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Abstract

In some teaching materials of signals and systems, negative frequency is said to have no physical
meaning, and the definition of phase angle is not strict enough. In this paper, the negative fre-
quency and phase angle are described by the method of rotation vector. From the geometric sense,
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if the positive frequency is the counter clockwise rotation angular velocity of the vector, then the
negative frequency is the angular velocity of clockwise rotation. From the engineering point of
view, it can correspond to the reverse rotation of the generator. Therefore, negative frequency not
only has clear physical significance, but also has important engineering application values. In
general, the phase angle is defined by the arctangent trigonometric function, but the range of the
phase angle is -1t/2 to /2, the actual phase angle should be —nt to n. This problem can be strictly
defined by rotation vector.

Keywords

Signals and Systems, Negative Frequency, Phase Angle, Rotating Vector

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

— (G55 R B PR AR EAWERE S AR ERIRTTE, ofE B SR
(ET 5 ARG BAETERE B Z80E 1 # A SRR [1] [2]0 PRPRERSSE N I8 L TRE N AR T B0
FPIBE 3] KA N S SR AR M R R b i [4], R AR ANBE T T 3 T SO i 1
PILTH 5 014 vt FEE A [ 35 A 00 552325 [ 5146 U B oA B AT B B2 1 TRE R AN B A SOR R TR R ok
FIRBR, A SO AT W6 4 LA R AN B S

UL KM 5 K6 2% AP 01 Jo 341 R 3CHISRT DA T s o B I 8, R B 80 AR A — M SN
IEVI= SOt s, (HIXAP RS AR AL A A IR VG 2 FOSVE B — o AR SCRER A e R 75 30
HBE SRS, BT LU 3 i)

2. HEMRHRHEIR

— R AR x(t), I A R ARG B 5 X(w). X T RN T 55 x(t), (4 Fr 280
PASE SO = A A B A o

21 ZAEANEEHEH

x(t) =2 +ian cos(nayt)+b, sin (nayt)

n=1
1 ptom
8 == t; x(t)dt "
a, :TEI:M x(t)cos (ne,t) dt
0
0, = [ x(t)sin(nept)dt
0

H @, =2n/T , n BUEEEL.
e BRI R HGa ] U R TR X

DOI: 10.12677/0jcs.2020.93007 49 S RS


https://doi.org/10.12677/ojcs.2020.93007
http://creativecommons.org/licenses/by/4.0/

A &

x(t) = a, +2A1 [cos(nmyt+9,)]

A =,/a’+b? )

@, =—arctan(b, /a,)

Horb A OIRIE, oo AFAGL. AT 2 FTUAE L B H x(t) 2 T — RSN IESZ BB I A, 24 n BN
RN, XL IESZI RN nwo, IRIE Ay FEELN @ne

2.2. HEHBHANEEHRE
R A, F AR Q)P IESZB S R IEZ BT, T A O A -8, iy

{E)
X()= 3 e,
1 ”;"”T 1 1 ®
I te atdt = = A gion — = _ib
& ==, x(t)e 2A1e 2(an ib,)

Horbn BUTTA B H (—o0, )

~A(1): (2), (3)F ags ans bys Crs Ans o BT LUE R n (KR EL, tHAT LB IR 0, 2 o = nwg
MRk g, RIEANIHGR BT o KEHME. ay by HIn>1, SR ¢, P n AT DLRC GV St /2
FATLU R . TR E SO R BRSO IR, $25E SCOUIAR i RS AN PR . BRI R I
ANRB L — LSO RO A TR B LR L.

FAh A 3 2) b SCHIAEAL F € N —arctan(by/a,), X B E CHIAR LA BUE S By -—n/2 2] 7/2, T
FSRAALA A B n, SR EUE DT B M T —, IR R IED) bR B 22 & LU AR TE
2o SR P 177 A ELORUE 2> BEASBEDS O, BUAR AL A AN REUE 9 2n/2, 1858 B (K AR 37 £ 2 FT BLBUE N £n/2
.

DAL i RS R AR e A R B R AR A 5 3L

3. NEFEREBHIENX

Wk 1 P e R, AN r i B, RO B B R P SONTeFE KB OP . OP i
B IR, o NIEAE, NS EE:, o NUE. X AR I LA iR .

Im
P
B ; \ oNIHE
@
o A o Re

/ o NHfE

Figure 1. Rotation vector
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Figure 2. Rotation vector and complex sine wave
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Figure 3. Real part and imaginary part of complex sine wave
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Figure 4. The superposition of two conjugate complex sinusoids forms a real sine wave
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Figure 5. The rotation vector is used to express the parameters of Fourier series
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Figure 6. Relationship between phase angle ¢, and a, b,
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