CHAPTER TWO

3wk | 7d |24h|3600s | 1000 ms
ltwk|[1d | 1 h| 1 s
381 ft/s | 0.0006214 mi|3600 s
32808 ft | 1 h
554m* | 1d| 1h | 1 kg|10®em®
d-kg|24h|60min| 1000g |1 m*

2.1 (a) = 18144 x 10’ ms

(b) =2598mi/h=260mi/h

385x10* cm® / min- g

(©)

760 mi I m| 1h
h | 0.0006214 mi | 3600 s
921 kg | 2.204621b, | 1 m’
m'| 1 kg [3531451°
537x10° kJ | 1 min [ 10007 | 134x 107 hp
min | 60s | 1 kJ | 1 J/s

2.2 (a) =340m/s

(b) =5751b,, / ft’

(©)

=119.93 hp = 120 hp

2.3 Assume that a golf ball occupies the space equivalenttoa 2 in x2 in x 2 in cube. Fora
classroom with dimensions 40 ft x 40 ft x 15 ft :

3 3:.3
nyy, = 20x40x15 fi La2) n | L ball_ 516 10° ~ 5 million balls
~ BT 5 million ball

The estimate could vary by an order of magnitude or more, depending on the assumptions made.

43 light yr | 365d |24 h | 36005 | 1.86x10° mi | 32808t | 1step=7x 10" steps

24 .
|1 yr|1d | 1 h| 1 s |00006214 mi | 2 ft

2.5 Distance from the earth to the moon = 238857 miles

238857 mi ‘ I m ‘ 1 report
| 0.0006214 mi | 0.001 m

=4x10" reports

2.6
19 km | 1000 m | 0.0006214 mi | 1000 L

I L| 1 km| I m|26417 gal

Calculate the total cost to travel x miles.

$1.25 ‘ 1 gal ‘x(mi)
gal ‘ 28 mi ‘

=447 mi/ gal

Total Cost

=$14,500 + =14,500 + 0.04464x

American

$1.25 ‘ 1 gal ‘x(mi)

Total Cost -
gal ‘ 44.7 mi ‘

—$21,700 + =21,700 + 0.02796x

European

Equate the two costs = x =4.3 x 10° miles
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2.7
5320 imp. gal |14h [365d| 10°cm’ | 0965g | 1 kg| 1 tonne
plane-h \ 1d \ 1 yr \ 220.83 imp. gal‘ 1 om’ ] 1000 g ]1000 kg

o tonne kerosene

=1.188x1
plane - yr
4.02x10° tonne crude oil | 1 tonne kerosene ‘ plane - yr
yr ’ 7 tonne crude oil ‘ 1.188x10° tonne kerosene

= 4834 planes = 5000 planes

2501b, |32.1714ft/s* | 1 Ib,

2.8 (a ~2501b
@ | 13217141, -ft /s> ———
25N | 1 | 1kg-m/s?
b —255kg=26k
®) | 9.8066m/s> | 1IN R
© 10ton | 1lb, | 1000g | 980.66cm/s* | 1dyne — 95 10° dynes
|5%10% ton | 2.204621b,, | [1g-em/s? ———
50x15x2m’ | 353145 ft> | 853 1b,, | 32.174 ft 1 lb,
’ \ \ ’ f -=45%10° b,

29 1 md | 1] 1 s? [321741b, /ftes

500 Ib 1k 1 m’
2.10 v | e [ Im z5x102§%J<25 m’
| 2.204621b,, | 11.5kg

2.11 (a) oD
mdisplaccdﬂuid = mcylindcr = pf Vf = pch = pfhmz = chﬂTZ /Pvp
h 141 em)(L : C
C:/Of :(30crn cm)( OOg/Cm):O.S3g/cm3 H |
' H 30 cm —_— y
H ) 3 A
) p, = pA (30 cm)(0.53 g/ cm”) _171g/cm’ N
‘ h (30 cm-20.7 cm) —_— )
2.12 2 2 2
VSZERH; Vf:”RHgmﬁh;ﬁzﬁ :ﬁh
3 3 H_h H :
7R*H  7h @J& 7R? ﬁ h? J(
V, = -— = -— r
/ 3 3 3 H? H
7R’ E n’ ZR*H
V.=pV. =p,—U - — Pr
Pily =PsVs=Pr—3 ITE Ps 3 Py
H H 1 R
:>pf_p3 h3 p,\' H3 h3_pS 3
_72 1,
H
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2.13  Say h(m)= depth of liquid

