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21)OJ~lP(?~~1Cil~~lUi~~~~~~~~~~~~~~~~~~~~~~l~~~~~~~~~~~

a) y = 100.20 (+O.OS) -99.62 (+0.06)  +0.200  (-0.004) = 0.780

b) y = O.OOlO(-0.0005) x18.10(+0.02) x200(+1) = 3.62

c) y = [33.33 (+0.03)13 = 12.3407 x 10'

d)y= 2(-l)
loo(+l) = 5.

a) Ay = Aa-Ab+Ac

= (+0.08)-(+0.06)+(-0.004)

= 0.016

y = 0.78(+0.02)

b)

= (-0.05)+(t0.0011)+(0.00~)

= - 0.044

= +0.0027

Ay = +0.0027x12.3407x105

= +o.0333x105

' y = 12.34(+0.03)  10'

48
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4 Q _ Aa Ab_ - - -
Y a b

= 0.01+0.5
I

= 0.51

Ay = 50x0.51

=  2 5 . 5

’ y = 50(+26). .

a) y = 6.75(fO.U3)+0.843(fO.O01  J-7.021 (fo.001  ) = 0.572

b) y = ~g.g7(f~.0U4)+u.0u306+0.0001  )+l .29(*O.O8)  = 21 -263

c) y = 67.1 (fU.3)ti  .03(+0.02)x1UL7 = 6.9113~10-~~

d) y =243(*)  X 760(S) = 183578.5
1.006(+U.U06)

e) y x143(&6)  - 64(+3)
1249~~ )+77(s)

=-5.9578x1o-z

f) y = 1 .97(?rO.O1 )
243(S)

= 8 .l 06996x1 O-3

g) y = [9.6(f0.2)13 = 854,736

h) y.= [J .03(+0.04)x10-14  " = 4 .6a75xlo-6

i) y = F-1 .U2 (kO.02  )xlO-'  I-[3.54(*0.2  )xl O-'1 = -1 .374xl'O-'

ilPl0U

a) s y  =  J-m

zz J(o.03)‘+(o.001)2+(o.001)z

=  0 . 0 3

:. y  =  0.57kO.03
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b) SY = J(o.w+  (0.0001)‘+  (o.osy

=  0 .09

.‘. y = 21.26iO.09

Sy = 0.02x6.91 13 x lo-l6

= 0.138 x lo-l6

= 0.1 x 10-16

.‘. Y  = 6.9(~0.1)x10-‘6

4 Y = 1.84~10’

= 16.9x 10-‘+6.9x  lO-6+35.5x  IO-~

= 7.6x IO-”

= 0.0076

SY = 0.0076x 183578.5

= 1395.19

= 0.01 xlos

.: Y = 1.84(~0.01)X105

s, = &qqg

=  6 .7

= 7
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= 8.06

y = 79(*7)
1326(  *8)

= 478.5  x lo-•+0.363  x lo-’

=. 8.9 x 10-l

Sy = 8.9 x lo-‘x 5.9578 x lo-’

= 0.5x10-’

y  =  6.0(*0.5)x10-’

= JO.257 x lo-‘+  1.52 x 10”

= 1.3x10-’

S y  =  1.3x10-‘x8.106996x10-’

= 0.1x10-3

- y = 8.1 (*0.1)x  10-j. .

= 0.062

sy = 0.062 x 884.736

= 55

a 0.6x  10’

y = 8.8(*0.6)x10’
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sy = 0.013 x4.6875x lo-’

= 0.06x  10-6

.‘.  y = 4.69(  iO.06)~ lo+

i) y = -1.02(*0.02)x10-‘-0.354(*0.02)X10-’

= - 1.374 x lo-’

SY  = J (omy + (0.02)’

= 0.03

.: y = 1.37(*0.03)x10-’

23), 24), 2 5 )  %~V%I~~"I~~U~ULOS
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I I

1 . Analysts A and B reported the following percentages of iron in the same sample :A: 20.48,

20.55,20.58,20.60, 20.53 and 2O.SO;‘B:  20.44, 20.64, 20.56, 20.70, 20.38 and 20.52. For
each set of results, calculate the mean, average deviation, relative average deviation (ppt),
and standard deviation, Also calculate the 99% confidence intervals, from the standard

deviation, What can you say about the work of the two analysts ?
2 . The Bureau of standard’s value for the percentage of iron in the sample in Problem 1 is

20.45%. Calculate the absolute and relative errors of analysts A and B.

