
 

 

Answer on Question #57073 – Math – Calculus  

Question 

Use the time-shift property to calculate the Fourier transform of the double pulse defined by 

𝑓(𝑡) = {
1, 1 ≤ |𝑡| ≤ 2,
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.

  

Solution 

Consider the next functions: 

 𝑓1(𝑡) = {
1, −2 ≤ 𝑡 ≤ −1,
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,

 

 𝑓2(𝑡) = {
1,      1 ≤ 𝑡 ≤ 2,
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,

 

 and 

 𝑔(𝑡) = {
1, −0.5 ≤ 𝑡 ≤ 0.5,

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
 

Obviously,  𝑓1(𝑡) = 𝑔(𝑡 + 1.5); 𝑓2(𝑡) = 𝑔(𝑡 − 1.5).  

The Fourier transform of 𝑔 is 

 �̂�(𝑦) = ∫ 𝑒−2𝜋𝑖𝑡𝑦𝑑𝑡
0.5

−0.5
= {𝑔 𝑖𝑠 𝑒𝑣𝑒𝑛} = 2 ∫ cos(2𝜋𝑡𝑦)𝑑𝑡

0.5

0
=

sin 𝜋𝑦

𝜋𝑦
.  

Since 𝑓(𝑡) = 𝑓1(𝑡) + 𝑓2(𝑡) we have:  

𝑓(𝑦) = 𝑓1̂(𝑦) + 𝑓2̂(𝑦).  

The time-shift property implies: 

𝑓(𝑦) = 𝑒−2𝜋𝑖∙(−1.5)𝑦�̂�(𝑦) + 𝑒−2𝜋𝑖∙1.5𝑦�̂�(𝑦) =
sin 𝜋𝑦

𝜋𝑦
(𝑒3𝜋𝑖𝑦 + 𝑒−3𝜋𝑖𝑦) = 2

sin(𝜋𝑦)∙ cos(3𝜋𝑦)

𝜋𝑦
.  

Answer: 𝑓(𝑦) = 2
sin(𝜋𝑦)∙ cos(3𝜋𝑦)

𝜋𝑦
.  
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