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1 Lagrange’s theorem

binary operation:Let A be a non-empty set. Then a binary operation * on A is a
function * : A x A — A defined by *(a,b) = a*b.

In other words * is binary operation on aset Aifaxbe A Va, b€ A. In this case we
say that A 15 closed under * or closure property holds in A w.r.t . Binary operations
are, usually, denoted by +,— %+ etc.

Group: A non-empty set G with a binary operation #*, denoted by (G, *), is said to be
a group if the following properties (or axioms) are satisfied.

1. Closure property: a*b € GG for any a.b € G.

2. Associate property: (axb)xc=ax (b%c) for any a.b,c € G.

3. Existence of identity element: There exists € in G such that axe =exa=a
for all a € G.

4. Existence of inverse element: For any a in & there exists @' in G such that

axa l=alxa—=c¢c.

Further the group (G, #) is called abelian (or commutative) group if along with above
properties a * b = b* a, Va,b € G, also holds.A group (G, %) 18 simply denoted by G.

Lagrange’s theorem: If &G is any finite group and H is any subgroup of G, then O(H)
divides O(G).

Maxima program to verify Lagrange’s theorem for the group G ={1,-1, i ,-i } and its subset H = {1,

-1}

G : set(1,-1,%i,-%i);

H: set(1,-1);

HXH : cartesian_product(H,H);

HHinv : makeset(a*b”-1,[a,b],HXH);

if HHinv = H then disp("H is a subgroup of G")

else disp("H is NOT a subgroup of G") $

n : length(G);

m : length(HHinv);

if mod(n,m) =0 then disp("Lagranges theorem is satisfied")
else disp("Lagranges theorem is NOT satisfied")$

OUTPUT



{-1,1,-%i,%i}

{-1,1}
{[-1,-1],[-1,1],[1,-1],[1,1]}
{-1,1}

"H is a subgroup of G"

4

2

"Lagranges theorem is satisfied"

Exercise

Verify Lagranges theorem for the following

(1) Let G ={1,—1,i,—¢} is a group and H = {1, }.
(ii) Let G = {1,—1,i,—i} is a group and H = {1, —i}.
(111) Let G = {1,—1,¢,—i} is a group and H = {-1,1}.

(Note : In order to verify Lagranges theorem first we have to prove H is subgroup of ).

(The following problems to be entered in the record : Q. No. (i), (ii) and the worked problem)

Left and right coset and finding the index of a
group

Definition: Let H be any subgroup of a group G and a be any element of G. Then the
set,

Ha = {ha: h € H} is called a right coset of H in G generated by a and the set

aH = {ah : h € H} is called a left coset of H in G generated by a with respect to
multiplicative binary operation. Similarly H +a = {h+a : h € H} is right coset and
a+H ={a+h:he€ H} is left coset of H with respect to additive binary operation. The
cosets are also called residue classes modulo the subgroup. If e i1s the identity element of
G5, then He = H = eH. Hence H itself is a right as well as left coset. Since ea € Ha, we
have a € Ha and therefore Ha # ¢. Consequently no coset can be empty.



To find the ‘index’ and the distinct cosets of the subgroup H={0,4,8} of the group ( Z2, +12)

(318)  kill(all)$
Zzeat (01,2, 3,4, 5,671, 8,9, 10, 11);
n:length(z);
H:set (0,4,8);
m:length (H) ;
Index:n/m;
disp ("Number of distinct cosets of H is",Index)5
disp("Distinct cosets of H are :")S
for i:1 thru Index do(HXi:cartesian product (H, {1}),
Hi:makeset (mod (1+a,n), [1,a],HX1),
disp (Hi)) S
(2) T e o L B R P LR
(n) 12
(H) (U,4,8%
(m) 3
(Index) 4
Number of distinct cosets of H is
4
Distinct cosets of H are :
f1.5.01
[2,6,10]
13711}
{0,4,8)

Exercise

1. Find all the right cosets of the subgroup H = {0, 3} in the group (Zg, +a).

2. Find all the distinet cosets of H = {0,3,6} in (Zy, +9)-
(The following problems to be entered in the record : Q. No. (1.), (2.) and the worked problem)



LAB--2

Convergent, divergent and oscillatory sequences

Definitions:
1. A sequence {z} is said to be convergent if the sequence tends to a finite
quantity, say [

2. A sequence {z,} is said to be divergent if the limit of the sequence is
mfinite (positive or negative).

3. A sequence {z,} is said to be oscillatory if the the sequence neither tends

to a unique finite limit nor to +oc or —oc.

