Chapter-8

Linear Transformations

* A linear transformation is a function T that maps a vector space
V into another vector space W:

T:V—E=W, V,W:vector space

V: the domain of T V: Domain Jlaall

W: the co-domain of T @
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Two axioms of linear transformations Range
(1) Tu+v)=T()+T(v), VuveV b
(2) T(cu)=cT(u), VceR
I"V-oWw W: Codomain

Jiaall Jladll

* Image of v under T * Notes:

Tbvisia Vandwisin v sichithat (1) A linear transformation is said to be operation preserving.

T(v)=w T(u+v)=T(u)+7(v) T'(cu)=cT(u)
I I st

Addition | | Addition Scalar Scalar
inV nW multiplication | | multiplication

* the range of T in } in
The set of all images of vectors in V.

range(T)={T(v)|Vve V} (2) A linear transformation T : ¥ = Fom a vector space into

Then w is called the image of v under 7.

* the pre-image of w: itself is called a linear operator.

The set of all v in V such that 7(v)=w.




Q1.T: R? 5> R?v = (vy,v,) €ER?, T(vy,vy) = (V) — vy, v + 20,)

a. Find the imageof v =(—1,2)?
b. Find the pre-image of w = (—1,11)?

Solution:
a. v=(-12)
T(v) = T(-1,2) = (-1 — 2, -1 + 2(2))
= (-3,3)

b. Tv) =w = (-1,11)
We know T (vq,v3) = (v; — vy, 11 + 2v,) = (—1,11)
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Multiple -1 and Add
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So (3,4) per-image of (-1,11)

Q1. Verify a linear Transformation T fromR?into R?
T(vy,v2) = (V1 — V3, V1 + 203)

Solution:

Letu = (uy,uy) , v = (vy,v,) and c is any real number

1. Letu+v= (u;,u,) + (v1,v3)
= (uy + vy ,uy +vy)




T(u+v)= T +vq,uy; +v,)
= ((uy +v1) — (uz +vy) , (u +v1) +2(u; +vy))
= ((uy — up) + (v —v3), (uy + 2uy) + (v1 + 2v,))
= ((uy — ug,uy + 2uy) + (v; — vy, v; + 2v,))
=T)+T)

.cu = c(uq,uy) = (cuq, cuy)
T(cu) = T(cuq,cuy) = (cuy — cuy, cuy + 2cuy)
= c(uy —uy, Uy + 2u,)
= cT (u)
.. Tis a linear transformation.
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e Zero transformation :

T:V->W T(v) =0, VveV

e |dentity transformation:

T:V->V T(v)=v, VveV
\ _J

Ql. Let T:R® - R3 bea linear transformation such that
T(1,0,0) =(2,—-1,4)
T(0,1,0) = (1,5,-2)
T(0,0,1) = (0,3,1)

Find T(2,3,—2)?
Solution:

(2,3,—-2) = 2(1,0,0) + 3(0,1,0) — 2(0,0,1)
T(2,3,—2) = 2T(1,0,0) + 3T(0,1,0) — 2T(0,0,1)
=2(2,-1,4) + 3(1,5,—2) — 2(0,3,—2)

= (7,7,0)




Q2. The functionT: R3 — R3 is defined by

[

3
2
-1 -2

0
T(u) =Av = 1
Find T(u) where v = (2,—1)?
Solution:

v=(2-1)

30
T(w) = Av= | 2 1][
1

. T(2,—-1) = (6,3,0)




