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MODULE 1 NOTES

CALCULUS AND LINEAR ALGEBRA Semester 1
Course Code 1BMATS101 CIE Marks 50
Teaching Hours/Week (L:T:P: §) 3:2:0:0 SEE Marks 50
Total Hours of Pedagogy 40Hours Theory + 20Hours Tutorial | Total Marks 100
Credits 4 Exam Hours 3hrs
Examination type (SEE) Theory

Course Outcomes

CO1: Apply the concepts of multivariable calculus and vector calculus to compute derivatives, optimize
functions, and analyze vector fields for applications in computer science engineering.

Module-1: Calculus (8Hours Theory + 4Hours Tutorial)

Partial differentiation, total derivative, differentiation of composite functions, Jacobian, Statement of
Taylor's and Maclaurin's series expansion for two variables. Maxima and minima for the function of

two variables.
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[IJai Sri Gurudev ||
BGSKH Education Trust (R.) — A unit of Sri Adichunchanagiri Shikshana Trust(R.)

BGS College of Engineering and Technology

Mahalakshmipuram, West of Chord Road, Bengaluru-560086
(Approved by AICTE, New Delhi and Affiliated to VTU, Belagavi)

DEPARTMENT OF MATHEMATICS

MODULE 2 NOTES

CALCULUS AND LINEAR ALGEBRA Semester

Course Code 1BMATS101 CIE Marks

Teaching Hours/Week [L:T:P: §) 3:2:0:0 SEE Marks

Total Hours of Pedagogy 40Hours Theory + 20Hours Tutorial Total Marks

Credits 4 Exam Hours

Examination type [SEE) Theory

Course Qutcomes

CO1: Apply the concepts of multivariable calculus and vector calculus to compute derivatives,

optimize functions, and analyze vector fields for applications in computer science engineering.

Module-2: Vector Calculus (8Hours Theory

+ 4Hours Tutorial)

Scalar and wvector fields, Gradient, directional derivatives, divergence and curl - physical
interpretation, solenoidal vector fields, irrotational vector fields and scalar potential.

Introduction to polar coordinates and polar curves.
Curvilinear coordinates: Scale factors, base vectors, Cylindnical polar coordinates, Spherical

polar coordinates, transformation between cartesian and curvilinear systems, orthogonality.
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VECTOR SPACE

ROW SPACE & COLUMN SPACE:

Let A =[P;;] be an mxn real matrix that maps the vectors in R" to vectors in R™. The four fundamental

subspaces be associated with A, two in R" and two in R™, are:

1. Row space of A, the set of all x for which Ax is non zero.
2. Null space of A, the set of all x for which Ax =0
3. Column space of A, the set of all y for which A’y s nonzero.

4. Left null space of A, the set of all y for which ATy = 0.

The row space and null space are orthogonal to each other and span all of R". The column space and

the left null space are also orthogonal to each other and span all of R™.

ROW SPACE, COLUMN SPACE AND NULLSPACE

Let A be a m x n matrix, then

(i) The row space of A is the subspace of R" spanned by the row vectors of A
(ii) The column space of A is the subspace of R™ spanned by the column vectors of A.
(iii) The solution space of the homogeneous system of equations Ax = 0, which is a subspace

of R", is called the null space ( or kernel) of A.



EXAMPLE-1:

1. Find bases for the row space, the column space of the matrix A
Step 1 : Reduce the matrix to row echelon form
Step 2: Identify the row space
Step 3 : Identify the column space
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Step 2: Row Space: Non Zero rows are R1, R2, R3. Row space of the matrix is the span of these

vectors.

Row(A) = Span{ (1,3,-5,0,10), (0,1,-2,2,7), (0,0,0,1,-5)}

Step 3: Column Space: For the column space, the pivots are in C1,C2 and C4 (First non

zero entry in a row). Hence column 1,2 & 4 from original matrix form a basis.

—271 [—57 10

Basis for Col A : 1 ; 3 ; 1
3 11| |7

1 7 5

EXAMPLE 2: Find bases for the row space, the column space of the matrix A

L2
B Bl

A=| 2 *#-2-3-1
5 10 -8 -3 —|
Y6 3 2

We first reduce A w row-cchelon form:

(121 -2-97 [12-1 -2 | ]
AL100 0 T it o0 0 o1
: 000 7 417 7foo 0o o 3
|00 0-4-2| |00 0 0 2 i
(12 -1 -2-17 [12-1-32 17
SO0 0 0 1t fsloo o0 o1
00 0 0 17 ltoo o o
L0000 2] [o0 0 0 o]




Step 2: Row Space: Non Zero rows are R1, R2, R3. Row space of the matrix is the span of these
vectors.

Row(A) = Span{ (1,2,-1,-2,-1), (0,0,0,1,1), (0,0,0,0,1)}

Step 3: Column Space: For the column space, the pivots are in C1,C4 and C5 (First non

zero entry in a row). Hence column 1,2 & 4 from original matrix form a basis.

1 -21 -1
: 2 -3 |1

B for Col A : ; ;
asis for Co [5‘ l_:‘J l_l
-3 2 1

Practice Problems:

Find bases for the row space, the column space of the following matrix:

" L =3
1.;-___3 £ I
T -
2”‘:_14—117]
1 2 3
3. A=|5 6 7.
| 9 10 11
0 3
4 A=|0 -6 —2|.
| 0 12 4
1 2 -1 3
o s | 3 &=3 5
G i - S
_5 10 —5 7

1 1 23
6. A= 1 1 —26 |.
3 1 42

3 ok ok ok ok ok ok ok
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