Maxima programme to test the nature of the sequence {x,}

Xn:1+1/n;

lim : limit(xn,n,inf);

if abs(lim) = inf then

print("sequence is divergent")

elseif abs(lim)#inf and abs(lim) # ind then print("sequence is convergent")
else

print("sequence is oscillatory")$

OUTPUT
i |
{3cd) —+1
Il
(%05} 1

sequence 15 convergesnt

(The following problems to be entered in the record : Q. No. (i), (iii), (ix), (xiii) )



Discuss the convergence of the following sequences

(2n+3)

(i) Gntd) (i1) n (ii1) —n? (iv) (=1)"

) l (vi) 1 _% (vii) (1 +l) (viii) nw

_1Yn—1) n (n+1) 0 _ 4hm
(ix) 14 (=1)" @ET +?:) iy (P ED)
(x111) nllog(n + 1) — log(n)] (xiv) log(n _::111_} log(n)
LAB—3

Convergent, divergent and oscillatory series

Definition: Let Y u, be a series and {s,} be the corresponding “sequence of
partial sums”. Then

(i) the series 3 u, is convergent, if the sequence {s,} is convergent
L&,

N s =
00

(1) the series > u, is divergent, if the sequence {s,} is divergent
Le.,

lim sy =400 or — oo
OO

(11i) (a) the series > un 2s said to oscillate finitely, if the sequence {s,} oscillates
finately.

(111) (b) the sertes » u, is said to oscillate infinitely, if the sequence {s,} oscil-
lates infinitely.

Maxima code to test for the convergence of the series § 1/n(n+1)
kill(all)$

un : 1/(i*(i+1))sS

u : partfrac(un,i)$

load("simplify_sum")$



s:sum(u,i, 1, n);

simp : simplify_sum(s);

seq : partfrac(simp,n);

sequence : limit(seq,n,inf);

if abs(sequence)=inf then

disp(" The series is divergent")

elseif abs(sequence)#inf and abs(sequence)#ind then
disp(" The series is convergent")

else

disp(" The series is oscillatory")$

OUTPUT

n+1

{%o06} 1-—

n+1
(F07) 1

The series 1is convergent

Exercise : Discuss the convergence of the following series : (i) 3(-1/2)"* (i) 5 (-1)" (iii) 5 n®

(these problems must to be entered in the record)



Tests for the convergence

D'Alembert’s ratio test

Theorem: Let » u, be a series of positive terms, and

. Un41
lim =2 =1,
T—rO0 'u,ﬂ

Then if | < 1, the series > _ u, is convergent and if | > 1, the series > u, is
divergent.

If,
- g1
lhm —— =1,
oo Up

then the ratio test fails.

Raabe's test

Theorem: Let )  u, be a series of positive terms and

) u
lim 2. A ln=1L
n—+00 \ Uy

Then if | = 1, the series }_ u, is convergent and if | < |, the series ) u, s
divergent.

Maxima code to test for the convergence of the series $1/n’

(D’Alembert’s ratio and Raabe’s tests)

kill(all)$

/*D'Alembert's ratio test*/

u(n):=1/n"2;

D:limit(u(n+1)/u(n), n,inf);

if D<1 then

disp("By D'Alembert's ratio test the series is convergent")
elseif D>1 then

disp("By D'Alembert's ratio test the series is divergent")
else

disp("D'Alembert's ratio test fails and we use

Raabe's test to verify the convergence")$

/* Raabe's test*/

if D=1 then
R:limit(n*((u(n)/u(n+1))-1),n,inf);
if R>1 then



disp("By Rabee's test series is convergent")

elseif R<1 then

disp("By Rabee's test series is divergent")
else

disp("Both tests fail")$

OUTPUT
(%02) 1

"D'Alembert's ratio test fails and we use Raabe's test to verify the convergence"

