
EE 192 Discussion Week 6 

Magnetic Line Sensor 
1. Tuned pickup coil. The track is powered by a 75kHz sinusoidal current. Given a 8.2mH inductor coil, what value of 

capacitor would you use to tune this magnetic sensor? (Hint: the resonant frequency is  𝜔0 = 2𝜋𝑓0 = 1
√𝐿𝐶

) 

𝐶 =
1

(2𝜋𝑓0)2𝐿
= 549𝑝𝐹 

                   
How does changing R affect the quality factor? 
Increasing R increases the quality factor (causes a sharper peak). Intuitively, as R goes to infinity, we have an 
infinitely sharp peak (a perfect LC circuit that only resonates at its resonant frequency). On the other extreme, as 
R goes to zero, we have a zero response at all frequencies (because zero resistance is a short circuit). 

2. AM demodulator. You only care about the amplitude of the sine wave that your coil picks up. A simple circuit 
that accomplishes this is the “envelope detector” circuit shown below. 

 
What does the diode do? What do the resistor and capacitor do? 
The diode performs half-wave rectification (chops off the negative portions of the signal). The RC (with properly 
tuned time constant) smooths out the peaks and valleys into an electrical signal that approximates the 
amplitude of the input signal. 

 



3. Op amp. This is a basic inverting amplifier. What is its gain (Vout/Vin)? 

 

 
𝑉𝑜𝑢𝑡
𝑉𝑖𝑛

=
𝑅𝑓
𝑅𝑖𝑛

 

 

4. Now we combine the inverting amplifier with the simple AM demodulator. Assume the op amp is powered by a 
single-ended 5V supply (no negative supply present).  What is its gain? What is the time constant on the output 
RC filter? 

 
The RC filter is formed by 𝐶 and 𝑅𝑓, so the time constant is 𝑅𝑓𝐶. 

 

Food for Thought 
• The input impedance of the inverting amplifier may throw off your gain calculations. One way to get around this 

is to use a non-inverting amplifier which has very high input impedance. 

 
• Most op amps do not operate well near their supply rails (e.g. close to GND). One way to get around this by 

biasing V+ to 2.5V. 
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