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Tutorial – 14 

 

 

A) To meet the power dissipation requirement of the sensor (assuming a constant power supply), we need: 

𝑷𝒔𝒆𝒏𝒔𝒐𝒓 = (
𝑽𝑨

𝟐
)

𝟐

∙
𝟏

𝑹
→ 𝑽𝑨 = √𝟒𝑷𝒔𝒆𝒏𝒔𝒐𝒓𝑹 ≅ 𝟐𝟎 𝒎𝑽 

The transduction factor can be expressed as: 

𝑽𝒐𝒖𝒕 =
𝑽𝑨

𝟒
𝑮 ∙ 𝜺 → 𝑭 =

𝑽𝒐𝒖𝒕

𝜺
=

𝑽𝑨

𝟒
𝑮 ≅ 𝟑. 𝟏

𝒎𝑽

𝝁𝒔𝒕𝒓𝒂𝒊𝒏
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B) We can use a LIA with a sinusoidal modulation at  𝒇𝑴 = 𝒇𝑨 = 𝟏𝟎 𝑲𝑯𝒛, and a low-pass filter with a frequency 

high enough to not affect the signal: 

𝑩𝑾𝑺𝒊𝒈𝒏𝒂𝒍 ≤
𝟏

𝟐𝑻𝑺
≅ 𝟏𝟎𝟎 𝑯𝒛 → 𝒇𝑳𝑷𝑭 = 𝟏 𝑲𝑯𝒛 

The total noise of the system can be written as: 

𝝈𝒗 = √𝟐 [𝑺𝑽 (𝟏 +
𝒇𝒄,𝑽

𝒇𝑨
) + 𝑺𝑰𝑹𝟐 (𝟏 +

𝒇𝒄,𝑰

𝒇𝑨
)]

𝝅

𝟐
𝒇𝑳𝑷𝑭 ≅ 𝟐𝟑𝟎 𝒏𝑽 

Given we are using a sinusoidally modulated power supply, we can increase 𝑽𝑨 of a factor √𝟐, thus: 

𝑽𝒐𝒖𝒕 =
𝑽𝑨

𝟒
𝑮 ∙ 𝜺 → 𝑭 =

𝑽𝒐𝒖𝒕

𝜺
=

𝑽𝑨

𝟒
𝑮 ≅ 𝟖. 𝟕𝟓

𝒎𝑽

𝝁𝒔𝒕𝒓𝒂𝒊𝒏
 

The minimum measurable strain is: 

𝜺𝒎𝒊𝒏 =
𝑽𝒐𝒖𝒕,𝒎𝒊𝒏

𝑭
=

𝝈𝒊

𝑭
≅ 𝟏𝟑. 𝟓 𝝁𝒔𝒕𝒓𝒂𝒊𝒏 

 

C) The rotation at 𝟐𝟓𝟎𝟎 𝑹𝑷𝑴 introduces a vibration at a frequency: 

𝒇𝒓𝒐𝒕 =
𝟐𝟓𝟎𝟎

𝟔𝟎
≅ 𝟒𝟏. 𝟔𝟕 𝑯𝒛 

After the first LIA (the one with 𝒇𝑴 = 𝟏𝟎 𝑲𝑯𝒛) the spectrum is the same as before the modulation, (component 

introduced by the rotation at 𝟒𝟏. 𝟔𝟕 𝑯𝒛) 

Using a second LIA with 𝒇𝒎 = 𝟒𝟏. 𝟔𝟕 𝑯𝒛 and a low-pass frequency 𝒇𝑳𝑷𝑭 = 𝟏 𝑯𝒛 we can extract the information 

on the vibration. 

The total noise id equal to: 

𝝈𝒗 = √𝟐 ∙ 𝟐[𝑺𝑽 + 𝑺𝑰𝑹𝟐]
𝝅

𝟐
𝒇𝑳𝑷𝑭 ≅ 𝟏𝟎. 𝟏 𝒏𝑽 

The minimum measurable strain is: 

𝜺𝒎𝒊𝒏 =
𝑽𝒐𝒖𝒕,𝒎𝒊𝒏

𝑭
=

𝝈𝒊

𝑭
≅ 𝟏. 𝟏 𝝁𝒔𝒕𝒓𝒂𝒊𝒏 

 

D) The first LIA is followed by a LPF with 𝒇𝑳𝑷𝑭 = 𝟏 𝑲𝑯𝒛 we can detect all the harmonics with a frequency below 

𝒇𝑳𝑷𝑭, thus: 

𝑵 =
𝒇𝑳𝑷𝑭

𝒇𝒓𝒐𝒕
≅ 𝟐𝟑. 𝟗𝟗 → 𝑵 = 𝟐𝟑 

Nevertheless, we are sampling the system each 𝟓 𝒎𝒔, limiting the bandwidth of the system to 𝟏𝟎𝟎 𝑯𝒛, we can 

thus collect only the fundamental and the first harmonic: 

𝒇𝒓𝒐𝒕 = 𝟒𝟏. 𝟔𝟕 𝑯𝒛 

𝒇𝒓𝒐𝒕,𝟐 = 𝟖𝟑. 𝟑𝟒 𝑯𝒛 

If we modify the second low-pass filter increasing its frequency to 𝒇𝑳𝑷𝑭 = 𝟏𝟎𝟎 𝑯𝒛, we are able to detect also 

the second harmonic: 

𝒇𝒓𝒐𝒕 = 𝟒𝟏. 𝟔𝟕 𝑯𝒛 → 𝟎 𝑯𝒛 

𝒇𝒓𝒐𝒕,𝟐 = 𝟖𝟑. 𝟑𝟒 𝑯𝒛 → 𝟒𝟏. 𝟔𝟕 𝑯𝒛 

𝒇𝒓𝒐𝒕,𝟑 = 𝟏𝟐𝟓 𝑯𝒛 → 𝟖𝟑. 𝟑𝟒 𝑯𝒛 

Using a series of LIA with increasing reference frequency we can move all the harmonic below the 𝟏 𝑲𝑯𝒛 cut 

frequency to DC, allowing us the detection of all the components, this however increases the noise by a factor 

√𝟐 for each LIA. 

 

 

 