(%04) 2
"By Rabee's test series is convergent”

Exercise

Discuss the convergence of the following series

, 2! 3!
OREE=S e EER
G s R
W) 9+ *+
3:?‘1
(v) 1
¥ 5"
(vii) o5
S e
(ix) 3 (x)

- 2[?1+1)
(ii) T

., (n+1)!
(v) "

ol 21 3l
(V1)5+?+5—3+...
Lo g, 2P 3P
(viii) l+§+§+

2
N
(3di) 5

(The following problems to be entered in the record : Q. No. (iii), (vi), (x), (xi) )

The sum of the series

LAB—4 :

Maxima code to find sum to infinity of the series




13 23 33
ETRC TR TIM

Maxima code::

kill(all)$

load("simplify_sum")$
u(k):=k~3/factorial(k)$

S:sum(u(k),k,1,inf)$

print("The given series is:",S)$
S1:simplify_sum(S)$

print("Sum to infinity of the series is:",51)$

OUTPUT
k3

The given series 1is: =
|

{ it b

Sum to infinity of the series is: 5 Se

Exercise

Find sum to infinity of the following series

ml+%+§+§+m
ﬁﬂt:{”;”Zm
MQ%+%+§+“
o (25
(v) 3;}'—% ;—I—%—l—

(The following problems to be entered in the record : Q. No. (i), (iii), (v) and the worked example)



LAB—5

Definition:

1. A function f(z) defined in a neighbourhood of a point 'a’ and also at ‘a’ is said to

Continuity of a function

be continuous at =z = a, if im, ., f(z) = f(a).

2. A function f(x) is said to be continuous at z — a, if for every € > 0, there exists a

real number 4 > 0, such that,

|f(z) — f(a)| < ¢, whenever |z — al < 4.

(Note : Here ¢ is very small positive number which quantifies accuracy. It can be

taken as 1072, 1072 etc.)

3. The continuity of a function f(x) at the end points of the closed interval [a, b] is

defined as

(1) f(z) is continuous at z = a, if im, .+ f(z) = f(

a).

(11) f(zx) is continuous at = = b, if lim,_,,- f(z) = f(b)-

9

v

flx) =2

1. Discuss continuity of the function :

kill(all)$

a:3$

fa: 6S

f(x) := (x"2-9)/(x-3);

LHL : limit(f(x),x,a,plus);

RHL : limit(f(x),x,a,minus);

If LHL=RHL and LHL=fa then

print("Given function is continuous at","x=",a)

else

print("One of the conditions of continuity fails

I_

9
3

at r=23.

given thatf(3)=6



hence the given function is not continuous at","x=",a)$
wxplot2d(f,[x,-5,5]);

OUTPUT

32 2<—3

Ll 2 ol

2. Discuss continuity of the function : atx=-2

kill(all)$
a:-2$

fa:0$



f(x):=3-x"2;
g(x):=11-x12;
LHL:limit(f(x),x,a,plus);
RHL:limit(g(x),x,a,minus);
if LHL=RHL and LHL=fa then
print("Given function is continuous at","x=",a)
else
print("One of the conditions of continuity fails
hence the given function is not continuous at","x=",a)$
wxplot2d([f,g],[x,-5,5],[y,-10,10]);
OUTPUT

($03) £(x):=3-x>

(%04) g(x):=11-x2

($05) -1

(%c6) 7

One of the conditions of continuity fails hence the given function is not continuous at x= -2

10 T T - | 3 T |

{$t8)

Note that the two curves do not meet at x = -2 and hence the given function is not continuous at x = -2.



Exercise

Discuss the continuity of the following functions

+3 r<1

() 7= = { stz—1 =)= { e e

41 z>1 472 _ 3 > 1

(The following problems to be entered in the record : Q. No. (iii) and the worked problems ( totally three) )

LAB—6 : Differentiability of a function

Definition: Let f(x) be a function defined in a domain D € R and "zp" be any point in

D). Then
o @)= f(z)

T—T0 T — &g
if 1t exasts, 1s called the derivative of f({z) at x = xy. The denivative of f(x) at £ = x5 18
denoted by f'(xg) |
II-F(IH‘J — lim f{ﬂ:} = f[:j-lﬂ}

T—+Ep) T — T

if the latter limit exasts.

