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Practice Problems 

1. Calculate the cutoff frequency for a  circuit with: 

a. R = 1kΩ and C = 3nF 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
=

1

2𝜋(1000)(3𝑥10−9)
= 53𝑘𝐻𝑧 

 

 

b. R = 5kΩ and C = 1.5µF 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
=

1

2𝜋(5000)(1.5𝑥10−6)
= 21.22𝐻𝑧 

 

 

2. What should the resistor value be for the following filters: 

a. fcutoff = 1.5kHz and C = 500 nF 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
− 𝑡ℎ𝑖𝑠 𝑚𝑒𝑎𝑛𝑠 𝑅 =  

1

2𝜋𝑓𝑐𝑢𝑡𝑜𝑓𝑓𝐶
=

1

2𝜋(1500)(500𝑥10−9)
= 212Ω 

 

 

b. fcutoff = 417Hz and C = 56nF 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
− 𝑡ℎ𝑖𝑠 𝑚𝑒𝑎𝑛𝑠 𝑅 =  

1

2𝜋𝑓𝑐𝑢𝑡𝑜𝑓𝑓𝐶
=

1

2𝜋(417)(56𝑥10−9)
= 6.8𝑘Ω 

 

 

 

c. fcutoff = 2kHz and C = 500 µF 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
− 𝑡ℎ𝑖𝑠 𝑚𝑒𝑎𝑛𝑠 𝑅 =  

1

2𝜋𝑓𝑐𝑢𝑡𝑜𝑓𝑓𝐶
=

1

2𝜋(2000)(500𝑥10−6)
= 159𝑚Ω 
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3. Are the circuits below high or low pass filters?  How do you know? 

(a) (b) 

  
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
=

𝟏

𝟏 +
𝑹

𝒋𝟐𝝅𝒇𝑳

 

when f = 0, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 0 - When the frequency is 

low, the signal is not passed. 

when f = ∞, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 1 - When the frequency is 

high, the signal is passed. 

High Pass Filter! 

𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
=

𝑹

𝒋2𝝅𝒇𝑳 + 𝑹
 

when f = 0, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 1 - When the frequency is low, 

the signal is passed. 

when f = ∞, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 0 - When the frequency is high, 

the signal is not passed. 

Low Pass Filter! 

(c) (d) 

  
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
=

𝟏

𝒋2𝝅𝒇𝑪𝑹 + 𝟏
 

when f = 0, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 1 - When the frequency is 

low, the signal is passed. 

when f = ∞, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 0 - When the frequency is 

high, the signal is not passed. 

Low Pass Filter! 

𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
=

𝟏

𝟏 +
𝟏

𝒋𝟐𝝅𝒇𝑹𝑪

 

when f = 0, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 0 - When the frequency is low, 

the signal is not passed. 

when f = ∞, 
𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
 = 1 - When the frequency is high, 

the signal is passed. 

High Pass filter! 
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4. Calculate the cutoff frequency of the following systems. 

(a) A transmission line modeled as an R-L circuit with R=4 Ω and L=5µH. 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
𝑅

2𝜋𝐿
=

4

2𝜋(5𝑥10−6)
= 127𝑘𝐻𝑧 

 

(b) An R-C low pass filter with R=60 Ω and C=5nF 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
=

1

2𝜋(60)(5𝑥10−9)
= 531𝑘𝐻𝑧 

 

(c) A C-R high pass filter with R=100 Ω and C=8µF. 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
=

1

2𝜋(100)(8𝑥10−6)
= 199𝐻𝑧 

 

5. Your communications radio has a lower frequency bound of 800kHz. You know it has a capacitor value 

of 100nF, but what is the resistor value? 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
− 𝑡ℎ𝑖𝑠 𝑚𝑒𝑎𝑛𝑠 𝑅 =  

1

2𝜋𝑓𝑐𝑢𝑡𝑜𝑓𝑓𝐶
=

1

2𝜋(800000)(100𝑥10−9)
= 1.99Ω 

 

6. Design a high pass filter to get rid of a DC bias (0Hz) using a 100- resistor you have available. 

DC bias means f = 0Hz.  This is impossible to attain, so let’s choose our cutoff frequency to be 10Hz.  

Let’s just use a R = 100Ω 

𝑓𝑐𝑢𝑡𝑜𝑓𝑓 =
1

2𝜋𝑅𝐶
− 𝑡ℎ𝑖𝑠 𝑚𝑒𝑎𝑛𝑠 𝐶 =  

1

2𝜋𝑓𝑐𝑢𝑡𝑜𝑓𝑓𝑅
=

1

2𝜋(10)(100)
= 159µ𝐹 
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7. For the circuit below, what is the magnitude of the gain, |
𝑣𝑜

𝑣𝑖𝑛
|, at 60 Hz? 

 

𝒗𝟎(𝒕)

𝒗𝒔(𝒕)
=

𝟏

𝟏 +
𝟏

𝒋𝟐𝝅𝒇𝑹𝑪

=  
𝟏

𝟏 +
𝟏

𝒋𝟐𝝅(𝟔𝟎)(𝟓). 𝟎𝟎𝟏𝟓𝑭

= 𝟎. 𝟖𝟖𝟗 + 𝒋𝟎. 𝟑𝟏𝟒 = 𝟎. 𝟗𝟒𝟑∠𝟏𝟗. 𝟓° 

Because this problem asks for the magnitude, the answer is 0.942.  This means the filter is passing 94.2% 

the signal, so 60 Hz is in the filter’s pass band. 