Y
N
L e
) '™ 7/)6*’”
=

dA

-1

Efablc of integrals or trigonometric substitution

Adz i=y\/1—y2 +sin”’ y]hl = b 1m+ sin”"' b 19%
-1
4mx A(m*) | 0879 g | 10°cm® | 1kg | 981N
Wb ’ cm’ ‘ m ‘msg’ kg =345x10°4

g/go

ESubstitute for A

wQ345x10° M g-B g D1Q g&

1lb, =1slug-ft/s* =32.1741b, -ft /s> = 1 slug=32.1741b

2.14 5
I poundal=11b, -ft/s” = b,
32174
2.14(cont’d)
(a) (i) On the earth:
175 b, | 1 slug
M= =544 slugs

|32.174 Ib,
W_175 Ib,, | 32.174ft | 1 poundal
- | s2 [ 11b,, -ft/s>

=5.63 x 10* poundals

(i1) On the moon
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175 b, ’ 1 slug

- 132,174 b,
_1751b,, | 32.174ft | 1poundal
- | 6 |1, fi/s’

=544 slugs

=938 poundals

355 poundals‘ 11b, -ft/s? ‘ 1 slug ‘ I m

(b) F=ma=a=F/m=
25.0 slugs |  1poundal  |32.174 Ib,, | 3.2808 ft

=0.135m/ s*

2.15 (a) F =ma =1 fern= (1 bung)(32.174 ft / sz)géi%% bung - ft / s

1 fern
= 2
5.3623 bung - ft /s
- . WﬁBbung | 32.174 ft | 1 fern 3¢
(b) 1 e moom: = | s [5.3623bung - fi /s* =
On the earth: W =(3)(32.174) /53623 =18 fern
-4
~(3)9)=27 NRALIU RN
216@) 5 7y8632) =23 ®) 0
AT = (3.600x107)/45=8.0x10"°
~2+125=127 ~50x10° —=1x10* 49 x10° 5 x 10*
(© 2365+1252=1275 @ 4753x10* =9 x10% =5x10*

_(7x107)(3x10°)(6)(5x10")
2.17 (3)(5x10°)

~42x10* ~ 4x10’°
(Any digit in range 2-6 is acceptable)

R, =3812.5=3810=3.81x10’
2.18 (a)
A: R=731-724=0.7°C

= 724+ 731+726+728+73.0

=728°

@]

X=

\/(724 728)% +(731-728)% +(72.6—728)> + (728 - 72.8)% + (73.0 - 72.8)°
5-1

=03
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B: R=1031-973=58°C
97.3+1014 +98.7 +103.1+1004
5
‘- \/(97.3— 1002)? + (1014 —100.2)* +(98.7—1002) + (1031 - 100.2)* + (1004 —100.2)*
=23

X = 1002°C

5-1
°C

(b) Thermocouple B exhibits a higher degree of scatter and is also more accurate.

2.19 (a) i
Xi
X=2L =735 5=
12
Coine =X —25=735-2(12) =711

Chae = X +25=735+2(12) =759
(b) Joanne is more likely to be the statistician, because she wants to make the control limits
stricter.

(c) Inadequate cleaning between batches, impurities in raw materials, variations in reactor
temperature (failure of reactor control system), problems with the color measurement
system, operator carelessness

2.20 (a),(b)
(a) Run 1 2 3 4 5 6 7 8 9 10/ 11 12 13 14| 15
X 134 131 129 133 135 131 134 130/131 136 /129 130 133 130|133

Mean(X) | 131.9
Stdev(X) | 2.2

Min 127.5
Max 136.4

(b) Run X Min Mean| Max

1 128 127.5 131.9 136.4

2 131 127.5 131.9 136.4 140 "

3 133 127.5 131.9 136.4 138 .

4 130 127.5 131.9 136.4 136 % x

5 133 127.5 131.9 136.4 134 ¢ *

6 129 127.5 131.9 136.4 132 L R .

