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continued

increases. Based on this result, you might conclude that your model needs to be improved.
At the least, it rnight motivate you to conduct further experiments with a larger number of
jumpers to confirm your preliminary finding.

In addition, the result might also stimulate you to go to the fluid mechanics literature and
leam more about the science of drag. If you did this. you would discover that the parameter
c., is actually a lumped drag coefficient that along with the true drag includes other factors
such as the jumper's frontal area and air density:

CoPA
(2.2)

where C, : a dimensionless drag coefficient, p : tir density (kg/mr), and A : frontal
area (m2), which is the area projected on a plane normal to the direction of the velocity.

Assuming that the densities were relatively constant during data collection (a pretty
good assumption if the jumpers all took off from the same height on the same day),F,q. (2.2)

suggests that heavierjumpers might have larger areas. This hypothesis could be substanti-
ated by rneasuring the frontal areas of individuals of varying masses.

PROBTEMS

2.1 A simplc elcct l ic circuit  consist ing ol '  a rcsistur, a ca-
pacitor, and an induc(or is dcpictcd in Fig. P2. l .  T'hc chargc
on the capacitor r i( t)  as a l i rnct ion ol ' l imc can bc cor.nputcd
as

whcre I = t ime, r7o : thc init ial  chargc. 1l :  the rcsistancc,
I = inductance, and C : capacitancc. Usc MATLAB to
generate r plot o1'this l i rnct ion l iorn / -  0 Io 0.7, givcn that
qo-  12 .  R:  50 ,  L  :  5 ,  and C :  l0  r .

2.2 The standard norrnal probabil i ty density l i rnct ion is a
bell-shaped curve that can be rcprescntcd as
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Use MATLAB to gencrate a plot ol' this fbnction liom

;=-,1 to.1. Labcl thc ordinate as lrcquency and the ab-
scissa as :.

2.f  Usc thc I  i r : rp,rc e l 'unct ion to crcatc vcctors idcnt ical  to

thc l i r l lowing crcatccl  wi th cokln nolat ion:

( a )  t  :  ! : { r : - J l J

( b )  r :  t , : , . 1

2.4 Usc colon notut ion lo crcatc vectors idcnt ical  to the

l i r l l ow ing  c r cu t cd  w i t h  t hc  I  i n : , [ ) , ] .  r :  l i r nc t i on :

( a )  r '  :  I  i r s l ) . r c ' { r  I  l , I ,  t  t
( b )  |  :  1  r n s l r . r c e ( r ,  0 ,  I  I )

2 . 5  I l ' a  l i r r c c  I - (N )  i s  app l i cd  t o  con rp r css  a  sp r i ng ,  i t s  d i s -

placcmcnt, r  ( rn)  can ol ' tcn bc rnodclcd by Hookc's law:

I j : l r
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where k : the spring constant (N/m). The potential energy
stored in the spring U (J) can then be computed as

l -
U :  - ( . r -

2

Five springs are testcd and the following data compiled:

F , N

2.8 lt is general practice in engincering and sciencc that
equations be plotted as lines and discrete data as syrnbols.
Here is somc data fbr conccntration ({) \'elsus timc (l) for the
photodegradation of aqueous bromine:

t, min
c, PPm

t 0
41 4
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3C
t 6

40
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2.13 You conract the jur
Table 2.1 and measure
values, which are order
conesponding values in T

A , m 2  o 4 5 A  O 4 O l  O

(a) If the air density is p
compute values of tl
cD.

(b) Determine the averag
result ing values.

(c) Develop a side-by-sid
C, versus rr (right sic
and titles on the plots.

