
1 
 

 

SCHOOL OF SCIENCE AND HUMANITIES 

                                             DEPARTMENT OF MATHEMATICS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

UNIT – I – BASIC DIFFERENTIAL CALCULUS -  SMTA1105 



2 
 

UNIT - I 

 BASIC DIFFERENTIAL CALCULUS 

 

 

Introduction to Derivative of a function – Rules of Differentiation – Product Rule – Quotient 

Rule – Implicit Functions - Evaluating Higher order Derivatives –Maxima and minima of 

functions of one variable 
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Maxima and Minima of one Variable 
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UNIT II 

FUNCTIONS OF SEVERAL VARIABLES 
 

Partial derivatives– Euler’s theorem for homogeneous functions– Jacobians 

Maxima and Minima for functions of several variables– Method of Lagrangian 

multipliers 

 

Partial Differentiation: 
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Jacobians 
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Maxima and Minima of Functions two variables 

 

Maximum Value: A function f (x;y) is said to have a maximum value at x = a; y = b  

if   f (a; b) > f (a+ h ;b +k); for small and independent values of h and k; positive or negative. 

 

Minimum Value: A function f (x ;y) is said to have a maximum value at x = a; y = b 

 If  f (a;b) < f (a +h ; b +k ); for small and independent values of h and k; positive or negative. 

 

Extreme Value: f (a ;b) is said to be an extremum value of f (x ;y) if it is either maximum or 

minimum. 

 

Working rule to find extreme values (Necessary Conditions) 

 

Step 1: Find ∂ f /∂x and ∂ f /∂y 

 

Step 2: Solve the equations ∂ f/ ∂x = 0 and ∂ f /∂y = 0 simultaneously. 

 

Let the solutions be (a, b), (c,d),... 

 

Stationary Points: The point (a,b) at which ∂ f/ ∂x = 0 and ∂ f /∂y = 0 are called stationary points of 

the function f(x,y) 

 

Stationary values: The values of f(x,y) at the stationary points are called stationary values of the 

function f(x,y). 
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 Note: Every extremum value is a stationary value but a stationary value need not be an extremum. 

 

Sufficient Condition for Maxima and Minima 

 

Let (a,b) be a stationary point. 

 

 Then if rt –s2   > 0 at (a, b) and r < 0 (t < 0) then f(a ,b) is maximum value. 

 

 rt −s 2 > 0 at (a,b) and r > 0 (t > 0) then f(a ,b) is minimum value.  

 

rt −s 2called a saddle point of the function f(x ,y).  

 

if  rt −s 2 = 0, then the case is doubtful and hence further investigations are required. 

 

Discuss the maximum and minimum of x 2 +y 2 +6x +12. 

 

Solution:  Let f(x,y) = x 2 +y 2 +6x +12 

                   Now p = 2x +6,q = 2y, r = 2, s = 0 and t = 2  

                   The stationary points are given by p = 0,q = 0 

                   ⇒ 2x +6 = 0 and 2y = 0 ⇒ x = −3 and y = 0 

  (-3, 0) is the stationary point 

Hence f(x,y) is minimum when x = −3 and y = 0. 

 

Examine f(x,y) = x 3 +y 3 −3xy for maximum and minimum values 

 

Solution: Let f(x,y) = x 3 +y 3 −3xy  

Now p = 3x 2 −3y,   q = 3y 2 −3x,     r = 6x,    s = −3 and    t = 6y  

 

The stationary points are given by p = 0,q = 0 

⇒ 3x 2 −3y = 0 and 3y 2 −3x = 0 

 x 2 = y      (1) and y 2 = x      (2)  

Substituting (2) in (1), we get x 2 = √ x ⇒ x 4 = x ⇒ x(x 3 −1) = 0 

⇒ x = 0,1 and   y = 0,1 

 

Examine f(x,y) = x 3 +y 3 −3axy for maxima and minima. 

