SUMMARY SHEET: APPLICATIONS OF IN TEGRATION

Engineering Maths HH (MAE11

Reduction Formulae: When an integral contains a power of
., then it may semetimes be rewritien (using integration by
parts) in terms of a similar integral containing (n ~ 1) (or
n — 2, ete.). The result is a recurrence relation. Eg:

In :/m”e“ dz

produces the recuirence relation {or reduction formula}
Li=2"¢" - nl,.1.

Henes, if Jo can be found, then I3 can be found, and then fg,

and so on.

Double integrals: Integral of a function of both 2 and Yyl
F(=, y) over some region in the 2~y plane:

k3 2
f f fz,y)dy de
&) ¥

The y integral is done first (ie work from inner integral out-
wards), and is done treating = as a constant. The Jimits 11 and
y2 may be functions of .

Mean of function: Mean value of function y = J{2) between
v =aandx = b
f i y do

2

b—a

2

Root mean square of function: Root mean squarc (RMS)
value yems of function y = f(z) betweenz = g andz = b

fy v de

Yrims — b a

Vulum% of Rotation — about x-axis:
V= fa, ay® da

Vaolume of Rotation — About y-axis

b
V= f 2wy dz
@

Centroid of plane figure: Position of centroid ¢ of figure
bounded by = f(z) and 2~ and y-axes is (%, §):

b
AZ = /mydm
b
A = f%yzdw
/2

Text Book References

1),

. b
where A is area of figure: A= ["y de.

Centre of mass of solid of revolution: By symmetry §j = 0,
and i
J: : 2y dz

ff y2 da:

Length of curve: Length of curve given by v = f(z) between
s=gandz = b

b dyy?

S = / 1+(mi) dw

‘ dx
24
If curve is in parametric form: = = a(t), y = y(¢), then:
2 day? dy\?
- f{EE S g
s /, \(dt) +(dt)

where £, and ¢z are fimits on parameter for start and end of
curve.

I o=

Surface of Rotation — about z-axis: Area of surface of rota-
tion formes by rotating y = f(z) about the z-axis;

b dy 2
A:f Bwy\ 1+(d—$) de.

(If the surface is closed then remember to add on the area of
circles at both ends.)

Approximate Integration; Split interval for integration into a
number of subintervals (“strips™). For each strip there is a cor
responding value of the fimction to be integrated. Label these
F (first), L (fast), R (the rest), E (even), or G {odd) depend-
ing on the method to be used. The various rules give methods
to combine these values to give an approximate value for the
integral. The strips are assumed constant width, cqual to s.

Trapezium Rule:
A= %{F + L +2R)

where the terms are: F for first value (at start of integration
interval), L for last value (at end of integration interval), and
R for “the rest” (i.e., the sum of the rest of valucs). Note that
the values are thosc of the furction to be integrated.

Simpson’s Rule: The number of strips has to be even (and the
number of 2 positions odd).

A~§[(F+L)+4E+23}

where, the terms are: 7 first, L last, B (sum of) even
numbered vatues, R: (sum of) the rest of values. Notg that
odd/even is based on labelling the first value 1, the second 2,
ofe. For the same number of strips Simpson’s rule is more
accuratc than the Trapezium rule.
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