
chapter 3

연속시간푸리에급수

P3.1 (a) 𝑥𝐴𝑀 (𝑡) = 10 cos(2𝜋(1000)𝑡) + 4 cos
(
2𝜋(900)𝑡 + 𝜋

3

)
+ 4 cos

(
2𝜋(1100)𝑡 − 𝜋

3

)
(b)

𝑓 (Hz)

2𝑒 𝑗 𝜋/3

5

2𝑒− 𝑗 𝜋/32𝑒− 𝑗 𝜋/3

5

2𝑒 𝑗 𝜋/3

−3−4−5 3 4 5

P3.2 (a) 𝑦(𝑡) = 𝑎0 [1 +
2𝑎1
𝑎0

cos(2𝜋 𝑓𝑚𝑡)] cos(2𝜋 𝑓𝑐𝑡)︸                                          ︷︷                                          ︸
𝐴𝑀부분

+ 𝑎1
2

cos(2𝜋(2 𝑓𝑚)𝑡) +
𝑎1
2

cos(2𝜋(2 𝑓𝑐)𝑡) + 𝑎0 cos(2𝜋 𝑓𝑚𝑡) + 𝑎1

(b)

𝑓 (Hz)

𝑎1

𝑎0
2

𝑎0
2

𝑎1
4

𝑎1
4

𝑎1
2

𝑎1
2

0 𝑓𝑚 2 𝑓𝑚 𝑓𝑐 − 𝑓𝑚 𝑓𝑐 𝑓𝑐 + 𝑓𝑚 2 𝑓𝑐

AM 부분

P3.4 𝑥(𝑡) = 4 cos(𝜋𝑡 − 𝜋/4) + 2 sin(3𝜋𝑡)

P3.5 (a) 기본주파수 𝑓0 = 10 Hz, 기본주기 𝑇0 = 0.1 sec

(b) 𝑎0 = 1, 𝑎2 =
3
2
𝑒 𝑗 𝜋/4 = 𝑎∗−2, 𝑎4 =

5
2
= 𝑎−4, 𝑎5 = 4𝑒 𝑗 𝜋/3 = 𝑎∗−5

(c) 𝑏0 = 𝑎0 = 1, 𝑏4 = 𝑎2 =
3
2
𝑒 𝑗 𝜋/4 = 𝑏∗−4, 𝑏8 = 𝑎4 =

5
2
= 𝑏−8, 𝑏10 = 𝑎5 = 4𝑒 𝑗 𝜋/3 = 𝑏∗−10

𝑏5 =
1
2
= 𝑏−5

P3.6 (a) 기본주파수 𝑓0 = 50 Hz, 기본주기 𝑇0 = 2 msec

(b) 𝑎1 = 𝑒− 𝑗 𝜋/2 = 𝑎∗−1, 𝑎4 = 5𝑒− 𝑗 𝜋/3 = 𝑎∗−4, 𝑎6 = 2𝑒 𝑗 𝜋/4 = 𝑎∗−6
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(c) 𝑒 𝑗2𝜋 (𝑘 𝑓0)𝑡의직교성을이용

(d) 𝑏2 = 𝑎4 = 𝑏∗−2, 𝑏3 = 𝑎6 = 𝑏∗−3

P3.8 (a) 𝑎0 =
1
2
, 𝑎𝑘 =

1
𝑗 𝑘2𝜋

(
1 − 𝑒− 𝑗𝑘8𝜋/5

)
(b) 𝑎0 =

1
2
, 𝑎𝑘 =

25
4

(
1

𝑗 𝑘2𝜋

)2 [
1 − 𝑒− 𝑗𝑘8𝜋/5

]
P3.9 𝑎𝑘 =

1
1 + 𝑗 𝑘2𝜋

[1 − 𝑒−1]

P3.10

𝑡

𝑥(𝑡)

2 4

1

P3.11 (a) 신호 𝑥(𝑡)의기본주파수는 20 Hz이며,푸리에급수계수는

𝑎0 = 1, 𝑎1 =
1

1 + 𝑗 = 𝑎
∗
−1, 𝑎2 =

1
1 + 𝑗2 = 𝑎∗−2

(b)