7 133 127.5 131.9 136.4 S

8 135 127.5 131.9 136.4 130 A

9 137 127.5 131.9 136.4 26 fepesessEEEEEEEm
10 133 127.5 131.9 136.4 126

11 136 127.5 131.9 136.4 0 5 10 15
12 138 127.5 131.9 136.4 ‘

13 135 127.5 131.9/ 136.4
14 139 127.5 131.9/ 136.4

(c) Beginning with Run 11, the process has been near or well over the upper quality assurance
limit. An overhaul would have been reasonable after Run 12.
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236x 10 kg-m” | 2.104621b | 3.2808> ft* | 1 h

221 (a) O'=
® ¢ ho | ke | m’ | 3600
2x107)(2)(9
®) Q'appmximmz( X3 12)(3 )O) 12510549 £12x 107 Ib- 2 /s
X

0\ e =148 x10°° Ib-ft* /5= 0.00000148 Ib- ft* /s
~Con 05831/g-"C |19361b, | 1 h|32808fi| 1000g
22 "k 0286W/m-°C|  ft-h|3600s | m | 220462 b,
: 3
Ny, = (610" )E?Xlo )(§><10 )z 3x10 ~15x10°. The calculator solution is 1.63 x 10°
(3x107)(4 x10*)(2) 2 —
2.23
Re_ Dup _048ft| 1 m| 2067 in | 1 m| 0805g | 1kg|10°cm’
P s 32808 ft | 043x 10 kg/m-s|39.37in | *l1000g| 1 m?
1 2 1 1 1072 .
(SX 07)@)(B x 107X 2 ) o 3x10 ~2 x10* = the flow is turbulent
(3)(4 x 10)(10*)(4 x 107*) 3
2.24

y 1/3 up 1/2
—£ 27 =200+ 0.600
D ¥
-5 2 3
(@) =200+ 0600 1.00 ><310 N-s/ 121 ! 0500 m)(10.0 Zn/s)(l.OOZkg /m?)
0kg/m”)1.00x10™ m” /s) (100x 107 N-s/m”")
k,(0.00500 m)(0.100)
1.00x 107 m? /s

=44426 = =44426 = kg =0.888m/s

(b) The diameter of the particles is not uniform, the conditions of the system used to model the
equation may differ significantly from the conditions in the reactor (out of the range of
empirical data), all of the other variables are subject to measurement or estimation error.

(©

do (M)| y | D (m%s) |u (N-s/m?)|p (kg/m®)|u (m/s)| kg

0.005 | 0.1|1.00E-05| 1.00E-05 1 10 [0.889
0.010|0.1|1.00E-05| 1.00E-05 1 10 [0.620
0.005 | 0.1|2.00E-05| 1.00E-05 1 10 [1.427
0.005 | 0.1|1.00E-05| 2.00E-05 1 10 [0.796
0.005 | 0.1|1.00E-05| 1.00E-05 1 20 [1.240

2.25 (a) 200 crystals/ min- mm; 10 crystals/ min - mm?

r=

200 crystals | 0.050 in | 25.4 mm

10 crystals ‘ 0.050% in? ‘ (25. 4) mm?

min - mm | |
(b)

=238 crystals / min =

in

238 crystals | 1 min

min

| 60s

2-6

min - mm” ‘

=4, crystals/s




lin n S 1 min
= 60r' =200 40 Qrol¥ 40 G ' = 3470 - 10800 Q

2.26 (a) 705 b, / ft’; 8.27x107 in” /Ib;

© Dbng’mq25'4,mm=25.4D’;r S,talskr'crysmls 05 _ gor

7051/ 8.27x107 in* | 9x10° N | 14.696 Ib, /in’
p_( . m )exp lbt m2 | 101325)(105 N/m2

(b) 3 :
7057lb . \1 m 1000 g

- *10° em’ | 220462 Ib,,

g 1lb, |28317 em’
¢ ﬁ =6243p'
© ¢ J< cm® 453593 |  1ft° P
N |0.22481b, | 17 2
Pﬁ;kp' ‘| T _145x10* P
T m’| IN |[3937%in

= 6243p" = 70.5exp[dz7 <107 IChs x 10 P I] = o = 113exp@ox 10 P|

P'=9.00x10° N/m* = p'=113exp[(120 x 107'°)(9.00 x 10°)] = 1.13 g / cm”

227 @) vk’ I_V'G3”28317cm =16397"; 13 3600/ [D(

| 1728 in’
= 16397 = exp 00 G 17'= 0.06102 exp Byoor €

=1.13 g/cm’

(b) The t in the exponent has a coefficient of s™'.