1. Examine the differentiability at x = 1 for the function

f{x]:{.r‘—l G

l—z <1

Maxima code

kill(all)$

x0:1$

f1(x) := 1-x;

f2(x) := x"2-1;

LHL : limit(ratsimp((f1(x)-f1(x0))/(x-x0)), x, x0, minus);

RHL : limit(ratsimp((f2(x)-f2(x0))/(x-x0)), x, x0, plus);



if LHL = RHL then

print("Given function is differentiable at", "x=", a)

else

print("Given function is not differentiable at", "x=",a)$

OUTPUT

{(%02) fl(x):=1-x

(303) £2(x):=xz?-1
{(304) -—1
{(¥o05) 2
Given function is not differentiable at x=a

Exercise

Examine the differentiability of the following functions using Maxima

, 243 z>1 . 6x—9 z >3 _
(1) f(;:r')_{ { o I{lat.r_l. (njj{:n,]_{ .2 r£3at.’r_3.
9. 1 0 1 -2 —1<zx<0
i fe =L P T B = 132 0=zl ot s
0 z—=10 x—3 1==x <2
0,1.
Ve <9 l—-a z>a
T T
(v) flz) = atx=2 () f(z)=Ra—z =<2 atz=10
0 =2 0 0
p —

(The following problems to be entered in the record : Q. No. (ii), (v) and the worked problem

( totally three) )



LAB—7 Rolle’s theorem

It f(r) is a tunction defined on |[a, b], such that,
(1) f(x) is continuous on [a, b,
(11) f(x) 1s differentiable on (a, b),

(1i) f(a) = f(b),

then there exists at least one wvalue of = ¢, such that a < ¢ < b, for which

f'le) =0.

Maxima code to verify the Rolle’s theorem for the function
Flzs) = 2 — 6x + 8 in the interval 2, 4]

kill(all)$

a:2; b:4;

f(x):=x"2-6*x+8;

I:f(a); m:f(b);

df:diff(f(x),x)$

c:find_root(df,x,a,b);

t(x):=f(c)$ (Equation of tangent at (c,f(c) )

wxplot2d([f(x),t(x)],[x,a-1,b+1],[y,-3,3]);

Note : If f(x) satisfies all conditions of Rolle’s theorem then the tangent at (c, f(c)) to the curve
y=f(x) is parallel to the X-axis . Red line is theTangent .



OUTPUT

2. Verfiy Rolle’s theorem for e* in the interval [0,mT]

kill(all)$
a:0 ; b:%pi ;
f(x):=%e"x;
I:f(a); m:f(b);
df:diff(f(x),x);
c:find_root(df,x,a,b);
t(x):=f(c);

WXpIOtZd([f(X),t(X)], [xla-1lb+1ll [y:'3r3]);



OUTPUT

Since f(0) # f(r) , Rolle’s theorem is not satisfied by e” in [0,rt]

3. Verfiy Rolle’s theorem for log((x*+3)/4x) in the interval [1,3]
kill(all)$

a:l; b:3;

f(x):=log((x"2+3)/(4*x));

I:f(a) ; m:f(b);

df:diff(f(x),x)$

c:find_root(df,x,a,b);

t(x):=f(c);

WXpIOtZd([f(X),t(X)],[X,a'l,b+1], [Y,'3;3]);



OUTPUT

T T __|. _ i
0 1436 m_ -

4. Verfiy Rolle’s theorem for sin(x)/e” in the interval [0,t].

kill(all)$

a:0; b:%pi ;
f(x):=sin(x)/%e"x;
I:f(a); m:f(b);
df:diff(f(x),x)$
c:find_root(df,x,a,b);
t(x):=f(c);

WXpIOtZd([f(X),t(X)], [x,a-1,b+1], [yl-3I3]);




OUTPUT




Exercise

Verify Rolle’s theorem for the following functions

(i) f(z) = €® in the interval [0, ]

(ii) f(z) = 8x — 2? in the interval [2, 6]

2+ 3

(ii1)) f(z) = log ( i ) in the interval [1, 3]

(iv) f(z) = z(x — 3)? in the interval [0, 3]

%111(:1:}

v) fl=z) =

in the interval [0, ]

(vi) €*(sin(x) — cos(z)) in the interval [T ‘T]

(vii) 2 — 322 — = + 3 in the interval [L, 3]

(The following problems to be entered in the record : The 4 worked problems )

LAB—8 Lagrange’s mean value theorem

If a function f(x)

(i) is continuous on [a, b],

(11) 1s differentiable on (a,b),
then there exists atleast one value ¢ € (a.b) such that,

f) —fla) _
O EeR = f(e).

