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NUMERICAL INTEGRATION FORMULAS

where u(l):  width of the dam face (m) at elevation .:
(Fig. Pl7.9b). The l ine of act ion can also be obtained by
evaluating

IoD pgzu:(z)(D - z.) tJz,

ft p,su( : ) (D ; )  t1 :

Use Simpson's rule to compute J, and cl .
17.10 The tbrce on a sailboat mast can bc reprcscntcd by the
following function:

/ - \
J r . - r : 2 0 0 ( . , . ) , : s ' a

\ / T ' l

where: : the elevation above the deck and H : thc height
of the mast. The total force F exerted on the mast can be dc-
termined by integrating this function over the height of the
mast:

I f  M,, iszero and.r :  I  l ,  calculate M using (a) analyt ical in-
tcgration, (b) multiple-application trapezoidal rulc, and (c)
multiplc-application Simpson's rules. For (b) and (c) use l-m
lncrements.
17.13 The total mass of a variable density rod is given bi-

7 1 .
, r :  I  pG)A , . ( r )dx

Jt)

where rz : filoSS, p(,r) : dcnsity, A,(,r) : cross-sectional area,
-r : distance along the rod and L : the total length ofthe rod,
The following data has been measured for a l0-m length rod.
Determine the mass in grams to the best possible accurac),

x , m  a  2  3  4  6  B  l 0
p , g l c m 3  4 a o  3 9 5  3 8 9  3 B o  3 . 6 0  3 4 t  3 3 l
A , ,  cm2  l oo  l o3  l 06  I  l o  )2a  I  33  l sc

I k.) dz

The linc of action can also be deterrnined by integratron:

r H
r  J 0  : . I t : t a :

- u

J,, '  . f  r : \  ' l :

(a) Use the composite trapezoidal rule to compute F rnd d
for the case whcre 11 : 30 (n : 6).

0  30  60  90  t2a
0 340 l2aa t600 27aa

I  5 0  I  B 0  2 ) A  2 4 0
3 r  00 3200 3500 3800

17,14 A transportation engineering study requires that you
determine the numbcr of cars that pass through an intersec-
tion traveling during morning rush hour. You stand at the
side ol the road and count the number of cars that pass every
4 minutes at several times as tabulated below. Use the best
numerical method to determine (a) the total number of can
that pass betwecn 7:30 and 9:15, and (b) the rate ofcan
going through the interscction pcr minute. (Hint: Be careful
w i th  un i ts . )

B:45 9:  i5

2 1  9

1 7.1 5 Determine the average value for the data in Fig. P I 7. 15.
Perfbrm thc intcgral necded tbr thc avcragc in the order shown
by the following equation:

r ,  f  r , -  I
l -  I  l l  / ( \ . r ) , . / . r l , 1 r

J , .  L / " ,  . l

17.16 Integration provides a means to compute how much
mass enters or leaves a reactor over a specified time period.
as  in

f t )

M:  I  e t  t l r
J t

where I, and t2 - the initial and final times, respectively,
This formula makes intuitive sense if you rccall thc analogy
between integration and summation. Thus, the integral rep-
rcscnts the summation of the product of flow times concen-
t r r f ; o n  f o  q i v o  t h e  f o l r l  m r { q  e n t e r i n q  o r  l e e v i n q  f r n m  l .  t o  t "

Use numerical

data listed bel

t,  mln

Q, m3/mi;r
c, fng/Jn"

17.17 The cr

Puted as

A, :  I
. /0

where R : t

and,r :  dist l

average tlov

(b) Repeat (a), but use the composite Simpson's l /3 rule.
l7. l l  A wind fbrce distr ibuted against the side of a sky- Time (hr) 73A 7 45 B:OO B:15
scraper is measured as Rote (cors

per  4  min)  I  B  24  l4  24

Height /, m
Force, F(/),  N/m

Height l, m
Force, F(/), N/m

Compute the net fbrce and thc line of action due to this dis-
tr ibuted wind.
17.12 An I l -m beam is subjected to a load, and the shear
force follows the equation

V ( - r ) : 5 + 0 . 2 5 1 2

where V is the shear force, and,r is length in distance along
the beam. We know that V : dM ldx, and M is the bending
moment. Integration yields the relationship

r I
M : M . , +  I  V t t  t '

. l , t

o : 1,,'
where  U:

a numerical
data:

) r f i
I;1, ffi

U, mls
-
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