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PROBTEMS

6.1 Enrploy f ixed-point i tcrat ion to locate thc root ot

. l ( - r )  : : s i n ( v 4 )  - . ^ -

Usc an init ial  -{ucss of -r ir  :  0.-5 lncl i terate unti l  t ' , ,  < 0.Ola/a.

6.2 Use (a) fixed-point itefltion antl (b) tlrc Nc'ur'lon-
Raphson mcthod to cletcrminc a t 'clot oi . /  ( . t)  :  - .r l  +
l.8r * 2.-5 using - i '11 : -5. Pcrt ir lnt the conrputation unl i l  e,,
is lcss than e, :0.05%. Also check yor-r l  l ' inal iutswer.
6.3 Dctcrrninc thc hishcst rcal root ol . /  ( . f  )  :  0.9-5.t: t-
5 . 9 , r r +  1 0 . 9 . r - 6 :
(a )  Graph ica l l y .
(b) LIsin-c thrr Ncwton-Raphson mcthod (thrcc i tcrat ions,

' r ;  : 3 ' 5 ) '
(c) Using thc sccant nrclhod (thrcc i tcrat ions, -r;  I  -  2..5

i lnd . f ;  :  3  5 ) .
(d) Using thc rnodif icd sccant rncl lrod (thrc'c i tcntt iotrs,

. t i  :  3 . 5 .  , J  :  0 . 0 1 ) .
(c) Dctcrnrinc t l l  thc roots with MATLAB.
6.4 Dctcrrninc the l()wcst posit ivc r(x)t ol '  . /  (-r) :

8 s i n ( . t ) r  ' -  I :
(a )  Craph ica l l y .
( l t)  Using the Nervton-Ruphson ttrct l . tod (thrcc i tct ir t iotts,

. t i  :  0 . 3  ) .
(c) LIsing the sccant mcthod (thrce i tcrat ions. .r ' ; .  1 - 0.5

and, t i  :  0 . '1 .
(d) Using t lrc rnodi l icd scculrt  nle thorl  ( l lvc i tcl l t i ()n\,

, r ;  :  ( ) .3 .  , l  :  0 .01  ) .
6.5 Usc (a) the Ncwton-Raphsorr nlethod and (b) lhc nrocl i-
t iccl secant nrcthocl (3 :  0.05) to clctclnrir tc a r-oot ol . /  ( ,r ' )  :

, t5  -  16 .05 . r r  *uu .7-5 . r r  -  l t )2 .0175. r r  *  l l6 .35r  +31.6u75
usirrg an init ial  gucss ot '  , t  :  0.-5t125 ancl t ,  :  0.(\ l ( tr , .
Explain -your rcsults.
6.6 Dcvclt>p an M-f i lc l i rr  thc sccant nrcthod. Along with
thc (wo init ial  gucsscs, pass thc l 'unctiorr i ls an argunrctrt .
Tcs t  i t  by  so lv ing  Prob.6 .3 .

6.7 Dcvelop an M-l ' i lc t i r  thc modif iccl sccant nrcth()d.
Along with the init ial  gucss and the perturbation f i i rcl ion.
pass thL- I 'Lrnction as rn argurncnt. Tcst i t  by solving Prob. 6.3.

6. l l  DiUcrcrrt iate Eq. (86.4. l)  l ()  gct Eq. (86.21.2).

6.9 Enrploy the Ncwton-Rlphson nlcthod to dctenninc- a
r c a l  r t x r t  f o r . / ( . i )  :  - I  + 6 . r  - , l . r l  | 0 . 5 , t 1 .  u s i n g  a n  r n i -
t ial  gucss of (a).1.-5. and (b) 4.43. DiscLrss aud use graphical
and analyt ical r.ucthods to cxplairt  any pccul iari t ics in y'our
rcstr l  ts.
6.10 Thc "di" iclc and avcragc" t lct lrocl,  un old-t imc Inctho(l
lbr approxirrat ing thc : iquarc root ol 'any posit ivc rrult tbcr zr,
can be firrrlulatccl as

. t i  lu f  . t1
1

Provc that this firnnula is bascd on the Newton-Raphson
algorithm.
6,ll (a) Apply the Ncwton-Raphson rnethod to the t'unction

