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Abstract

Linear algebra is widely learned as the basis of high-level mathematics. This introductory lecture explains
with some examples how linear algebra is used in antennas and wireless systems such as MIMO commu-
nications and sensing technologies with multiple antennas. The primary purpose of this lecture is that
the audience learns to connect linear algebra with physics organically. In addition, it is expected that the

audience will understand and manipulate linear algebra as an effective tool for the analysis of antennas and
wireless systems.
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A=U,D\*Vl =u,8,VH (52)
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27 bv
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DAHDBRIEERATERI NS,

y() =W, HWx(1) (53)
22T, rank() =r <min(M,N) £ LT, ¥+ %
WIREATHI H 2 LT D X ) IR EE7 1R T 5.

H=USV" (54)
S = Sr 0r><(N—r) (55)

Orr-rysr  O—r)x(N-r)

Sy =diag{u1, -+, ur} (56)

22T, up, Ly Er HOIEX O R RETH

5., ¥, UBERREXZ FADBFNCIES N X
Da=F VT, V IZERE 7 VDHNIES

MRDL=Y VITHITH 5.
REEZEDOY AL T W, W, %

W,=V w, =U"

L, AG3)BUTDOEICEETE S,

y(t) = WrHth(t)
=URUSVIVx(1)
= Sx(1) (57)
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x=A'd (58)
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B, EQX)ITMBFITRTH S ) D,

IT, M MZzRAMT 5. REfTH A
25 M x N Df7%1T, rank(A) = r < min(M, N)
b5 ELT, ZDOREESFED

A=USVH (59)
S — Sr OrX(N—r) (60)
O rvi-rysr  OM-ryx(N=r)
Sy = diag{p1, -+ pur } (61)
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— i) BRATERI NS [9].

A~ =VvSsluH (62)
S_1 _ [ S;l 0r><(M—r) ] (63)
ON-r)sr  ON—r)x(M-r)
1 1
s = diag{—, . ,—} (64)
M1 Hr

— W T 2 W x, = ATb 1X, M >N D
Be

X, = arg min ||Ax — b||? (65)
ThHbH, M <N DEEI,
X, = arg min llx|1? subjectto Ax = b (66)
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