
 

 

 

  



 

 

Maxima program  to verify  Lagrange’s theorem for the group G = {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 

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

1,[a,b],HXH); 

subgroup of G") 

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

0  then  disp("Lagranges theorem is satisfied") 

else disp("Lagranges theorem is NOT satisfied")$ 

 

i } and its subset H = {1, 



 

 

{-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" 

 

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

 

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

 

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

 

 



 

 

To find the ‘index’ and the distinct cosets of the subgroup H

(The following problems to be entered in the record :  Q. No. (1.) , (2.) and the worked problem)

 

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

problems to be entered in the record :  Q. No. (1.) , (2.) and the worked problem)

={0,4,8} of the group ( Z12 , +12 ) 

 

problems to be entered in the record :  Q. No. (1.) , (2.) and the worked problem) 



 

 

LAB--2 

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)

else 

print("sequence is oscillatory")$

OUTPUT 

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

Maxima programme to test the nature of the sequence  { xn } 

print("sequence is divergent") 

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

rint("sequence is oscillatory")$ 

 

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

 

 

ind then print("sequence is convergent") 



 

 

LAB—3 

Maxima code to test for the convergence of the series  

kill(all)$ 

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

u : partfrac(un,i)$ 

load("simplify_sum")$ 

Maxima code to test for the convergence of the series  ∑ 1/n(n+1) 

 

 

 

 



 

 

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  

  

 

Exercise : Discuss the convergence of the following series :  (i) ∑(-1/2)n-1    (ii) ∑ (-1)n    (iii) ∑ n3 

                           (these problems must to be entered in the record) 



 

 

    Maxima code to test for the convergence of the series  

                     (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 

Maxima code to test for the convergence of the series  ∑1/n2   

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

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

ratio test the series is divergent") 

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

1),n,inf); 

 



 

 

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  
(%o2) 1 
"D'Alembert's ratio test fails and we use Raabe's test to verify the convergence"
(%o4) 2 
"By Rabee's test series is convergent"
 

Exercise 

 

(The following problems to be entered in the record :  Q. No. (i

 

LAB—4  :                   

 

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

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

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

"By Rabee's test series is convergent" 

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

 

        

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

 



 

 

1

1!
+
2

2!
+
3

3!
+ ⋯ 

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:",S1)$

OUTPUT 

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

 

print("Sum to infinity of the series is:",S1)$ 

 

 

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



 

 

LAB—5        

 

1. Discuss continuity of the function

kill(all)$ 

a : 3$ 

fa : 6$ 

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 continuit

 

Discuss continuity of the function :  given that f(3) = 6

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

print("One of the conditions of continuity fails 

 

given that f(3) = 6 



 

 

hence the given function is not continuous at","x=",a)$

wxplot2d(f,[x,-5,5]); 

OUTPUT 

 

2.  Discuss continuity of the function :    

 

kill(all)$ 

a:-2$ 

fa:0$ 

hence the given function is not continuous at","x=",a)$ 

2.  Discuss continuity of the function :    at x = - 2 

 

 



 

 

f(x):=3-x^2; 

g(x):=11-x^2; 

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 

Note that the two curves do not meet at x = 

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

print("One of the conditions of continuity fails 

hence the given function is not continuous at","x=",a)$ 

10,10]); 

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

 

 

2 and hence the given function is not continuous at x = -2. 



 

 

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

 

LAB—6   :   Differentiability of a function 

       

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

Maxima code 

kill(all)$ 

x0 : 1$ 

f1(x) := 1-x; 

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

LHL : limit(ratsimp((f1(x)-f1(x0))/(x

RHL : limit(ratsimp((f2(x)-f2(x0))/(x

 

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

Differentiability of a function  

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

 

f1(x0))/(x-x0)), x, x0, minus); 

f2(x0))/(x-x0)), x, x0, plus); 

 

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

 



 

 

if LHL = RHL then 

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

else 

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

OUTPUT 

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

  ( totally three)  ) 

 

 

 

 

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

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

 

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

 

 

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



 

 

LAB—7   Rolle’s theorem

 

 

kill(all)$ 

a:2 ;  b:4 ; 

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

l: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,

 

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

 

 

 

 

Rolle’s theorem 

(Equation of tangent at  (c,f(c) ) 

1,b+1],[y,-3,3]); 

f(x) satisfies all conditions of Rolle’s theorem then the tangent at  (c, f(c)) to the curve 
axis . Red line is theTangent . 

 

 

f(x) satisfies all conditions of Rolle’s theorem then the tangent at  (c, f(c)) to the curve 



 

 

OUTPUT 

2. Verfiy Rolle’s theorem for ex in the interval [0,π]

 

   kill(all)$ 

a:0 ; b:%pi ; 

f(x):=%e^x; 

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

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

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

t(x):=f(c); 

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

in the interval [0,π] 

1,b+1],[y,-3,3]); 

 



 

 

OUTPUT 

   

Since f(0) ≠ f(π) , Rolle’s theorem 

 

3.  Verfiy Rolle’s theorem for log((x

kill(all)$ 

a:1 ; b:3 ; 

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

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

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

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

t(x):=f(c); 

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

π) , Rolle’s theorem is not satisfied by ex in [0,π] 

Verfiy Rolle’s theorem for log((x2+3)/4x) in the interval [1,3] 

1,b+1],[y,-3,3]); 

 



 

 

OUTPUT

 

4.  Verfiy Rolle’s theorem for sin(x)/e

kill(all)$ 

a:0 ; b:%pi ; 

f(x):=sin(x)/%e^x; 

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

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

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

t(x):=f(c); 

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

Verfiy Rolle’s theorem for sin(x)/ex in the interval [0,π]. 