.l(r):  tanh(,r2 - 9) to evaluatc i ts known real root at
,r :  -1. Use an init ial  guess of . t1; :  3.2 and take a minimum
of thrcc itcrations. (b) Did thc nrcthod exhibit convergence
on(o i ts r:al root? Sketch the plot with thc rcsults for each
iterat ion labclcd.
6. 12 Thc polynomial /  ( , t  )  :  0.0074.ra - 0.284"rr +
3.3-5.5.rr- 12.183.r -1--5 has a rcal ro<;t bctwcen l-5 and20,
Apply thc Ncwton-Raphson u)cthod to this func(ion usingan
in i t ia l  sucss  o f  - r1 ;  -  16 .  15 .  Exp la in  your  rcsu l ts .
6.13 In a chcmical cnginccring proccss, wi i tel vapor (H:0)

is hcatcd to sLrlTiciently high tcrnpcraturcs that n signif icant
portion of thc watcr dissociatcs. o| splits irpart. to filnn oxy-
gcn (O1) ancl hydrogcn (H:):

H : O P  H :  *  l O :

If  i t  is assLrnrcd thut this is the only rcaction involved, the
nrolc t iact ion -t  of HlO that cl issociates can bc Rrpresentedby

,, .\' Tr\A : ,  , / ^ r  ( P 6 . 1 3 . 1 )
r  -  f  Y  l  1 - . \ '

whcr-c K is thc rcaction's cclui l ibr ium constult  and p, isthe
total prcssurc of thc rnixturc. l l '7r,  :  l .J atnr and K - 0.M,
dctcrnrinc thc valr.rc of ,r  that satisl ' ies Eq. (P6. I3.1.1.
6.14 Thc Rccl l ich-Kwong ccluation ol statc is given by

R 7
' ' -  t - l t r:(t: I l t)JT

whcrc R : t l re uniycrs:r l  gas constrnt l :0-5lt t  kJ(kg K)1,
7 : afrsolute tenrpcrnturc (K), /  :  absolute pressurc (kPa),

luncl ir  :  thc volurnc ol a kg ol 'gas {rrr/kg). Thc parameten
tr irntl lt arc calculatccl by

R r  r : ' 5  t .
,r  -- 0.4)7 '  /r  -- 0.0u66R -

l) , .  l ) , .

whcrc 7r,.  :  45tt0 kPa arrd 7, = l9l K. As a chcrnical engi.
ncer, you arc askcd to dctcrnrint: thc ilmount of methane fuel
that can bc hcld in a 3-rnt t i lnk a( a tcmperirture of -50'C

with a prcssurc ol '65.0(X) kPa. Use a rtxrt locating methodof
your choicc to calculatc l  and the-n dctcrnrine the mass of
rncthi lnc containcd in the tank.
6.15 Thc volurnc of l iquid V in a hol low horizontal cyl indu
o1'r 'adius land lcngth L is relatcd to the depth of thc l iquid/tby

T  , , .  , . ,  - 1

V  =  l l r c , , s  
{ ( ' - 1 I  - , , -  / i t ' ,  } / r  - h : l L

L  \ T  /  J
Dctelntine /r given r : 2 nr, L : 5 rnr, and l ' : 8.5 mr.

I
6.16 A catenary cable i
points not in the sarr
Fig. P6.l6a, it is subje<
weight. Thus, its weigh
length along the cable u
scction AB is depicted in
the tension forces at the e
cal force balances, the fol
ofthe cable can be derive

d'y w- - : : -
dxz TA

Calculus can be employ
height of the cable y as a

T a  . / w  \y :  _.o.nl \  
.o 

*/

(a) Use a numerical me
parameter ?".r given
and Y6 : 6, such that
- t : 5 0 .

(b) Develop a plor of ) v
6.17 An osci l lat ing curre
bY I :9e-t cos(2tt),  w
values of/ such that 1 :
6.18 Figure P6.18 showr
tor, and a capacitor in par
to express the impedance

,rc

+( ,c -
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fixed-point iteration scht
g i v e n Q : 5 . S : 0 . 0 0 0 2
your scheme converges f<
equal to zero.
6.25 See i fyou can devel,
the friction factor basec
described in Sec. 6.6. yor
result for Reynolds numbe
e / D ranging from 0.0000
6.26 Use rhe Newton-Ra

f  (x )  :  
" -ns^  14  -  x

Employ init ial guesses of (
results.
5.27 Given

f  (x)  :  -2xb -  1.5t

Use a root location technic
this function. Perform iteri
tive error falls below 5Zo.

