B %l K% NATIONAL SUN YAT-SEN UNIVERSITY
BHEXRE (—) MATH 103 / GEAI 1215: Linear Algebra I

MRE January 10, 2022 Final Exam

4% Name : Selwtion

Z3% Student ID #

Lecturer: Jephian Lin A& %
Contents: cover page,
6 pages of questions,
score page at the end
To be answered: on the test paper
Duration: 110 minutes
Total points: 20 points -+ 7 extra points

Do not open this packet until instructed to do so.

Instructions:
— Enter your Name and Student ID # before you start.
— Using the calculator is not allowed (and not necessary) for this exam.

— Any work necessary to arrive at an answer must be shown on the ex-
amination paper. Marks will not be given for final answers that are not
supported by appropriate work.

— Clearly indicate your final answer to each question either by underlining
it or circling it. If multiple answers are shown then no marks will be

awarded.
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1. [1pt] Find subsets A, B C {1,3,5,7,9} and a function f : A — B such
that f is injective but not surjective.

Lt A=01F Lt JA =B
B= {1,% _i:j;i :
I

2. [1pt] Find subsets A, B C {1,3,5,7,9} and a function f : A — B such
that f is surjective but not injective.

Jet A= 11,35 Lot f: A —8

B4 Rand
o =1,
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3. [1pt] Let Ng = {0,1,2,...} be the set of all nonnegative integers and Z
the set of all integers. Find a bijection from Ny to Z.

o if n=o
M f(‘/') = L"{_’ FJC n QOPJ
=t Tf n even
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4. [1pt] Find a surjective linear function f : R — R? such that f(1,—1,1) =

(0,0).
Lot A;[’ ’ "] md 7T
- o | _—

5. [Ipt] Find an injective linear function f : R? — R3 such that f(1,0) =
(1,-1,1).
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0 0 1
u = |0, ug= |1, uz= |1}/,
1 0 1

and = {uy,uy, u3} be a basis of R®. Suppose f : R? — R? is a linear
function such that

6. Let

s =[] 7w = 3] and o) = 7).

0
(a) [1pt] Find f ({1} ) :
1

§ (1)< o= L1 L] - 3]

P+ f(t(;)// e

!
) lt] Find 7 (H )
B £ -

f(g]) = f(‘u‘ =W, + ub) = —ﬁu') -‘}\(u,) +‘FUA3)
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—

3
(c) Ept] Find a matrix A such that f(u) = Au for all u € R%.

F(3)- 1]
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e

Let o = {uy, uy, u3} be a basis of R® and 8 = {v1,vs} a basis of R?
Suppose f : R® — R? is a linear function such that

7. Let

f(lll) = Vg,
f(uz) = Vi,
f(113) = Va.

Recall that &, is the standard basis of R".

(a) [1pt] Find the matrix representation [f]2.
éﬁ(u()j:[?] B_ YO / O]
ol 7 PR
Jraw]-17]

b) [2pt] Find the change of basis matrices [id]* and [id]% .
(8% gg
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(c) [2pt] Find a matrix A such that f(u) = Au for all u € R3.
. S pal pe (7%
A= Bf] =L T B,
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8. [5pt] MM : 3 E — 4 SR G A bk K B8 M A A R
st % E (linear function) °
FETHRRIRNETER EHACHERIHMOMGZ - FAATH
R AEOEOME  AERRRAANEBAAREERZL? T
HENEEXREROMA? FE— LT AL BHE T (Ed
B~ REE)) > BRE-REZEBAGAAMEE AL EIET A
LB RWEHFHY o B XEARS > BRRGF@E—@ o
(If Chinese is not your native language, you may use English or the
language that you prefer.)
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9. [extra 5pt] Let 8 = {ug,...,u;} be a set of nonzero vectors in R”. Sup-
pose Mg, ..., \x are distinct real numbers and A is an n x n matrix such
that Au; = \u; for ¢ = 0,..., k. Show that § is linearly independent.

Cee ver A
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10. [extra 2pt] Let p = 1+2z+2% and ¢ = —4+2x+3x2— 223 be polynomials.
It is known that
. |

100 —4 0 37 —40 44 —48 52
210 2 —4 —52 57 —62 68 —74
121 3 2| =1]20 —22 24 -2 29
012 -2 3 9 —10 11 -12 13
001 0 -2 |10 —11 12 —13 14 |

Find polynomials a € Py and b € P; such that ap + bg = 1, where Py is
the set of all polynomials of degree at most d.

gﬁc et A ;

[END]
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