2.14 The following parar
that contracts exponentiall

- l l  l ,  .. r : c  -  s r n I
n  t ,

. v = e  c o s l

Use subplor to generat(
(.r, .y) in the top pane and
(x,.v, l )  in the bottom pane
2.15 Exactly what wil l  t
MATLAB commands are I
( a ) > > x = z ;

> >  x  ^  3 ;
> > Y = B - x

( b )  r t  q  =  4 : 2 : L 0 ;

> >  r  -  1 7  B  4 ;  3
> >  s u m ( q )  *  r ( 2 ,

l l ) 2 l 5  9 t 2
r , r r  0 0 1 3  0 0 2 0  0 C 0 9  0 0 1 0  0 0 1 2

Llse MATLAB to store F and,t as vectors and thcn conrputc
vcctors of the spring constants and the potential energics.
Use thc max l-unction to dctermine the maxirnum potential
cncruy.
2.6 The density oi treshwater can he computed as a lunction
ol ' tcmperaturc with the f ir l lowine cubic cquation:

p :  -5 . -5289 x  l0 -8 f ( l  -  8 . -5016 x  to ' -67<?

i 6.5622 x l0 s 11 + 0.99987

whcre p : dcnsity (g/cnr31 and 16' : tcmperat.urc ('C). Usc
MATLAB to gencrate a vcctor of tcrnpcratures ranging liorn
32 "F to 82.-1 'F using incrcrncnts of 3.6 oF. Convclt thrs vcc-
tor tcl  clcgrecs Celsius ancl the'n computc a vcclor of dcrrsit ics
hascd on the cubic lbrmula. Crcate a plot ol 'p vcrsus 

- i"1..

Rccal l  that T( :  519(7'F - 32).
2.7 Manning's cquation can bc uscd to compulc thc vclocity
01'wirtcr in a rectangl l lar opcn channcl:

.  / s /  B H  \ t '
r t  \ B + 2 H /

wherc U: r,clocity (nr/s), S: channel slopc, n: roughncss
cocfl ' ic ient, I i :  yu;.1,1.r (nr),  and /1 :  dcpth (rn). Thc l i r l lo ' ,v-
ing data is avai lablc lbr I ' ive channels:

n 5 B H

This data can bc dcscribed by the lbl lowing function:

( .  _  4 .g4 . , .00r .1 /

Usc MATLAB to crci\ tc a plot displayirrg both the data
(r-rsing squarc symbols) and the function (using a dotted
l ine) .  P lo t  thc  lunc t ion  lb r  r :  0  to  75  rn in .
2.9 The seni i  1 o9i,  lunction t)pcratcs in an idcntical fashion
to thc fr lot,  l i rnct ion cxccpt that a logarithrnic (basc-10)

scale is used l irr  thc l  axis. Usc this l 'unction to plot the
data ancl l 'unction as dcscribcd irr Prob. 2.t1. Explain thc
resu l t  s.
2.1() Hcrc is sornc wirrd tunncl data l i rr  l i rrcc (I-) vcrsus
ve loc i ty  ( r ' ) :

u,  mls 10 ?.0 30 4A 50 60 7A B0
I t ,  N  ' t 5  7A  3BO 550  6 r0  t 22A  830  1450

This clata can bc de scribcd hy thc l i r l lowing l 'ur.rct ion:

I" :  0.2711ttt ' )x+t

LJsr'  MATLAB to crcatc a plot displaying both thc data
(using diantond symbols) and thc l lnct ion (usirrg a dottcd
l ine) .  P lo t  thc  lunc t ion  l i r r  u :0  to  9 ( )  n r /s .
2. l l  Thc loc_{locr l i rncl ion opcratcs in an idcntical I 'ashion
to the f i l () ' .  l i rnct ion cxccpt (hat logarithnric scalcs arc uscd
l irr both thc,r ancl .r 'axcs. Usc this lunction to plot thc dau
and lunction as dcscl ihcd in Proh. 2. I0. Explain t lrc rcsults.
2.12 Thc Maclaurin scrics cxpansion t irr  thc sinc is

. .r'l .r5 ,r7 .r' ')
S l n , I = - t - -  +  + - -

. r !  5 1  7 1  9 l

Use MATLAB to creatc a plot o1'thc sine (sol id l inc) along
r.vith a plot o1'thc scries cxpansion (dashed l ine) up ttr  and in-
cluding the terni -r7171. Usc the Lrui l t- in t i rnct ion f .rct1)r
ial in conrputing the scries expansion. Make the range of
the abscissa li'onr ,r : O to 3tr 12.

