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Time domain vs S-domain

• LTI(linear time-invariant) Systems
• 선형시불변시스템 –상수들이시간에대해변하지않는선형시스템

• 선형시스템 –어떤변수의시간에대한미분만으로이루어진시스템
• ex) 𝑚 ሷ𝑥 + 𝑐 ሶ𝑥 + 𝑘𝑥 = 𝐹(𝑡), 𝐿 𝑑𝐼

𝑑𝑡
+ 𝑅𝐼 + 1

𝐶 ׬ 𝐼𝑑𝑡 = 𝑉(𝑡)
• 반례) 𝑚 ሷ𝑥 + 𝑐 ሶ𝑥 + 𝑘1𝑥 + 𝑘2𝑥3 = 𝐹 𝑡

• 선형시스템?
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Time domain vs S-domain

• LTI(linear time-invariant) Systems
• 선형시불변시스템 –상수들이시간에대해변하지않는선형시스템

• 선형시스템 –어떤변수의시간에대한미분만으로이루어진시스템
• ex) 𝑚 ሷ𝑥 + 𝑐 ሶ𝑥 + 𝑘𝑥 = 𝐹(𝑡), 𝐿 𝑑𝐼

𝑑𝑡
+ 𝑅𝐼 + 1

𝐶 ׬ 𝐼𝑑𝑡 = 𝑉(𝑡)
• 반례) 𝑚 ሷ𝑥 + 𝑐 ሶ𝑥 + 𝑘1𝑥 + 𝑘2𝑥3 = 𝐹 𝑡

• 선형시스템?
• Superposition!
• Convolution!



Superposition

• 선형시스템의가장중요한특징

𝑔𝑖𝑣𝑒𝑛 𝑚 ሷ𝑥𝑎 + 𝑐 ሶ𝑥𝑎 + 𝑘𝑥𝑎 = 𝐴(𝑡), 𝑚 ሷ𝑥𝑏 + 𝑐 ሶ𝑥𝑏 + 𝑘𝑥𝑏 = 𝐵(𝑡)

𝑚 ሷ𝑥𝑐 + 𝑐 ሶ𝑥𝑐 + 𝑘𝑥𝑐 = 𝐴 𝑡 + 𝐵 𝑡

𝑥𝑐 =?



Superposition

• 선형시스템의가장중요한특징

𝑔𝑖𝑣𝑒𝑛 𝑚 ሷ𝑥𝑎 + 𝑐 ሶ𝑥𝑎 + 𝑘𝑥𝑎 = 𝐴(𝑡), 𝑚 ሷ𝑥𝑏 + 𝑐 ሶ𝑥𝑏 + 𝑘𝑥𝑏 = 𝐵(𝑡)

𝑚 ሷ𝑥𝑐 + 𝑐 ሶ𝑥𝑐 + 𝑘𝑥𝑐 = 𝐴 𝑡 + 𝐵 𝑡

𝒙𝒄 = 𝒙𝒂 + 𝒙𝒃
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+𝜶 : MATLAB Plotting code



Time domain vs S-domain

• Given 𝛿 𝑡  → ℎ 𝑡
•  𝛿 𝑡 − 𝜏  → ℎ 𝑡 − 𝜏

•입력이𝛿 𝑡 + 𝛿(𝑡 − 𝜏)라면?

•입력이 𝑢1𝛿 𝑡 +  𝑢2𝛿(𝑡 − 𝜏)라면?
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Convolution

•입력이 σ𝑘=0
∞ 𝑢 𝑘Δ 𝛿(𝑡 − 𝑘Δ)라면?
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Convolution

•입력이 σ𝑘=0
∞ 𝑢 𝑘Δ 𝛿(𝑡 − 𝑘Δ)라면? 

• Input = 0׬
∞ 𝑢 𝜏 𝛿 𝑡 − 𝜏 𝑑𝜏 → Output = 0׬

∞ 𝑢 𝜏 ℎ 𝑡 − 𝜏 𝑑𝜏

alt
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Superposition

• 어떤 System의모든 input에대한응답은해당 system의 dirac delta function 
𝜹(𝒕)에대한응답만알고있다면그응답과 convolution관계이다.

• 그럼, 매번 𝜹(𝒕)에대한응답을계산해서 convolution을할것인가?

• Laplace!

𝑦 𝑡 = න
0

∞
𝑢 𝜏 ℎ 𝑡 − 𝜏 𝑑𝜏
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Laplace Transform

• Laplace Transform of Dirac Delta function 𝛿 𝑡

• Laplace Transform of unit step function 1(t)

• Laplace Transform of 𝑒𝑎𝑡

𝑋 𝑠 =  න
0−

∞
𝑒−𝑠𝑡𝑥 𝑡 𝑑𝑡
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Laplace Transform의성질

• 선형성
• ℒ 𝑎𝑓 𝑡 + 𝑏𝑔 𝑡 = 𝑎 ℒ 𝑓 𝑡 + 𝑏ℒ 𝑔 𝑡

• t-shifting
• ℒ 𝑓 𝑡 − 𝑎 1 𝑡 − 𝑎 = 𝑒−𝑎𝑠𝐹(𝑠)
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Laplace Transform의성질

• t-scaling
• ℒ 𝑓 𝑎𝑡 = 1

𝑎
𝐹(𝑠

𝑎
)

• s-shifting
• ℒ 𝑒𝑎𝑡𝑓(𝑡) = 𝐹(𝑠 − 𝑎)

• ℒ 𝑒𝑎𝑡 cos 𝜔𝑡

• ℒ 𝑒𝑎𝑡 sin 𝜔𝑡
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Laplace Transform의성질

• Time-domain미분
• ℒ 𝑓′ 𝑡 = 𝑠ℒ 𝑓 − 𝑓(0)
• ℒ 𝑓′′ 𝑡 = 𝑠ℒ 𝑓′ − 𝑓′ 0 = 𝑠2ℒ 𝑓 − 𝑠𝑓 0 − 𝑓′ 0

• Time-domain 적분
• 𝑓 𝑡 𝑝𝑖𝑒𝑐𝑒𝑤𝑖𝑠𝑒연속, |𝑓 𝑡 | < 𝑀𝑒𝑘𝑡인경우

• ℒ 0׬
𝑡 𝑓 𝜏 𝑑𝜏 = 1

𝑠
𝐹(𝑠)
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Laplace Transform의성질

• Time product
• ℒ 𝑡𝑓 𝑡 = − 𝑑

𝑑𝑠
𝐹 𝑠

• ℒ 𝑡 sin 𝜔𝑡

• s-shifting
• ℒ 𝑒𝑎𝑡𝑓(𝑡) = 𝐹(𝑠 − 𝑎)

• ℒ 𝑒𝑎𝑡 cos 𝜔𝑡

• ℒ 𝑒𝑎𝑡 sin 𝜔𝑡
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Laplace Transform의성질

• Convolution
• 𝓛 𝟎׬

𝒕 𝒇 𝝉 𝒈 𝒕 − 𝝉 𝒅𝝉 = 𝑭 𝒔 𝑮 𝒔

• ℒ−1 1
𝑠2 𝑠−𝑎 L sta

L141 s

L t L eat

ft zealte de eatftcéaede at eat_at 1



Solving ODEs by Laplace transform

• System : ሶ𝑦 + 𝑘𝑦 = 𝑢 ← LTI 
• Input 𝑢 = 𝛿(𝑡)
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