2.28 (a) 3.00 mol /L, 2.00 min™'

t =0=> C=3.00 exp[(-2.00)(0)] =3.00 mol / L

(b) t=1= C=3.00 exp[(-2.00)(1)]=0.406 mol / L
406 - 3.
Ci = M(Oﬁ —-0)+300=14mol/L
For t=0.6 min: 1-0 —_——
Coroer =3.00 exp[(-2.00)(0.6)]=0.9 mol / L
1
Lig = ﬁ(O 10-3.00) + 0= 112 min
For C=0.10 mol/L: 1_ c L oo
feser =5 0003700 = 2 M3 09~ L20min

st 200 3.00 2 3.00
(©)
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w
o

‘exact .

W

INd
o

g

g : Z (t=0.6, C=1.4)

o 1

- (t=1.12, C=0.10)
0 ‘
0 1 2
t (min)
60— 20
2.29 *——— — (185-1662)+20=42 mmH

@ P = 1998 1662 " ) ccmmTe
(b) C MAIN PROGRAM FOR PROBLEM 2.29

902
*

903
2

2.29 (cont’d)

IMPLICIT REAL*4(A-H, 0-Z)
DIMENSION TD(6), PD(6)
DO11=1,6
READ (5, *) TD(I), PD(I)
CONTINUE
WRITE (5, 902)
FORMAT (‘0°’, 5X, ‘TEMPERATURE ~ VAPOR PRESSURE’/6X,
: (©) (MM HG)’/)
DO21=0,115,5
T=100+1
CALL VAP (T, P, TD, PD)
WRITE (6, 903) T, P

FORMAT (10X, F5.1, 10X, F5.1)
CONTINUE
END

SUBROUTINE VAP (T, P, TD, PD)
DIMENSION TD(6), PD(6)

=1
1 IF (TD(I).LE.T.AND.T.LT.TD(I + 1)) GO TO 2
I=1+1
IF (LEQ.6) STOP
GOTO 1
2 P=PD(I)+ (T - TDI)(TD( + 1) — TD(I)) * (PD(I + 1) — PD(I))
RETURN
END
DATA OUTPUT
98.5 1.0 TEMPERATURE  VAPOR PRESSURE
131.8 5.0 (©) (MM HG)
: : 100.0 1.2
215.5 100.0 105.0 1.8
215.0 98.7
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Iny=Ina+bx= y=ae™

2.30 (b) b=(ny, -Iny,)/(x, —x;)=(In2-Inl)/(1-2)=-0.693
Ina=Iny—bx=In2+0.63(1) = a = 4.00 = y = 4.00e "%

Iny=Ina+blnx=y=ax’

(¢ b=(ny,-Iny)/(Inx, —Inx;)=(In2-Inl)/(In1-In2)=-1
Ina=Iny-blnx=In2-(-)In(l) >a=2=y=2/x

by/x bylx

In(xy)=Ina+b(y/x)=>xy=ae” = y=(a/x)e [can't gety = f(x)]
(d) b=[In(xy), —In(xy),1/[(y/x), —(¥/x),]=(In807.0-1n40.2) / (20-1.0)=3
Ina =In(xy) —b(y/ x) =1n807.0-3In(2.0) > a=2=xy =2 = y=(2/ x)e?""

In(y*/x)=Ina+bln(x-2)= y* / x=a(x - 2)" = y =[ax(x - 2)"]"?

b=[In(y*/x), —In(y* / x),1/[In(x = 2), — In(x - 2),]
© =(In807.0 — n40.2) / (In2.0 — In 1.0) = 4.33
Ina=1In(y* / x) — b(x —2) = n807.0 — 4331n(2.0) = a = 402
=y [ x=402(x-2)* = y=634x"* (x - 2)>'®

2.31 (b) Plot y? vs. x* on rectangular axes. Slope = m, Intcpt = —n

o |~

© vs. \Jx [rect. axes], slope = 3, intercept =
In(y-3) b b In(y -3) b

vs. (x—3)° [rect. axes], slope = a, intercept = 0

1 3 1
= — 1
() L a(x—3)" = Plot o

)?

