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• Course prerequisites

Ø Basic Knowledge of  Sets. 

Ø Basic Knowledge of  binary operations.

Ø Basic Knowledge of functions.

Ø Basic Knowledge of Matrices.

CO Number Title Level 

CO1 1) The concept of partial derivatives and its application in real 
life situations

2) The concept of Multiple Integrals and its applications.

Remember & 
Understand

CO2 The concept of Group theory and its application of analysis to 
Engineering problems.

Remember & 
Understand

CO3 The concept of vector spaces in a comprehensive manner. Remember & 
Understand

Course Outcomes 



Topic Outcomes
• Students will able to understand basic concept of linear

transformation.

• Students will able to understand basic concept kernel and nullity.

• Students now able to aware with the algebraic operations between 
linear transformations.
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Linear Transformation
Let 𝑓: 𝑉 ⟶ 𝐹 where V is  vector space over the field F  such that 
(i) 𝑇 𝑥 + 𝑦 = 𝑇 𝑥 + 𝑇 𝑦 for all 𝑥, 𝑦 ∈ 𝑉
(ii) 𝑇 𝛼𝑥 = 𝛼𝑇 𝑥 for all 𝑥 ∈ 𝑉, 𝛼 ∈ 𝐹

The two above conditions can be written as
𝑇 𝛼𝑥 + 𝛽𝑦 = 𝛼𝑇 𝑥 + 𝛽𝑇 𝑦 for all 𝑥, 𝑦 ∈ 𝑉, 𝛼, 𝛽 ∈ 𝐹

Examples:
1) T(x)=0 ∀𝑥 (zero transformation)
2) T(x)=x ∀𝑥 (Identity Linear transformation)
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Linear Transformation
Results:
• Let V be a vector space over F. If (𝛼!, 𝛼", … , 𝛼#) is basis of V and W 

contains with vectors (𝛽!, 𝛽", … , 𝛽$) for 𝑚 ≥ 𝑛. Then exists unique 
linear tranformation 𝑇: 𝑉 ⟶ 𝑊 such that 𝑇 𝛼% = 𝛽&, 𝑗 = 1,2, … , 𝑛.
• Let 𝑇: 𝑉 ⟶ 𝑊 be Linear Transformation. Given vectors 
𝑣!, 𝑣", … , 𝑣# ∈ 𝑉

(i) If 𝑣!, 𝑣", … , 𝑣# are linearly dependent, then T(𝑣!), 𝑇(𝑣"), … , 𝑇(𝑣#)
linearly dependent.

(ii) T(𝑣!), 𝑇(𝑣"), … , 𝑇(𝑣#) linearly independent, then 𝑣!, 𝑣", … , 𝑣# are 
linearly independent

5



Linear Functional
• Let 𝑉 be a vector space over a field 𝐹. A mapping 𝑓: 𝑉 → 𝐹 is termed 

a linear functional if for every 𝑢, 𝑣 ∈ 𝑉 and every 𝑎, 𝑏 ∈ 𝐹
𝑓 𝑎𝑢 + 𝑏𝑣 = 𝑎𝑓 𝑢 + 𝑏𝑓(𝑣)

Examples:
1. Let 𝑓: 𝐹# ⟶ 𝐹 be the ith projection mapping 𝑓% 𝑎!, 𝑎", … , 𝑎# = 𝑎%

then 𝑓% is linear and so it is a linear functional on 𝐹# .
2. Let V be the vector space of polynomials in t over R, Let 𝜙: 𝑉 ⟶ 𝑅

be the integral operator defined by 𝜙 𝑝 𝑡 = ∫'
! 𝑝 𝑡 𝑑𝑡. Since 𝜙is 

linear and hence it is a linear functional on V.
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Kernel and Range
• Kernel:
Kernel of homomorphism T contains all those members that are mapped 
to 0 and it is called the Null space of T. 

iff T is one-one. 

• Range:
Range of T is defined to be 
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Rank and Nullity

• Rank and Nullity of T:
Let 𝑇: 𝑉 ⟶ 𝑊 be a L.T. we define Rank of T= dim𝑅𝑎𝑛𝑔𝑒 𝑇 = 𝑟(𝑇)
Nullity of 𝑇 = dim𝐾𝑒𝑟𝑇 = 𝜈(T)

• Sylvester’s Law :
Let 𝑇: 𝑉 ⟶ 𝑊 be a L.T., then 𝑅𝑎𝑛𝑘 𝑇 + 𝑁𝑢𝑙𝑙𝑖𝑡𝑦 𝑇 = dim𝑉.
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Algebra of linear transformations
Linear transformations can be added, and multiplied by scalars. Hence 
they form a vector space themselves.
• Theorem: Let T,U:V⟶W linear transformation if 

1) We define T+U:V ⟶W by (T+U)(a)=T(a)+U(a).
2) We define cT:V ⟶W by cT(a)=c(T(a)). 
Then they are linear transformations.

• Hom(V,W):
Set of all L.T from vector space V to W  over F. It is denoted by L(V,W) 
of Hom(V,W) 
• L(V,W) is a vector space.
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Algebra of linear transformations

Results:
• Let V and W be vector spaces of dimensions m and n over F. Then

• If  then
(i) 
(ii) 
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Invertible and Non Singular transformations

Definition:
𝑇: 𝑉 → 𝑊 is invertible if there exists U:𝑊 → 𝑉 is such that 𝑈𝑇 = 𝐼𝑣
and 𝑇𝑈 = 𝐼𝑤.  Further, 𝑈 is denoted by 𝑇(!. 
Result: If T is linear, then T-1 is linear.
Definition:
𝑇: 𝑉 → 𝑊 is nonsingular if 𝑇(𝑐) = 0 implies 𝑐 = 0
Result:
𝑇 is nonsingular iff 𝑇 carries each linearly independent set to a linearly 
independent set. 
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