FIGURE P6.2O

released a distance I above a nonl incar spring. The resis-
tance fbrce F of the spring is given by

F - - \ k r t !  * k . d 3 i ' 1

Conscrvation ofcnergl 'can bc uscd ttr  show that

2krt l5l2 I  "{ ) :  -  + ; k 1 t l ' - n t g < l  - t t t q l t
t l

Solvc fbr z/,  given thr: fbl lowing parameter valuc-s: f t1 :

5 0 . 0 0 0 g / s 2 .  f t z : 4 0 g / ( s 2  n r s ) .  n : 9 0  8 .  . (  :  9 . 8 1 m / s 2 ,
and /r - 0.4-5 m.
6.20 Aerospacc enginc'ers somctimes computc the trajcc-
tories of projcctilcs such as rockcts. A relatecl problem dcals
u,ith the traicctory of a thrown ball. Thc traje-ctory o1'a ball
thrown by a right ficlder is clefined by thc (x,.1,) coordinatcs
as displayed in Fi-e. P6.20. Thc trdecbry can be modelecl as

R t
v - (tan0o)-r - - j5r '  *.r '1y

Ltrai cos- u0

F-ind the appropriate init ial  angle do, i f  urr :20 m/s, and the
distance to the catcher is 3-5 m. Note that thc throw lcavcs thc
right f iclder's hand at an elcvation of 2 m and the catclrcr
rcceivcs i t  at I  m.
6.2 |  You arc designing a sphcrical tank (Fig. P6.2 I )  to hold
water fbr a small  vi l lagc in a devcloping country. The vol-
ume of l iquid i t  can hold can bc computed as

, l l R - r l
l /  -  n  l t ' -

3

wherc' V: volunre Im]1, /r  :  depth of water in tank Im], and
R :  the  tank  rad ius  lm l .

If R : -l m, what depth rnust the tank be filled to so that
i t  holds 30 m3? Use three i terat ions of the most ef l lcient
nurnerical method possible to determine your answer. Deter-
mine the approximate relatir"e cror after cach iteration.
Also, provide justification fbr your choice of method. Extra

FIGURE P6.2I

infbrmation: (a) For hracketing methods, ini t ial  guesses of 0
and R will bracket a single root ti)r this cxample. (b) Fot
open mcthods, an init ial  guess of R wil l  always converge.
6.22 Pertbrm the identical MATLAII operations as thost
in Example 6.7 to manipulatc and i ind al l  the roots of the
polynomial

. l s (x )  :  ( - r  |  2 ) ( . r  *  5 ) (x  -  l ) (x  -  4 ) ( . r  -  7 )

6.2-1 ln control systcrns analysis, transfer tunctions ae
devr' loped that mathematical ly rclate thc dynamics of a sys.
tem's input to its output. A transf'er function for a robotic
pos i t ion ing  sys tcn l  i s  g ivcn  hy

c(s ) r t +  l 2 . 5 s l * - 5 0 . 5 , r * 6 6
C ( . t t -  -  =  -

N(. t )  r 'u  + l9sr  + 122s2 +296s - l  192

where C(s) : system gain, C(s) : system output, N(s) =

systcm input, and s : Laplace transfbrm complex frequency,
Use MATLAB to find thc roots of thc numerator and de.
nominator and t:rctor thesc into the form

G( , r )  =
( . s  * a r ) ( . s  + d 2 ) ( . r  + . r 3 )

(s  *  Dr ) (s  *  b : ) ( . r  *  h ) (s  *  l t t )

wherc zri and b1 : the roots of thc nume-rator and denomina.
tor, fespectively.
6.2-l The Manning equation can bc wrifte n fbr a rectangulat
open channel as