3 . A student obtained the following rest&s  for the normality of a solution: 0.1031, 0.1033,
0.1032, and 0.1040. (a) Can the last result be rejected according to the Q-test ? (b) Whatvalue
should be used for the normality ? (c) Calculate the 99% confidence interval of the mean.

4 . A student obtained the following results for the percentage chloride in a sample: 30.44,

30.52, 30.60, and 30.12. (a) Can the last result be rejected according to the Q-test ? (b)  What
value should be used for the percentage chloride in the sample ? (c) Calculate the 95%

confidence interval of the mean.
5 . A student obtained the following three results for the normality of a solution: 0.1043,

0.1041, and 0.1045. What is (a) the highest and (b) the lowest value a fourth result could be
without being discarded by the Q-test ?

6 . A student obtained the following values for the normality of a solution: 0.1141, 0.1140,

0.1148, and 0.1142. Can the third result be discarded by the Q-test ? A fifth result was
run and a value of 0.1141 was obtained. Can the third result now be discarded ? Explain.

7 . A’student obtained the following results for the percentage chloride in a sample.
g sample % Chloride

0.5372 21.64
0.5168 21.62

0.6425 21.66
0.4235 21.58

8 . It  is Calculate the 95% confidence interval of the mean known from past experience that
the standard deviation for a method used to determine manganese in an ore is 0.12. A sample-

is analyzed by this method, giving a result of 9.56% manganese. Calculate the confidence

interval of the mean if the analysis is based on (a) a single determination, (b) four deter-

minations, and (c) nine determinations.
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9. a) The uncertainty in each reading on an analytical balance is iO.1  mg. How large a sample

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

1 6 . Express the results of the following calculations using only significant figures:

1 7 .

1 8 .

1 9 .

54 CH 233 (H)

should be taken for analysis so that the uncertainty in the sample weight is no more

than 1 ppt ?
b) The uncertainty in each reading of a buret is 20.02 ml. How large a volume should be

used in a titration so that the uncertainty in the volume is no more than I ppt ?
Repeat Problem 9 for the following condition: (a) micro balance is used; the uncertainty
in each reading being *O.OOl  mg. (b) A microburet is used; the uncertainty in each reading

being rtO.002  ml.

The reading on a rough balance can be made to within *l g. How large a sample should be

taken for analysis to insure an uncertainty of no more than 1% ?
Assuming an uncertainty of &I  in the last digit, how should the number 50 be expressed

to indicate on uncertainty no more than (a) 1%.  (b) 0.2%. (c) O.l%, and (d) 5% ?
The error in an analysis is known to be at least 1%. A 0.4 g.  sample is to be analyed. What
is the maximum uncertainty that can be allowed in the sample weight so that the relative

error is no more than 1% ?
How many significant figures does each of the following numbers contain ? (a) 0.003080;

(b) 6.023 x 10” ; (c) %,500;  (d) 4.80 x 10-l’;  (e) 999; (fj  1000.
Calculate the following properly, giving the maximum uncertainties.
( a )  (10.54&0.04)+(18.26rt0.02)-(8.35M.03)

a)
2.52x4.10x  15.04

6.15 x 10’
b)  3.1Ox21.14x5.IO

0.001120

c)  51.0x4.03x10~
2.512x0.002034

d)  0.0324x8.1 x2.12x  10’
0.00615

e )  213.44+4.4+0.3244

How should be percentage of (a) Cl in AgCl and (b) Fe in Fe203  be properly expressed,
assuming that the uncertainties in the atomic weights of the elements are *l in the last decimal ?

A student analyed a sample of soda ash weighting 0.4240 g.  which contained 50.00%
Na2COs.  He used 40.10 ml of 0.1009 - N acid for titration. (The equivalent weight of

NatCOs  is 53.60) Calculate (a) the absolute error, (b) the relative error in ppt.
A student analyzed a sample for chloride by precipitaing and weighing AgCI.  A 1 BOO  - g
sample gave him 0.8090 g sample of AgCI.

(a) Calculate the percentage of chloride in the sample
(b) If the student by mistake used the atomic weight of Cl as 35.345 instead of the correct

value of 35.453, what was his relative error in ppt ?