1. Verify Lagrange’s Mean value theorem for f(x)= (x-1)(x-2)(x-3) in interval [0,4]



kill(all);

a:0; b:4;

f(x):=(x-1)*(x-2)*(x-3);

p:(f(b)-f(a))/(b-a); > slope of the chord

df:diff(f(x),x);

c:find_root(df-p, a+1,b);

cl:ev(df, x=c); .> slope of the tangent

ch(x):=p*(x-a)+f(a); > Equation of chord joining (a, f(a)) and (b, f(b))
t(x):=c1*(x-c)+f(c); >Equation of tangent at (c, f(c))

if a<c and c<b then print("Lagrange's Mean value theorem is satisfied by f(x)")
else Print("Lagrange's Mean value theorem is NOT satisfied by f(x)")$

wxplot2d([f,t,ch],[x, a-5, b+5],[y, a-5, b+5],[z, a-5, b+5]); ( or we can also use plot2d )

OUTPUT

(%01) 0

(%02) 4

(%03) f(x):=(x-1)*(x-2)*(x-3)

(%o04) 3

(%05) (x-2)*(x-1)+(x-3)*(x-1)+(x-3)*(x-2)

(%06) 3.154700538379251

(%07) 3.0

(%08) ch(x):=f(a)+p*(x-a)

(%09) t(x):=f(c)+c1*(x-c)

"Lagrange's Mean value theorem is satisfied by f(x)"

(Note:: If f(x) satisfies Lagrange's Mean value theorem in the interval [a,b] then there exists a point ¢ such
that the tangent to the curve y=f(x) at (c,f(c)) is parallel to the chord joining the points (a,f(a)) and

(b,f(b)) on the curve)



2. Verify Lagrange’s Mean value theorem for f(x) = x(x-1)(x-2) in the interval [0, 0.5]

kill(all);

a:0; b:0.5;

f(x):=x*(x-1)*(x-2);

p:(f(b)-f(a))/(b-a); > slope of the chord

df:diff(f(x),x);

c:find_root(df-p, a,b);

cl:ev(df, x=c); .> slope of the tangent

ch(x):=p*(x-a)+f(a); > Equation of chord joininig (a, f(a)) and (b, f(b))
t(x):=c1*(x-c)+f(c); >Equation of tangent at (c,f(c))

if a<c and c<b then print("Lagrange's Mean value theorem is satisfied by f(x)")
else Print("Lagrange's Mean value theorem is NOT satisfied by f(x)")$

wxplot2d([f,t,ch],[x, a, b],[y, a,bl,[z, a,b]); (orwe can also use plot2d)



OUTPUT
(%01) 0

(%02) 0.5

(%03) f(x):=x*(x-1)*(x-2)

(%04) 0.75

(%05) (x-1)*x+(x-2)*x+(x-2)*(x-1)

(%06) 0.2362373841740267
(%07) 0.7499999999999999
(%08) ch(x):=f(a)+p*(x-a)
(%09) t(x):=f(c)+c1*(x-c)

"Lagrange's Mean value theorem is satisfied by f(x)

0.5

0.4

0.3

0.2

0.1

X

3. . Verify Lagrange’s Mean value theorem for f(x) = log(x) in the interval [1, e]

kill(all);
a:l; b: %e;

f(x):=log(x) ;

| | T | f .
P i
i
o
-
S
.-"'-/ 2]

| | | |
0.1 0.2 0.3 0.4 0.5



p:(f(b)-f(a))/(b-a); > slope of the chord

df:diff(f(x),x);

c:find_root(df-p, a ,b);

cl:ev(df, x=c); .> slope of the tangent

ch(x):=p*(x-a)+f(a); > Equation of chord joininig (a, f(a)) and (b, f(b))
t(x):=c1*(x-c)+f(c); >Equation of tangent at (c,f(c))

if a<c and c<b then print("Lagrange's Mean value theorem is satisfied by f(x)")
else Print("Lagrange's Mean value theorem is NOT satisfied by f(x)")$

wxplot2d([f,t,ch],[x, a-1, b+1],[y, a-1,b+1],[z, a-1,b+1]); ( or we can also use plot2d)