 

Solution: Given f(x,y) = x 3 +y 3 −3axy  

Now p = 3x 2 −3ay,q = 3y 2 −3ax, r = 6x,s = −3a and t = 6y  

The stationary points are obtained by equating p = 0 and q = 0  

⇒ 3x 2 −3ay = 0 and 3y 2 −3ax = 0 ⇒ x 2 = ay and y 2 = ax  

 

Solving these two equations, we get (0,0) and (a,a).  

Therefore the stationary points are (0,0) and (a,a) 

Hence the point (a,a) is a minimum if a > 0  and  (a,a) is a maximum if a < 0 

 

Lagrange’s Method of Undetermined Multipliers 

 

The conditions for f(x,y,z) to have a maximum point or a minimum point is du = 0.  

Therefore we get ∂ f/ ∂x .dx + ∂ f /∂y .dy + ∂ f/ ∂z .dz = 0  
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Multiply by λ, we get 

 λ ∂g/ ∂x .dx +λ ∂g/ ∂y .dy +λ ∂g/ ∂z .dz = 0  

Adding we get  

∂ f/ ∂x +λ ∂g/∂x  dx +  ∂ f/ ∂y +λ ∂g/ ∂y  dy +  ∂ f/ ∂z +λ ∂g ∂z  dz = 0 

 

 

A rectangular box open at the top is to have volume of 32 cubic ft. find the dimensions in order that 

the total surface area is minimum. 

 

Solution: Given g(x,y,z) = xyz −32 = 0 

 Let x,y,z be the dimension of rectangular box open at the top. 

 Total surface area (S): f(x,y,z) = xy +2xz +2yz  

We define the function F(x,y,z) = xy +2xz +2yz +λ(xyz −32) 

 At the critical points, we have ∂ f/ ∂x +λ ∂g /∂x = 0 ⇒ y +2z +λyz = 0  

∂ f/ ∂y +λ ∂g/ ∂y = 0 ⇒ x +2z +λxz = 0 

∂ f /∂z +λ ∂g/ ∂z = 0 ⇒ 2x +2y +λxy = 0  

,x −y = 0 ⇒ x = y  

⇒ y 2 −2yz = 0  

⇒ y (y −2z) = 0 ⇒ y=0 and  y −2z = 0 

 ⇒ y= 2z 

We get x = 4,y = 4, z = 2.  

Hence the dimensions are 4cm, 4cm and 2cm 

 

 

 

Find the dimensions of the rectangular box, open at the top of maximum capacity whose surface is 

432  sq.cm.  

Solution: Let x, y, z be the dimensions of the rectangular box, open at the top. 

 Given its surface area g(x   ,y , z) = x y +2yz +2zx −432 = 0  

The volume is (V): f(x,y ,z) = xyz  

We define the function F(x, y, z) = xyz +λ (xy +2yz +2zx −432)  

At the critical points, we get yz +λ(y +2z) = 0   

  xz +λ(x +2z) = 0 

  xy +λ(2y +2x) = 0  

      ⇒ x = y       and y = 2z  

We get x = 12. y = 12, z = 6. 

 Hence the dimensions of the rectangular box are 12 cm, 12 cm and 6 cm 
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UNIT - III 

 BASIC INTEGRAL CALCULUS 

 

Review of Integration and its methods – Definite Integrals – Properties of 

Definite Integrals – Problems on Evaluating Definite Integrals – Beta and 

Gamma Functions – Relation between Beta and Gamma functions (without 

proof)– Properties and Simple problems.  
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UNIT - IV 

                      NUMERICAL METHODS FOR SOLVING EQUATIONS 

 

Solution of algebraic equation and transcendental equation: Regula Falsi Method, Newton Raphson 

Method – Solution of simultaneous linear algebraic equations: Gauss Elimination Method, Gauss 

Jacobi & Gauss Seidel Method. 
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UNIT - V 

 INTERPOLATION NUMERICAL DIFFERENTIATION AND 

INTEGRATION 

 

Interpolation: Newton forward and backward interpolation formula, Lagrange’s formula for 

unequal intervals – Numerical differentiation: Newton’s forward and backward differences to 

compute first and second derivatives – Numerical integration: Trapezoidal rule, Simpson’s 1/3rd 

rule and Simpson’s 3/8th rule. 
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