^ .,5(sH)' ' '( r :  -=  r t (B  i  2H J t l t

where B : flow (m3/s), S : slope (mlm), H = depth(m),
and n : the Manning roughncss coefficient. Develop l
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fixed-point iteration scheme to solve this equation for H
given 0 = 5, S : 0.0002. B :20, and r? : 0.03. Prove that
your scheme converges for all initial guesses greater than or
equal t0 zero.
6,25 See if you can develop a lbolproof function to compute
fie friction lactor based on the Colebrook equation as
described in Sec. 6.6. Yor.rr function should return a precise
rcsult for Reynolds number ranging from .1000 to | 07 and lbr
e/D ranging f iom 0.00001 to 0.05.
6,26 Use the Nervton-Raphson method to find the root of

. f ( . r ) - . - t r  
: ' @ _  x ) - 2

Employ init ial  gucsses of (a) 2, (b) 6, and (c) 8. Explain your
rcsults.
6J? Given

f  ( t )  =  -Zrb  -  l . -5 . r4  *  lox  *  2

Use a root location technique to dctt ' rminc (he maxirnum of
this function. Perlbrm iterations until the approximate rela-
tive enor ialls below 5%,. If you usc a br'ackcting mcthod,

use initial guesses of x1 - 0 and -r, : 1. If you use the
Newton-Raphson or the modified sccant nrethod, use an ini-
t ial  guess of;r;  :  l .  I fyou use the sccant method, use init ial
guesses of x; I  :  0 and Xi :  l .  Assuming thxt conver-
gence is not an issue, choose the technique that is best suited
to this problem. Justify your choice.
6.211 You must determine the root of the fol lowing easi ly
di fferentiable f unction:

n  < , .
? " - ^  =  ) - l - r

Pick the best nunrcrical tcchnique, just i fy your choice, and
then use thal technique to determine the root. Note that i t  is
known that f i :rr  posit ivc init ial  guesscs, al l  techniques except
fixed-point iteration will cvcntually converge. Perfbrm iter-
at ions unti l  the approximate relat ive error fal ls bclow 2olc. I f
you use a bracketing method, usc init ial  guesses of r1 :  [)
and.r,,  :  2. I f  you use thc Newton-Raphson or the modif ied
secant mcthod, use an init ial  guess of .r ;  -  0.7. I f  you usc
thc secant method, Lrse init ial  guesscs of ,r ;  1 :0 and
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15.16 You measure the voltage drop Vacross a resistor for a
number of ditl'erent values of current L The results are

TABTE P I 5. | 9 Temperotures ("C) ot vorious points
on o squore heoted plote.

x = O  x = 2  x = 4  x = 6  x = 8
4 2 5
-o.45

4 7 5 1 .2,5
a 7 0

t 5
] B B

2 0
6 0 " y = O  1 0 0 0 0

y  = 2  8 5  0 0
t = 4  2 0 0 0
t  = 6 s5.00
J = 8 40.00

48 .90  38  43  35  03
38.78 30 39 27.07
35.00 30 00 25.00

90 00 B0 00 70.04 60 00
64.49 5 3.50 48 I  5  50 00

Use first- through fourth-order polynomial interpolation to
estimate the voltage drop tbr i: 1.15. Interpret your results.
| 5. I 7 The current in a wire is measured with great precision
as a function of time:

t  a  0 1 2 5 0  0 2 5 0 0  0 3 2 5 0  0 . 5 0 0 0
t  0  6 2 4  7 7 5  4 . 8 5  0 0 0 0 0

Determine ia l t :0 .23 .
l5.llJ The acceleration due to gravity at an altitude y above
the surface of the earth is given by

!, m 0 30,000 60,000 90 000 120,000
g,  m/s2 9 8100 9 7487 9.6879 9 6278 9 568'2

cornpute g ar -y : -55,000 m.

l-i. 19 Temperatures are measured at various points on a
heated plate (Table P15.19). Estimate the temperature at
(a ) . r  :  4 ,  ) '  :  3 .2 ,and (b )  r  :  4 .3 .  y  :  2 ;7 .
15.20 Use the portion of the given stearn table for super-
heated HrO at 200 MPa to (a) tind the conesponding
entropy s for a specific volurne u of 0.108 mi/kg with linear
interpolation, (b) find the same corresponding entropy usrng
quadratic interpolation, and (c) find the volume conespond.
ir-rg to an entropy of 6.6 using inverse interpolation.

40 00
30 00
20 00

u (m3lkg)
s (kJlke.K)

a. |  144 0 . r25 ;
6.5453 6.7664

0  14377
6 . 4 1 4 7
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