OUT PUT

(%01) 1

(%02) %e

(%03) f(x):=log(x)

(%04) 1/(%e-1)

(%05) 1/x

(%06) 1.718281828459045
(%07) 0.5819767068693265
(%08) ch(x):=f(a)+p*(x-a)
(%09) t(x):=f(c)+c1*(x-c)

"Lagrange's Mean value theorem is satisfied by f(x)"



2.3

Exercise

Verify Lagrange’s mean value theorem for the following functions

(1) flz) ==z(zx —1)(z —2) in {O,é]
. 2 . [—1 13
(ii) f(z) =2 —-3%x—11in [7,?}

(i) f(z) = sqrt(25 — =?) in [-3, 4]
(iv) f(x) =logz in [1,¢]



(The following problems to be entered in the record : The 3 worked problems and Q.No. (ii) above. )

LAB—9 Cauchy’s mean value theorem

Definition: If two functions f(z) and g(x) are such that

(i) both f(z) and g(z) are continuous in [a, b]
(i1) both f(x) and g(x) are differentiable in (a, b)

(m) g'(x) # 0 any where in (a,b), then there exists at least one point ¢ € (a,b), such
that . .
f(b) — fla) _ I'le)
g(b) —gla)  g'(c)

1) Verify Cauchy’s Mean value theorem for f(x)=log(x) , g(x)=1/x in[1, e]

kill(all)$

a:1; b: %e;

f(x):=log(x);

g(x):=1/x;

p:(f(b)-f(a))/(g(b)-g(a));

df:diff(f(x),x);

dg:diff(g(x),x);

c:find_root((df/dg)-p,a,b)S

disp("value of c = ",c)$

if a<c and c<b then print("Cauchy's Mean value theorem is satisfied by f(x)& g(x)")
else Print("Cauchy's Mean value theorem is NOT satisfied by f(x)& g(x)")$

OUTPUT



{%cl) 1

(F02) %e
(%03) f{x}):=logi(x)
1
(%04) g(x):=—
X
1
(%05}
e -1
1
(%06} —
3
1
{(%a7) ——
Hd

valus of ¢ =
1.58197670686932¢
Cauchy's Mean value theorem is satisfied by f(x)& g(x)

2) Verify Cauchy’s Mean value theorem for f(x)=vx , g(x)=1/ Vx in[1, 2]
kill(all)$

a:l;

b:2;

f(x):=sqrt(x);

g(x):=1/sqrt(x);

p:(f(b)-f(a))/(g(b)-g(a));

df:diff(f(x),x);

dg:diff(g(x),x);

c:find_root((df/dg)-p,a,b)S

disp("value of ¢ = ",c)$

if a<c and c<b then print("Cauchy's Mean value theorem is satisfied by f(x)& g(x)")
else Print("Cauchy's Mean value theorem is NOT satisfied by f(x)& g(x)")$

OUTPUT



{%cl) 1

($02) 2
(203) f(x):=+x
1
(%04) g(X]-—E
(3a5] =
1 e
.-\I? 1
206) —
{ 2@
1
($07) -

value of o =
1.414213562373095
Cauchy's Mean value thecorem is satisfied by f(x)& g(x)

3) Verify Cauchy’s Mean value theorem for f(x)=x> , g(x)=x* in [1, 3]

kill(all)$

a:l;

b:3;

f(x):=x~"3;

g(x):=x"2;
p:(f(b)-f(a))/(g(b)-g(a));
df:diff(f(x),x);
dg:diff(g(x),x);
c:find_root((df/dg)-p,a,b)S
disp("value of ¢ = ",c)$

if a<c and c<b then print("Cauchy's Mean value theorem is satisfied by f(x)& g(x)")

else Print("Cauchy's Mean value theorem is NOT satisfied by f(x)& g(x)")



OUTPUT
(301) 1
(302) 3
(303) f(x):=x°

(50d) glx):=x

{(%05) E
4

(306) 3 x°
[TFad) 2=
value of ¢ =
2.lcbbobbbbEEEEET
Cauchy's Mean value theorem is satisfied by f(x)& g(x)

(The following problems to be entered in the record : The 3 problems worked above.)