𝑓 (Hz)
−50 −40 −30 −20 −10 0 10 20 30 40 50

𝑎−2 = 1
1− 𝑗2

𝑎−1 = 1
1− 𝑗

𝑎0 = 1
𝑎1 = 1

1+ 𝑗
𝑎2 = 1

1+ 𝑗2

(c) 𝑦(𝑡) = 1
2

2∑
𝑘=−2

(
1

1 + 𝑗 𝑘

)
𝑒 𝑗2𝜋 (20𝑘+15)𝑡

︸                                 ︷︷                                 ︸
𝑦1

+ 1
2

2∑
𝑘=−2

(
1

1 + 𝑗 𝑘

)
𝑒 𝑗2𝜋 (20𝑘−15)𝑡

︸                                 ︷︷                                 ︸
𝑦2

𝑓 (Hz)
−60 −50 −40 −30 −20 −10 0 10 20 30 40 50 60

1
2𝑎−2

1
2𝑎−1

1
2𝑎0 1

2𝑎1 1
2𝑎2

1
2𝑎−2

1
2𝑎−1

1
2𝑎0 1

2𝑎1 1
2𝑎2

(d) 기본주파수가 5 Hz. 𝑦(𝑡)의푸리에급수계수 𝑏𝑘는다음과같다.

𝑏1 =
1
2
𝑎1, 𝑏3 =

1
2
𝑎0, 𝑏5 =

1
2
𝑎2, 𝑏7 =

1
2
𝑎1, 𝑏11 =

1
𝑎2

여기서 𝑎−𝑘 = 𝑎∗𝑘이므로 𝑏𝑘 = 𝑏∗𝑘 .
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P3.12 (a) 기본주파수는 𝑓0 =최대공약수(50, 90) = 10 Hz

(b) 𝑎5 = 2 + 3 𝑗 =
√

13𝑒 𝑗 𝜃 = 𝑎∗−5, 𝜃 = arctan
(
3
2

)
≈ 0.983

𝑎9 = 2 𝑗 = 2𝑒 𝑗 𝜋/2 = 𝑎∗−9

(c) 𝑥(𝑡) = 2
√

13 cos(2𝜋(50)𝑡 + 0.983) + 4 cos(2𝜋(90)𝑡 + 𝜋/2)

(d) 𝑏5 = −300𝜋 + 𝑗200𝜋 = 𝑏−5

𝑏9 = ( 𝑗180𝜋)(2 𝑗) = −360𝜋

(e) 𝑐5 = − 𝑗 (2 + 𝑗3) = 3 − 𝑗2 = 𝑐−5

𝑐9 = 𝑒− 𝑗0.9𝜋 (2 𝑗) = 2𝑒− 𝑗0.4𝜋

P3.13 (a)

𝑎0 = 1, 𝑎𝑘 =


− 2
𝑗𝜋𝑘

, 짝수 𝑘

− 2
𝑗𝜋𝑘
− 4
( 𝑗𝜋𝑘)2 , 홀수 𝑘

(b)

𝑏0 = −2 𝑏𝑘 =


4
𝑗 𝑘𝜋

, 짝수 𝑘

0, 홀수 𝑘

P3.14 (a)

𝑎𝑘 =


0, 𝑘 = 0

1
− 𝑗𝜋𝑘 , 𝑘 ≠ 0

(b)

𝑎𝑘 =


0.5, 𝑘 = 0

1
2 𝑗𝜋𝑘

[1 − (−1)𝑘], 𝑘 ≠ 0

P3.17 (a)
𝑃𝑦 =

1
𝑇0

∫ 𝑇0

0
| sin(𝜋𝑡/𝑇0) |2𝑑𝑡 =

1
2

(b) 𝑏𝑘 =
1

𝜋(1 − 2𝑘) +
1

𝜋(1 + 2𝑘) =
2

𝜋(1 − 4𝑘2)
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(c)

𝑥(𝑡)의스펙트럼

𝑓 (Hz)

0.5

0 1
2𝑇0

2
2𝑇0

3
2𝑇0

4
2𝑇0

5
2𝑇0

𝑦(𝑡)의스펙트럼

𝑓 (Hz)

0.637

0.212

0.042

0 1
𝑇0

2
𝑇0

(d) 𝑦(𝑡) 하모닉성분각각의평균전력과누적합은다음과같다.

DC 성분, |𝑏0 |2 = (0.637)2 ≈ 0.406

첫번째하모닉, 2|𝑏1 |2 = 2(0.212)2 ≈ 0.09 =⇒ 0.406 + 0.09 = 0.496

두번째하모닉, 2|𝑏2 |2 = 2(0.042)2 ≈ 0.0035 =⇒ 0.496 + 0.0035 = 0.4985

하모닉스펙트럼평균전력의누적합은두번째성분에서이미전체평균전력 0.5의 99.7 %이다.

P3.18 𝑄 =
∞∑
𝑙=0

(
1

2𝑙 + 1

)4
=
𝜋4

96

P3.19 신호에불연속점이있으므로깁스현상발생한다.
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