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a) Forekommande vinkelfrekvenser: wy = 4 rad/s, wp = 7 rad/s.
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wo = SGD(w1,w2) = SGD(22,7) = 1 rad/s = Ty = 27 sek Surtersetten , vs.
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b) Vinkelfrekvenser: w; = 7 rad/s, wy = 27 rad/s. ne 0t
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Y1 _ T _ 2 ¢ Q= Periodisk med periodtid Ty = -~ diir w, = T-ws och w=2-w.
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- ) O ﬁ = de)tf‘buewd- n=| CJ\’S..
wo = SDG(w1,wz) = SGD(7r,27) = 7 rad/s = Ty = 2 sek %mvd*);oue@ ocw n=% msar
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c) Vinkelfrekvenser: w; = v/2 rad/s, wa = 2 rad/s. b(2) = Z: Con» 208 (N W5 T +6u)
n =&
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wo 2

> W, =qw, och Wy = Gwo
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d) Vinkelfrekvenser: w; = 3 rad/s, wy = IS rad/s

3-4 21
R € Q = Periodisk med periodtid Tp = —, dér
wa 15 wo

1 1
wo = SGD(w1,w2) = SGD <1-4~3,1~3~5> = % rad/s = Ty = 8% sek
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a) z(t) = 3+ V/3cos(2t) +sin(2t) + sin(3t) — = cos (5t + Z)
N 3
* :cos(3t—%) =1 COS(5t+l_ﬂ—)
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= Re {2ej(2t_%)} = 2cos (2t — %)
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Dvs. = 2 (2 ——) ( ——) - - =
s. x(t) =3+ 2cos (2t 6 + cos ( 3t 5 + 7 cos | 5t 3

Enkelsidigt (“trigonometric”) spektrum:
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(Anm: Ej nodvéndigt att ange spektrumkomponenterna vid w = 1 & 4 rad/s eftersom

de inte finns med i z(t))
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b) A - cos(wot +60) = A-

Dubbelsidigt (“exponential”) spektrum:

N[—

561‘0 . giwot 4 geﬂ'e . e—Jwot

| D]

A

3¢

14

L

T 4

o Py
1 hd 1 1 hd
-5 —4 -3 -2 -1

o 3

———eo
~
o
y
€



A
2r |
3 arg D,
s
rt
T 1
T 6 1 2 3 4 5
! . ! ! * . i i * i
5 4 3 2 -1 | =z l
[§
[ I—
2
| _2r
3
c) Fran spektrum i b) =
1 2 gy T 3¢ jx g2t
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d) Omskrivning av z(t) i ¢) =

ej(Qt_%) —+ e_j(Qt_%) ej(?’t_%) -+ e_j(3t_%)

z(t) =3+2- 5 - 5
1 ej(St_ZT”)—Fe_j(E’t_?Tw)
Ty 2
—3+2003<2t—z>+cos(3t—z)+lcos 51&—2—7r
B 6 2/) 2 3
1
(:3+2cos<2t—%>+sin(3t)—§cos(5t+g)>

1.1.3 a) Figuren =
z(t)=1-¢793 e S P b S LR B RS O P LIS I e
eI (H3) 4 o=i(t+3) ed(2t+5) 4 o=i(204%)
+2.
2 2
2
= —2+44cos (t+ g) + 2cos (Zt—i—g)

=-2+44.

b) C, =2|D,|;n >0, Cy =Dy, 6, =argD, (£D,) =
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(Anm: Cy = —2=2-¢7)

c) Losningen till (grafen i)deluppgift b) =
27 ™
x(t) = =2+ 4cos <t + ?> + 2cos (2t+ g)

d) Trivialt — se z(t) i deluppgift a) och c).

1.2 Fourierserieutveckling

1.2.1 a) Periodtid Ty = 5 sek = Grundvinkelfrekv. wy = %—g =4 rad/s.

y(t) = Co+ > _ Cpcos(nwol +6,) = Y Dy - /™08, diir

n=1 n=-—oo

w/2 w/2
D= / y(t)em it = 2 / et eminttgy = 2 / e~ (IH7Am! gy
To Jr, 7 Jo 7™ Jo

2 { e~ (L+jdn)t ]w/Q B 2 —(14jdn) T 60)
7 [—(14j4n)], —m(1+ j4n)

— idn) = _z i
/e (1+j4n) % —e" 3 .¢ ]n27r:e

Cuoo = 2|1, = 4(1—e%) 1,01
n=0 T I+ (An)2 VIt 1602
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0, = arg D,, = — arctan Tn

1,01
Svar: y(t) ~ 0,504 + >_°° 0 cos(4nt — arctan(4n))

"= V141602
b) Z%)——x/%) = x(t) =y (2) = O304 +f Lo cos (A At ~arctan(44)
y g

1+1b ST eu?
= nt
C) X(f) Uar Samwa ¥ouﬁ efserle )(btﬁ?czem'l‘er C»,Cn.@w Sow /.D
= )([%) har ey gawwe )(ovafe)‘l -Go"“'@"m'el@e@c:en%er Dn ~ se appyi )
Doch ar per oddiden §50 XD ValPhen 56 shr sov perrodbidey Lor yH) => dess gmemLe)%‘eltvc"s ar dudbeld 52 stor ; j Woy= 8 radfs,

d) x(t) = Co + Z C,, cos (nwot + 6,,)

n=1

= x(at) = Cp + Z C, cos (n(awp)t + 60y,)

n=1

= Oy, C,, och 0, ar oforandrade

Om a > 1 = grundvinkelfrekvensen hos signalen z(at) ér en faktor a hogre én
grundvinkenfrekvensen hos z(t) = z(at) &r en tidskomprimerad
version av z(t); komprimerad en faktor a.