0  035
0.020
0 0 r 5
0 030
a  a22

0 0001
0 0002
o o 0 t o
0 0008
0 0c103

t 0
B

l 9
'24

t 5

2
I
t 5
3
' 2 5

Store these values in a matrix where each row reprcscnts one
oi'thc channels and cach column represents one of the paranr-
ctcrs. Writc a single-l ine MATLAB statcment to conputc a
column vector containing the vclocit ies based on the vir lues
in the parameter matrix.
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2.13 You contact the jumpers used to generate the data in
Table 2.1 and measure their frontal areas. The resulting
values, which are ordered in thc same sequence as the
conesponding valuc-s in Table 2. l, are

A , n t 2  0 . 4 5 4  0  4 0 1  0  4 5 3  0  4 8 5  0  5 3 2  a  4 7 4  A  4 B 6

(a) I l  the air density is p :  1.225 kg/mr, use MATLAB to
compute values of the dimensionless drag coeff icicrrt
cD.

(b) Deternrine the average, minimunr and rnaxir lum ol ' thc
result ing values.

(c) Dcvelop a side-by-side plot ofA versus rr ( lcft  sidc) and
C., versus rr (r ight side). lnclude descript ivc axis l i ibels

and t i t lcs on the plots.
2.11 The lbl lowing paramctric equl l i rrrrs generrlc- l  hcl ix
that contr i icts r 'xponential ly as i t  cvolvcs

. r : e  o l ' s i n I

\ ' = c  C o s I

Use subpl,rr to gcneratc a two-dimcnsional l inc plot ot '
(-r,  i ' )  in the top pane and a three-dirncnsional l ine plot ol '
(,r, r, :) in thc bottom panc.
2.15 Exactly whal wi l l  be displaycd al ier thc l i r l lowing
MATLAB courmands arc typcd'l
( a )  - ' >  x  -  2 ;

: ' : '  X '  l ;

> - . . /  -  l t  x

( b )  t -  q  .  . 1  : 2 : 1 0 ;

> >  r  .  f ]  I  4 ;  )  6  2 . ) ;

> > : i L l l r ( c 1 )  *  r ( 2 ,  3 )

2.16 The trajecbry of an object can be modeled as

R .
) : ( t a n d o ) . \ - - r ' * ) t ,

IU ;COs.d0

where _v : height (m), d,, : initial angle (radians), r :

horizontal distance (m), g = gravitat ional accelerat ion
( :9 .81  m/sr ) ,  u , , :  in i t ia l  ve loc i ty  (m/s ) ,  and y , , :  in i t ia l
height. Use MATLAB to find the displacement fbr r',, : Q
and r,, :30 nr/s lbr ini t ial  angle-s ranging l iom l5 to 75o in
increrncnts of 1,5". Employ a range of horizontal distances
from -t :  0 to 100 m in incremcnts of 5 m. Thc re sults should
be assernblcd in an array where thc f irst dimension (rows)

corresponds to the distances. and the second dimension
(columns) corresponds to the dif l 'erent ini t ial  angles. Use
this matrix to gcncrate a singlc plot of thc hcights versus
horizontal distances lbr each of the init ial  angles. E,rnploy a
legencl to di.st inguish among the di l l -crent cases. and scale
thc plot so that thc minirnum height is zero using the azis
commancl.
2.17 The lcmperature dcpendence ol 'chcmical reactions can
bc ctrrnprrtet l  wi lh the Arrhaniu.t t ' t lutrt i t tn;

k  -  Aa t ' i tR I , ,1

wherc k: rcaction ratc (s r).  A : thc prccxponential (or t ie-
quency) lactor, E: act ivat ion energy (J/mol),  R - gas con-
stant [8.314 J/(rnolc .  K)],  and l ,  :  absolute temperaturc
( K ) . A c o r n p o u n d h a s E :  l x  l O s J / m o l  a n d A : 7  x  1 0 1 6 .
Usc MATLAB to gcncrate valucs ol reaction ratcs 1br tem-
peralurr-s rangin-u lrom 273 to 333 K. Usc subplot to gc'n-
crate r sidc-by-side graph ol '(a) /< vcrsus I, ,  and (b) logr{) f t
vcrsus l /7,, .  Enrploy thc semi l .rqy function to crcatc (b).

Interpret your rcsults.
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