LAB—10 Taylor’s theorem

Definition Let f(z) be a function defined on [a, b, such

(i) f"(z) is continuous on [a, b]

(ii) f*"'(zx) is derivable on (a, b)

Then there exists a real number ¢ € (a, b), such that

(b—a)®

I “} =5 ”}ﬂ_ (trJ‘ — a}”
A i

1
— 7 i 1 i ML S L

71!

f(b) = fla) + (b—a)f'(a) +

1.Expand the function f(x) = loge(1+x) around x=1 up to the term containing x* by Taylor’s
Expansion.

Maxima code:: taylor(log(1+x),x,1,4);

OUTPUT

" (%i10)

x-1 (x-1)° (x-1)° (x-1)*
(%c10) /T/ log({2)+ - + -
2 a8 24 o4




2. Expand the function f(x) = e* around x=1 up to the term containing x> by Taylor’s
Expansion.
Maxima code:: taylor(%e”x,x,1,5);

OUTPUT

Befx—1) Ba(x-1) SBarx—1]  Sel(x 1]
(%013)/T/ FetBe ({x-—-1)+ + T ¥

& 24 120

x<os) yp to the term containing x* by Maclaurin’s expansion.

3. Expand the function f(x) = e
Maxima code:: taylor(%e”x*cos(x),x,0,4);
OUTPUT

=7 x*

(%016) /T/ 14x—— —— +
3 &

4. Expand the function f(x) = tan(x) up to the term containing x* by Maclaurin’s expansion.
Maxima code:: taylor(tan(x),x,0,5);
OUTPUT

x3 2::5
(Fcl8) /TS =+ — b ——
3 15

(The following problems to be entered in the record : The 4 problems worked above.)



LAB—11 Evaluation of limits by L’'Hospital’s rule

Let f(z) and g(z) be two functions defined on [a, b] and satisfy the Cauchy’s theorem.

We know that "
lim f('T) - MMz 3a JF{'r}

T—+a ql:.l} N limz—q H(I)

provided both the limits exist and

hm g(x) # 0.

r— i

L'Hospital’s rule:

Suppose f(z) and g(z) are functions satisfying the conditions

(1)

lm /) =
and
lim g(z) =0,
(i)
flz) _ .. flz)

e et

fl=)

g(z)

in this case i1s said

provided the limit on the right hand side exists. The expression

to assume the indeterminate form 0 as T —% a.

The other simple indeterminate forms are —, 00 X co, oo — oc, 07, 1% and ao?,
0o

1. Evaluate
. (z—sinx)
him 3
7+ T

(0/0 form)
Maxima code:: limit((x-sin(x))/x"3,x,0);

OUTPUT :: 1/6

fan =z

him
r— 3 tan 3T

2. Evaluate (eo/o= form)



Maxima code:: limit(tan(x)/tan(3*x),x,%pi/2);

OUTPUT :: 3

lim x log tan

<
3. Evaluate (Oxeo form)
Maxima code :: limit(x*log(tan(x)),x,0);

OUTPUT: O

Exercise:: Evaluate the limits of the following functions.

(1) {cosz}ff ast — 0

(11) (1— .I.'ﬂ}l"!iji“'" as x — 1

1
(iii)) xtan— as z —* oo
T

(iv) (i cot J,-) 0

T
(v) l—cosx 0
d xlog(l + =) a5
; ¥ —
(vi) l—z+logz Bz =0
. log(@—m/2)
(vi1) o asx — w/2
e bt o ST
log tan

(ix) (sinz)™"* as r — w/2
1

1258
(x) (#)I as x —+ ()

(The following problems to be entered in the record : The 3 problems worked above and Q.No.(i),(iii),(iv) ).






