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Summary of 2D Geometrical Linear Transformations

e Scaling: kI, = {lg 2}

L b .
e Projection: P = [g CJ where a = u2, b = ujuy and ¢ = u? = 1 — u (Unit vector of

line L: [“1} ).

Ug

Reflection: [g ba} , Where a = 2u% — 1 and'b = 2ujuy (Unit vector of line L: Bl} ).
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Rotation combined with a scaling : [Z —cﬂ (Note: scaling factor r = v/a? + b2, rotation
angle 6 = tan™'(b/a)).

. 1 k . |10
Horizontal shear: {O 1], vertical shear Lﬂ J
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1. (15 pts) Consider the linear system 3 Xt \6 020
| 3z + kzo =6 SXe £ X2 2T
{ kri+ 29 = —3 Sy AN s '}l/)t

(a) (3 pts)Write the systems in matrix form and write down the corre-
sponding augmented matrix.
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b) (6 pts)Determine the values of k such that the above linear system

is consistent.

(c) (6 pts)If k = 3, is the linear system consistent? If it is consistent,
please find all the solutions. ’
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2. (15 pts)Define the transformation 7:R3 — R? so that /
T -2 1 r1 — 2%9 + T3
| ( [ 7 Zo| — | 1+ 22+ X3
{_, ) } L T3 1 + 329 + 43

(a) (3 pts)Is this transormation linear? If so find its matrix A.
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(b) (7 pts) Is A invertible? If A is inverti:ble&please find AL

LT TR e
C 1 bro Lo t o '+ $ o ,
3 g | , o o 3 (= ROy Wwe\
oo ¢ <> T ‘ o
L R S ERT
d Jj_; i s A - ﬁ ? ’
2 gy [ee f@afjiz 33 @
3 e (-l (01 ]'Oxo {7 797 O"] 2 5
¢ 31 g & Lo -3 40 2 4 Tgq
(c) (5 pts) If there is any, find a vector ¥ such that T(U) = b where
b= I:Q _ k’:'}h/'l\/z + % O V"“f%/
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3. (10 pts) Let T: R? = R¥bea hnear transformatlon for which
ke s 7\0(
T¢2 \ ) L IE L
’T 1 T(¢,) = |—1| and T(&) = 2
3 1
Write down an expression for the matrix of the linear transformation
from R? to R? described as follows: first rotate all vectors in the plane
by 30° counterclockwise, then project onto the line spanned by { ﬂ,
then make the resulting vector 3 times longer, and finally apply T. (You
do not need to actually multiply the matrices. )
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4. (10 pts) Suppose T ({y}) = {293 +3y— 52]. What is ker(T)?
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