OR
2.31 (cont’d)

2In(y+1)=—Ina —3In(x —3)
Plot In(y +1) vs. In(x —3) [rect.] or (y+1) vs. (x-3) [log]

= slo e=—i interce t:_ln_a
p > p >

(e) Iny= avx +b
Plot Iny vs. Jx [rect.] or y vs. Jx [semilog ], slope = a, intercept = b

() log () =a(x* +y*)+b
Plot log,,(xy) vs. (x* +y?) [rect.] = slope=a, intercept =b
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1 b .
g —=ax+—> Y ax? + b= Plot = vs. x2 [rect.], slope=a, intercept =b
y X

y
1 b b 1 1 .
OR —=ax+—=>—=a+— = Plot — vs. — [rect.], slope =5, intercept = a
v X Xy X Xy X

2.32 (a) A plotofyvs. Ris a line through (R=5, y=0011)and (R=80, y=0.169),

0.18
0.16
0.14
0.12
0.1
0.08 -
0.06 -
0.04 -
0.02 4

0 20 40 60 80 100

g 0169 - 0.011 2 11x10°

y=aR+b -3 -4
80 -5 . y=211x10°R+450x10
b:0.011—d11x 1073 |l§g4.50x 10

) R=43=y=Cl1x10" Il&g 450 x 107 = 0.092 kg H,0/kg

D00 ke/n @92 kg H,0/kg@ 110 kg H,0/h

InT=Ina+blng=T=ag’
233(a) b=(nT-InT)/(ng, ~Ing,)=(In120~1n210)/ (In40 - In25) = ~1.19
Ina=InT-bIng=1n210—(-119)In(25) = a =9677.6 = T =9677.6¢ "
T=9677.6¢ " = = D776/ rg™
T=85C=¢= b§77.6/85g403 =535L/s
T=175°C=¢= k.3177.6/17sg“°3 =29.1L/s
T=290°C= ¢= D776/ 2000"™ =190L /s

(b)

(¢) The estimate for 7=175°C is probably closest to the real value, because the value of
temperature is in the range of the data originally taken to fit the line. The value of 7=290°C
is probably the least likely to be correct, because it is farthest away from the date range.
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2.34 (a) Yes, because when In[(C, —C )/ (C,, —C )]is plotted vs. ¢ in rectangular coordinates,
the plot is a straight line.

0 50 100 150 200
5 o
<
g -0.5
3 1
g
g b 5
- -2

t (min)

Slope =-0.0093 =k =9.3x10" min™'
In[(C,-C,)NC,y-C,)]==kt=>C,=(C,,— CAe)eikt +C,,
C, =(0.1823—0.0495)¢ 10 112 1 0. 0495 =9.300x10 g/L

9.300x107 g | 30.5 gal | 28317 L |
L | \7.4805 gal_g

(b)
C=m/V = m=CV =

2.35 (a) ft’ and h™, respectively
(b) In(¥) vs. £ in rectangular coordinates, slope=2 and intercept=In(3.53x 107%) ; or

V(logarithmic axis) vs. # in semilog coordinates, slope=2, intercept=353 x 102
(¢) V(m’)=100x10"exp(15x107%)

236 pri=C=P=C/V >l P=InC-kInV

8.5
8 |
7.5
7
6.5
6

o
£

2.5 3 3.5 4

InP = -1.573(nV) + 12.736 Iny

k = —slope = —(—1.573) = 1.573 (dimensionless)
Intercept =1In C =12.736 = C = ¢'*"* =340 x 10° mm Hg-cm*""’

_ 1 _ _
G-G, _ = G G:K,C’":>lnG° G
G,-G K, C" G-G, * G-G,

IN(Go-G)/(G-GL)= 2.4835InC - 10.045

2.37 (a) =InK, +minC

3

.
2 *

In(G-G)/(G-G)



2.37 (cont’d)
m = slope = 2.483 (dimensionless)

Intercept =In K, = -10.045= K, =4.340x 10> ppm>**

~180x107°
(b) C=475= W = 4340 % 107°(475)>* = G = 1806 x 1073
300x10° -G —

C=475 ppm is well beyond the range of the data.