1,b+1],[y,-3,3]); 

 



 

 

OUTPUT 

 

 



 

 

(The following problems to be entered in the record :  

 

LAB—8    Lagrange’s  mean value theorem

 

1. Verify Lagrange’s Mean value theorem for f(x)= (x

 

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

Lagrange’s  mean value theorem   

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

 

 

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);        

c1: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 

(%o1) 0 

(%o2) 4 

(%o3) f(x):=(x-1)*(x-2)*(x-3) 

(%o4) 3 

(%o5) (x-2)*(x-1)+(x-3)*(x-1)+(x-3)*(x-2) 

(%o6) 3.154700538379251 

(%o7) 3.0 

(%o8) ch(x):=f(a)+p*(x-a) 

(%o9) 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 c 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

 

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);        

c1: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 the

else Print("Lagrange's Mean value theorem is NOT satisfied by f(x)")$

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

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

 

a);             > slope of the chord 

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

a)+f(a);        > Equation of chord joininig   (a , f(a))  and  (b , f(b)) 

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,b],[z, a,b]);     ( or we can also use  plot2d )  

 

2) in the interval [0, 0.5] 

  

 

orem is satisfied by f(x)") 



 

 

OUTPUT 

(%o1) 0 

(%o2) 0.5 

(%o3) f(x):=x*(x-1)*(x-2) 

(%o4) 0.75 

(%o5) (x-1)*x+(x-2)*x+(x-2)*(x-1)

(%o6) 0.2362373841740267 

(%o7) 0.7499999999999999 

(%o8) ch(x):=f(a)+p*(x-a) 

(%o9) t(x):=f(c)+c1*(x-c) 

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

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

kill(all); 

a:1;   b: %e ; 

f(x):=log(x) ; 

1) 

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

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

 

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



 

 

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

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

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

c1: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 

 (%o1) 1 

(%o2) %e 

(%o3) f(x):=log(x) 

(%o4) 1/(%e-1) 

(%o5) 1/x 

(%o6) 1.718281828459045 

(%o7) 0.5819767068693265 

(%o8) ch(x):=f(a)+p*(x-a) 

(%o9) t(x):=f(c)+c1*(x-c) 

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



 

 

  

 

 



 

 

(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

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)$ 

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 

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

Cauchy’s mean value theorem 

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

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)")$ 

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

 

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



 

 

2)    Verify Cauchy’s Mean value theorem for f(x)=

kill(all)$ 

a:1; 

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)$ 

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 

2)    Verify Cauchy’s Mean value theorem for f(x)=√𝒙 , g(x)=1/ √𝒙  in [1 , 2] 

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)")$ 

 

 

b then print("Cauchy's Mean value theorem is satisfied by f(x)& g(x)") 



 

 

3)      Verify Cauchy’s Mean value theorem for f(x)=x

 

kill(all)$ 

a:1; 

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)$ 

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 theo

 

 

3)      Verify Cauchy’s Mean value theorem for f(x)=x3   , g(x)=x2  in [1 , 3] 

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)") 

 

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



 

 

OUTPUT 

(The following problems to be entered in the record :  The  3 problems

 

LAB—10               Taylor’s theorem

1.Expand the function f(x) = loge(1+x) around x=1 up to the term containing x

    Expansion. 

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

OUTPUT 

 

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

Taylor’s theorem 

(1+x) around x=1 up to the term containing x4

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

 

worked above.) 

 
4 by Taylor’s    

 



 

 

2.  Expand the function f(x) = ex  around x=1 up to the term containing x

    Expansion. 

Maxima code::   taylor(%e^x,x,1,5)

OUTPUT 

3. Expand the function f(x) = ex.cos(x)

Maxima code::  taylor(%e^x*cos(x),x,0,4);

OUTPUT 

4. Expand the function f(x) =  tan(x) 

Maxima code::   taylor(tan(x),x,0,5);

OUTPUT 

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

 

 

 

 

 

 

 

 

around x=1 up to the term containing x5 by Taylor’s   

taylor(%e^x,x,1,5); 

x.cos(x) up to the term containing x4 by Maclaurin’s  expansion.   

Maxima code::  taylor(%e^x*cos(x),x,0,4); 

 

tan(x) up to the term containing x5 by Maclaurin’s  expansion.   

0,5); 

 

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

by Taylor’s    

 

by Maclaurin’s  expansion.    

by Maclaurin’s  expansion.    

worked above.) 



 

 

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

1. Evaluate  

                                

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

OUTPUT ::  1/6 

2. Evaluate                                          

Evaluation of limits by L’Hospital’s rule 

                                (0/0 form) 

sin(x))/x^3,x,0); 

2. Evaluate                                                   (∞/∞ form)   

 

 



 

 

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

OUTPUT ::  3 

3. Evaluate             

Maxima code ::   limit(x*log(tan(x)),x,0);

OUTPUT ::   0 

Exercise:: Evaluate the limits of the 

(The following problems to be entered in the record :  The  3 problems

 

 

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

    (0x∞  form)  

limit(x*log(tan(x)),x,0); 

Exercise:: Evaluate the limits of the  following functions. 

 

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



 

 

 

 

 

 

 

 

 