Om a < 1 = grundvinkelfrekvensen awg hos x(at) r 1agre dn grundvinkelfrekven-
sen wp hos z(t) = z(at) 4r en tidsexpanderad version av z(t) (ex-
panderad en faktor 1).

2
1.2.2 a) Figuren = periodtid T) = 4 sek = Grundvinkelfrekvens wy = ?ﬂ' = g rad/s. Kalla
0

signalen x4 (t).

1 —jnwot 1 ! —jn%t 1 ° —jnit
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—4gnm H/—’jnl nmw 23
—=e 2

2
:—sin(n~z> n#0
nmw 2

1 . 1 1 1 /3
Dy = — at-JO'wotdtz—/ 1dt —/ —1)dt =0
0 TO/TOx () e\/-/ 4 —1 +4 1( )

=1
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(vilket &ven ses direkt i figuren; Dy = medelvirdet)

Svar:
0; n=20
D,=4 2 | . -
—sin (nf); n#0(= D, =0 for jimna n)
nmw
5 0; n =0 (dven n = 0)
7r .
Dn:—sin(n-—): 2 = 2.0, pn=1,59,...
nmw 2 oo
—===.e¢7 n=3711,...
Dy<o=D*,=D_1=D],D_3= D3, osv:
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T\ - T - T - ‘57r | o | & T =//T‘ > W = nwy
77&)0 75&)0 73(4}0 —Wwo wo 3w0 5(4)0 70.}0
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A
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arg D,
w = Nwy
wo 3wy dwy Twy
. . C . 2r 1
b) Lat zp(t) = signalen, med periodtid Ty = 107 sek = Grundvinkelfrekvens wy = T =%
0
1SS .
rad/s. Dvs. p(t) = > D, -eI™ot dir
n=-—oo
1 —inwot 1 T —inly P
D, =— [ xp(t)e™ /"0t = — 1-e7"5%dt = /n # 0 ty division med n/
TO Ty 107 -
-ing " 4 - ing _ e—in%
= L € = .1 (efjng _ e]ng) — L¥ = L . sin (nZ)
10m | —jnt —jn2m nm 2j nm 5
—T

1 - 1 4 1
Dy = —/ xp(t)e 700tdt = —/ 1dt = =
Ty Jz, 107 5

—T



arg D,
w = nwy
wo 6wy 9wy 16w
. 2T
¢) z.(t) har period Ty = 27 sek = wy = = 1 rad/s
0
r.(t)= > D, -el™ot dir
n=-—oo
D, = i/ z(t)e It dt = L " Ly e IMdt = /n #0/
" TO T ¢ 27'(_ 0 27‘—
1 [teemt]?™ 1 2 e’jntd
== |—| 1= t
42 [ —jn ]0 471'2/0 —jn
j —in2 1 —int]2T ]
= (op.eimm ) - — - in - n+o0
47r2n( e ) 472 (—jn)? S 27’ n#

=e—Jn2m _e0=17—-1=0

1 [ ¢ 1 [ 1
PR PR (o
2 J, 2w 4m2 | 2], 2

(vilket dven ses direkt i figuren)

Svar:
. z n>0
J . 0 27
D, =4 2™’ n7 = argD, =< 0; n=0
27 n=0 x
-, n<0
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> W = nwy

w = nwy

1.2.3 a) z(t) &r periodisk med periodtid Ty = 8 sek = Grundvinkelfrekvensen dr wy = —— =
rad/s

x(t) = Z D,, - ef™wot  dsr

n=—oo

1 —jnwot 1 0 l —jnZt 1 * t —jnZt
D,=— [ z(t)e /"%t = = —+1)e™ ™2t + = —— 41 e "2t

= /n # 0 ty division med n/

1 t e—in%t]? 0 emingt
=—l(=+1 | —at
8[<2+ > —jng]_4 /_4—jng-8-2

1 t e—Jingt 4 4 e—Jngt
by e,
8 2 —jng 1y Jo —ing-8-(-2)
1 eO_|_ejn7r efjngt 0 1 _eO_ej'rmr ejn%t 4
T8 Tin-T | (Zinz)? e Tz T 2
Jn - g (—]nz) 16, Jn - g (—jnz) 16|

60 + ej’l’bﬂ' N —60 _ ejTLﬂ' 0 ejTLﬂ' _ 60 efjn‘n' _ 60 2 (1 _ (_l)n)
_jn . % _jn . % —n2.72 —n2.72 n2m2

n24ﬂ2 ; uddan

{0; jimna n # 0
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Dy = — / x(t) - %dt = /framgar direkt av figuren/ = 0
To Jr,

Svar:

x(t) = Z D,e'"%t dir D,, =

n=-—oo

0; jimna n # 0
#; udda n

b) Vi ser att

Z(t) =x(t —2) = /uppg. a)/ = Z D,/ F (=2 — Z D, -e "% . gin%t

n=—oo n=-—oo
oo
= E D,, -1t dar
n=-—oo
. : 0; jdmna n
—inZ )
D, =Dy, e e = 45
prp g udda n

c) Figur =

Bt)=z2t)=/a)/ = Y Dyp-e/"i% = 3" D, "3 dvs.

n=-—oo n=—oo

j(t) = Z Dn . ejn§t7 dér Dn =D, =

n=-—oo

0; jadmna n
udda n

n2x2»

Anm. grundvinkelfrekvensen for Z(t) dr &g = g rad/s, medan grundvinkelfrekvensen for

x(t) dr wo = % rad/s, dvs. Z(t) = z(2t) = @p = 2 - wy