2.38 (a) Forruns 2, 3 and 4:

Z=aV’p=InZ=Ina+bInV +clnp
In(35) = Ina + 51n(1.02) + cIn(9.1)
In(2.58) = Ina + bIn(1.02) + cIn(112) » — ¢=2146

In(3.72) = Ina + bIn(1.75) + cIn(11.2) a=86.7 volts-kPa'*® / (L /s)"*"®

b=068

(b) When P is constant (runs 1 to 4), plot InZ vs. InV. Slope=b, Intercept=Ina+clnp

£y
z

1.5 *
i 2
= - T
0.5 b =slope = 0.52
‘ 0 ‘ ‘ Intercept = Ina + ¢In P =1.0035
-1 -0.5 0 0.5 1 1.5

InZ = 0.5199InV + 1.0035 iy

When V' is constant (runs 5 to 7), plot InZ vs. InP. Slope=c, Intercept=Ina + cIn¥V’

2
¥
05 c¢=slope=-0997 = 1.0
0 ‘ Intercept = Ina + bIn V =34551
1.5 1.7 1.9 2.1 2.3
InZ = -0.9972InP + 3.4551 InP

Plot Z vs 1? p¢. Slope=a (no intercept)

7
6 .
5 2 4
N g | o *
IS a = slope =311 volt-kPa/(L/s)>
1 T
0.05 0.1 0.15 0.2
Vch

Z = 31.096V°P°
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The results in part (b) are more reliable, because more data were used to obtain them.
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2.39 (a)

Sxy

_ lzn“x,. ¥, =[(04)(03) + (2.1)(1.9) + (31)(32)]/ 3 = 4677
neo

SXX

= lzxf =(03% +19% +32%)/3=4.647
i=1

n =

14 1
s,==> %, =(03+19+32)/3=18; s, ==y, =(04+21+31)/3=1867

i= i=1
L Sp 88, 4677-(18)(1867)
s -RY 46470187
5.8, =505, (4647)(1867) — (4.677)(18)
5. - 19Q 4647 —(18)°
»=0936x +0.182

=0936

b= =0.182

Se 4677

a=—=—=10065= y =10065x
(b) o 4.647 Sltiad
4
3 = |
- 5 __y=0.936x+0.182
1 y =1.0065x
0 T T T
0 1 2 3 4
X
2.40 (a) I/C vs.t. Slope=b. intercept=a
(b) b=slope=0.477L/g-h; a = Intercept=0.082 L/ g
3
2.5 ¢ 2
2 1.5
0.5 - ./ 0.5
0 w ‘ w 0 |
0 1 2 3 4 5 6 1 2 3 4 5
1/C = 0.4771t +0.0823 t _aC  _a Ciited

C=1/(a+bt)=1/[0.082+0477(0)]=122 g/L
t=(1/C-a)/b=(1/001-0.082)/0477=209.5h
(d) t=0 and C=0.01 are out of the range of the experimental data.

(©)

(e) The concentration of the hazardous substance could be enough to cause damage to the
biotic resources in the river; the treatment requires an extremely large period of time; some
of the hazardous substances might remain in the tank instead of being converted; the
decomposition products might not be harmless.
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2.41 (a) and (c)

L e

*

0.1 1 10 100

(b) y=ax’ = Iny=Ina+blnx; Slope=b, Intercept =1In a

Iny =0.1684In x + 1.1258

2

1.5 R
.| / b =slope =0.168

Intercept =1In a =1.1258 = a = 3.08

Iny

0.5

0

2.42 (a) In(1-Cy/Cy) vs. t in rectangular coordinates. Slope=-£, intercept=0
(b)

0 200 400 600 800 0 100 200 300 400 500 600
g0 g Otwee
Q 11 Q 2 e
o 2 | o e
Q Q 44
= 3 = . = 4
£ 4 £
In(1-Cp/Cao) = -0.0062t . In(1-Cp/Cao) =-0.0111t .
Lab 1 Lab 2
-1 -1
k =0.0062 s k=00111s
0 200 400 600 800 0 200 400 600 800
s 10 5 0
e o
S 21 Q0 2
6 -4 Q 4 |
£ 5 e
In(1-Cp/Cao) = -0.0063t In(T-CpiCao)=-0.0064t .
t Lab 3 Lab 4
-1 -1
k =0.0063 s k =0.0064 s

(¢) Disregarding the value of k that is very different from the other three, k is estimated with
the average of the calculated k’s. k =0.0063 5™

(d) Errors in measurement of concentration, poor temperature control, errors in time
measurements, delays in taking the samples, impure reactants, impurities acting as
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catalysts, inadequate mixing, poor sample handling, clerical errors in the reports, dirty
reactor.

