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Abstract. This article is intended for first year undergraduate students. In
this work, we explore the technique of tabular integration, and apply it for evaluating
Fourier series and Laplace transform.
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Introduction

Integration by parts and tabular integration are used to integrate product of
two functions. The technique of tabular integration is very well known [1, 2]. But
still it has not find its way into textbooks [3]. Traditionally we teach integration of
product of two functions by technique of integration by parts. It is our experience
that students take more time to learn and successfully apply this technique. Espe-
cially when we need to repeatedly apply the technique of integration by parts. We
find that students make mistakes. On the other hand, we find that students easily
apply the tabular integration technique even in complex situations. Classically the
technique of integration by parts is given as follows:

(1) /udv:uv—/vdu.

In the above equation, it is preferred to choose as u a function which is easy to
differentiate, and whose derivative may vanish. Such as polynomial functions. In
many situations, we may need to repeatedly employ the integration by parts until
the differentiation of w vanishes. Let us implement the technique of integration by
parts for evaluating the integral

(2) I= /z2 sin x dz.
Since the third derivative of 22 is null, it is appropriate to pick 22 as u. Thus,

u=2x and dv = sinx dx,
du =2xdr and /dvz/sinxdx,

du =2xdx and U = —COSZ.
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Substituting u, v, dv and du in the equation (1), we obtain
(3) /mQSinxd:c:f:vzcostrQ/xcosa:d:c.

Now for evaluating [« cosz dz, we again need to use the integration by parts. Let
us now choose:

u=xz and dv = cos x dx,
du=dx and /dv:/cosxdx,

du =dx and v =sinz.

Substituting u, v, dv and du in the equation (1), we obtain
/:z:cosxd:c =zsinx — /sinxd:z: = xsinz + cosx.

(We omit the integration constant.) Now substitution the above integral in the
equation (3) gives the desrired integral:

/x2 sinz dr = —2° cos x + 2(x sinx + cos x)

= —z2cosx + 2xsinx + 2 cos z.

Let us now evaluate the same integral by using tabular integration. In this
technique, we form a table consisting of two columns. The first column contains
successive derivatives of the function which is easy to derivate or whose higher order
derivatives may vanish. After that, all entries of the first column are alternately
appended with plus or minus signs. While, the second column contains successive
integrals (antiderivatives). The first column is designated by D and the second
one by I. Now the last step is to find the successive terms of the integral. They
are given by multiplying each entry in the first column by the entry in the second
one which lies just below it. Finally the integral is equal to the sum of the terms
obtained. For evaluating the integral (2), we can form Table 1. Thus by the tabular
integration:

/xQSinxdm = —z%cosx + 2zsinz — 2cosx + 0

= —x2%cosx + 2xsinz + 2cos x.

The number of terms is finite only if the higher order derivatives of the function
u vanish. For example, the third order derivative of the function z? is null (see
Table 1). Otherwise at any level the process of integration can be terminated by
forming a remainder term defined as the integral od the product of the entry in the
first column and the entry in the second column that lies directly across it.
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D 1

+f(z) 9(z)

—fi(= g¥l(z)
D I +f2(ms g¥(x)

+x2 sin(x) —f3(z) g8l (z)

—2x — cos(x) : :

+2 — sin(x) (=1)"f™(z) g™ (z)

-0 cos(z) (1)t frtl(z)— gln+1l(g)
Table 1. Table for integrating f:tz sinz dx Table 2. Table for integrating ff(:):)g(:v) dx

Let us now understand the tabular integration through the integration

[ f@(e) ds

Table 2 is the integration table for this integral. In this table, f?(z) denotes the i
derivative of the function f(x). While, gl?! denotes the i*" integration (antideriva-
tive) of g(x). From Table 2, the integration is:

/ f@)g(e) dz = f(2)gh (@) + £2(2)g¥ () -
+ () @) g @) + (—1)n / £ (@)g ) (2) de

- Z (@) + (-1 [ f4 @) ) da.

Let us now apply the tabular integration technique for finding the Fourier
series of the following even function:
f(z) = 2%, —r<x <.

The Fourier series is given as:

(4) fx)=ao+ Z[an sinnz + by, cos nx]
n=0
Here
- f@dn =1 [ j@eosneds b= [ f@sinned
ap = — anp = — x nxdx, b, =— x)sinnz dz.
07 on ™) T ) _x
Let us first evaluate ao.
1 2 (7
(5) a0 = o— / 2k g =5 /o 22 dx [since %" is even]
1 [ g2k+177 2k
T [2k+1h T 2%+ 1



100 S. K. Khattri

D I
+f(fll) cos(nx)
— (= sin(nz)

+f2 (e

\ cos(nw)
\ sm(n:c)

+f4(x)

( 1)2k lek 1(\
cos(nz)

(=1)% f25(a) (- —x

G

sin(nz)
n2k+1

(—1)2k+1f2’°+1(3:‘} ( l)k

Table 3. Table for integrating ff(x) cosnx dz. Function f(x) is differentiated 2k + 1 times,

while cosnx is integrated 2k1 times.

b, = 0 since z2* sinnz is odd. Let us evaluate a,,.