243 y, =ax, = ¢(a) = Zdz ZD axg:> O:iZD—axigéiyixi—aixizzo
i=1 i=1 i=1
:a:Zn:y,.xi/fo
i=1 i=1

2.44 DIMENSION X(100), Y(100)
READ (5, )N
C N=NUMBER OF DATA POINTS
IFORMAT (110)
READ (5,2) (X(J), YJ),J=1,N
2FORMAT (8F 10.2)
SX = 0.0
SY = 0.0
SXX = 0.0
SXY = 0.0
DO 100J=1,N
SX = SX + X(J)
SY =SY +Y(J)
SXX = SXX + X(J) ** 2
100SXY = SXY + X(J) * Y(J)
AN=N
SX = SX/AN
SY = SY/AN
SXX = SXX/AN
SXY = SXY/AN
CALCULATE SLOPE AND INTERCEPT
A = (SXY - SX * SY)/(SXX - SX ** 2)
B=SY- A *SX
WRITE (6, 3)
3FORMAT (1H1, 20X 'PROBLEM 2-39)
WRITE (6, 4) A, B
4FORMAT (1H0, 'SLOPE}, -- pA}, =, F6.3, 3X 'INTERCEPTY, -- 1,8y, =, F7.3/)
C CALCULATE FITTED VALUES OF Y, AND SUM OF SQUARES OF
RESIDUALS
SSQ=0.0
DO 200J =1, N
YC=A*X(J)+B
RES=Y(J)- YC
WRITE (6, 5) X(J), Y(J), YC, RES
SFORMAT (3X 'Xp, =, F5.2, 5X /Yy, =, F7.2, 5X 'Y(FITTED)}, =, F7.2, 5X
* 'RESIDUALy 2, Fé. 3)
2008SQ = SSQ + RES ¥+ 2
WRITE (6, 6) SSQ
6FORMAT (IHO, 'SUM OF SQUARES OF RESIDUALS}, =, E10.3)
STOP
END
$SDATA
5
1.0 235 15 553 20 892 25 1215

3.0 15.38
SOLUTION: @=6536,b=-4206
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2.45 (a) E(cal/mol), Dy (cm?/s)
(b) In D vs. 1/T, Slope=-E/R, intercept=In D.

¢) Intercept=1In D, =-3.0151= D, =0.05cm’ /s,
(c) p 0 o —Y.uocm /8

Slope=—E/R=-3666 K= E =(3666 K)(1.987 cal / mol - K) = 7284 cal / mol

\

InD

-10.0
-11.0
-12.0 4
-13.0
-14.0

2.0E-03
2.1E-03

2.2E-03
2.3E-03
2.4E-03

2.7E-03
2.8E-03

2.9E-03
3.0E-03

1 2.5E-03
2.6E-03

InD =-3666(1/T) - 3.0151

(d) Spreadsheet

1T

T D 1T | InD | (1/T)*(InD) | (1/T)**2
347|1.34E-06|2.88E-03| -13.5| -0.03897| 8.31E-06
374.2|2.50E-06| 2.67E-03| -12.9] -0.03447| 7.14E-06
396.2|4.55E-06] 2.52E-03| -12.3] -0.03105| 6.37E-06
420.7|8.52E-06] 2.38E-03| -11.7| -0.02775| 5.65E-06
447.7|1.41E-05/2.23E-03| -11.2]  -0.02495| 4.99E-06
471.2|2.00E-05/2.12E-03| -10.8]  -0.02296] 4.50E-06

Sx 2.47E-03

Sy 12.1

Syx -3.00E-02

Sxx 6.16E-06

-ER -3666

In Do -3.0151

Do 7284

E 0.05
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