17 2 (7
a, = — f(z)cosnzdr = f/ f(@)cosnzdr [f(z)cosnz is even].
L ™ Jo

Table 3 is our integration table for the above integral. Integrating by parts 2k + 1

times gives:

0 f(z) cosna dv = {f(z)smnx + fl(x)coz# ~ @) SiI:L;m
_ f3( )COZ;LT ot (_l)kflkafl(m)COnb#

sinnz]” 4 sinnx
+ (_1)kf2k(x):| + (_1)k+IA f2k+1(l') T dr.
0
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Since sinnm = sin0 = 0, the previous integral is equal to
cosnxr1™

cos nx cos nx 1 22k
:[ﬂ@) — P e (DM @) Ty
n 0
1)kt 2h+1 (g Sm nx
/ £ o) it o
k :
i1 [P () cosnz T sin nx
— |:Z(_1)L IT 0 + (_1)k+1 i f2k+1(x)W dz.
i=1
Now for the function f(z) = z%*,
AN ) =2k (2k — 1) - (2k — 2) - ... - (2k — 2i + 2)22k~2iF!
_ (2k)! L 2k—2it1
(2k — 2i + 1)
and f2k+1 =0, and thus
k ™
T - 2k)! .1 COSNT
dr — 1 i1 R ok gy cosnx
; f(z) cosnz dx LZ_;( ) (2k—2i+1)!x 3
Since cosnm = (—1)", we have
" =Syt @R iy (F1)"
; f(z) cosnz x—;(— ) mw S

Substituting the above integral in the equation gives a,,:

k
2 . (2k)! iy (-1
= — —1)¢ 1 2k—2i+1 /
“ ﬂ;( T T n2i

Substituting ag, a, and b, in the equation (4) we finally obtain

k (zk)lﬂ.Qk:Qi-&-l (—1)"

2 m _ 2 i—1
' _Z[wz(_l) (2k —2i4+1)!  n2

n=1 =1

cosn,

for —m < x < 7. Substituting z = 0 and k£ = 1 in the equation (6) gives:

e n+1 2
Yok

Similarly, substituting z = 7 and k = 1, resp. £ = 0 and k = 2, gives:
o0 o0
1 2 -1 n+1 7 4
LT e O T

n? 6 n4 720
n=1 n=1
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—st

+sin(w t) \ e
—st

e

—w cos(wt) \_
s

—st

—w? sin(wt) ——

52
Table 4. Table for evaluating Laplace transform L£{sinwt}.

Let us now apply the technique of tabular integration for finding Laplace trans-
forms. Laplace transform of a function f(t) is defined as

T

7 P = ()= [ s tar= g [ poetar

0

Let us find out the Laplace transform of sinwt. For evaluating it, we can form
Table 4.

oo
E{sinwt}z/ e ' sinwt dt
0

— . — o0
—e Stsinwt  we™ % coswt w2 o[
= - — e *'sinwtdt

s 52 o % Jo
L{sinwt}
and thus
2 .
. w . —sinwT  wcoswT w
Lsinwt} <1 i 32> - Th—r}go { sesT 2T ] Bl {0 B 372} ’
0
w
L{sinwt} = ——.
{sinwt} T

Let us now find the Laplace transform of t"e%. Table 5 presents tabular
integration technique for evaluating this transform. Using the table, we obtain

ﬁ{t”e“t}:/ trela=)t gt
0

|:tne(as)t nt(nfl)e(afs)t n(n _ 1)tn726(a75)t

a—s  (a—s)? + (a —s)3
nlela=s)t 1%
UL,
(=1)"*ip! n!

(a—s)"t1 (s —a)ntl’
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D I

+t" ela—s)t

—ptn—1 \ ela—s)t
\\ (a - S)

(a—s)t
+n(n — 1)t"~2 Ranlinen
\ (a e 3)2

(a—s)t
—n(n —1)(n — 2)¢2=3 .
(@ sy

(a—s)t

+n(n — 1)(n — 2)(n — 3)tn—4 £
(a—s)*

(=1)" n! el
\ ((1 - S)n

ela—a)t

0

(a— s)ntt

Table 5. Table for evaluating Laplace transform L{t"e*}.

For the purpose of exposition, we may see that for s > a:

™ (a—s)T T
lim — " = lim ———— =0
T—o0 a—Ss T—o0 (a — S)Q(S_G)T

(applying L’Hospital rule n times).
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