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Quiz 2

A strain gauge with a gauge factor of 2 and an
unstrained resistance is used in the following
circuit. Determine the change in output voltage
due to a strain of € = .0001. Assume the
unstrained gauge resistance is 100Q).
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Quiz 2

Solution:

A strain gauge with a gauge factor of 2 and an unstrained resistance
is used in the following circuit. Determine the change in output
voltage due to a strain of € = .0001. Assume the unstrained gauge
resistance is 100Q).

AR/ _ N
@ — ¢ GF ~0.0002

R =100 100
Von = 8Vrus = 4V
- Vour ON T 100+100  R™S RMS

Ree  Rsr =R+AR=R(1.0002)=100.020

v __ 100.02
i} T~ 100+100.02

AVoyr =Vost —Von = (4—4.0004)Vyys = 4004Vgys

8Vrums

8Vinus = 4.0004V5y,s




Review from Last Time

Strain Gauges are one transducer that provides very small changes in
electrical variables in the presence of strain

Load Cells combine strain gauges for measuring force — signals
conditioning is usually included in the load cell
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Total harmonic distortion

From Wikipedia, the free encyclopedia

The total harmonic distortion, or THD, of a signal is a measurement of the harmonic distortion present and is defined as
the ratio of the sum of the powers of all harmonic components to the power of the fundamental.

Explanation

In most cases, the transfer function of a system is linear and time-invariant. When a signal passes through a non-linear
device, additional content is added at the harmonics of the original frequencies. THD is a measurement of the extent of
that distortion.

The measurement is most commonly the ratio of the sum of the powers of all harmonic frequencies above the fundamental
frequency to the power of the fundamental:

> harmonic powers _ B +P+ P+ +F

fundamental frequency power P,

THD =

Other calculations for amplitudes, voltages, currents, and so forth are equivalent. For a voltage signal, for instance, the
ratio of RMS voltages is equivalent to the power ratio:

JVE+ V24 VE4 -+ V2
THD = V- g
V,

In this calculation, V, means the RMS voltage of harmonic n.

Other definitions may be used, A measurement must specify how it was measured. Measurements for calculating the THD
are made at the output of a device under specified conditions. The THD is usually expressed in percent as distortion factor
or in dB as distortion attenuation. A meaningful measurement must include the number of harmonics included (and should
include other information about the test conditions).

THD+N means total harmonic distortion plus noise. This measurement is much more common and more comparable
between devices. This is usually measured by inputting a sine wave, notch filtering it, and measuring the ratio between the
signal with and without the sine wave:

5~ harmonic powers + noise power

THD+N =
total output power

A meaningful measurement must include the bandwidth of measurement. This measurement includes effects from
intermodulation distortion, interference, and so on, instead of just harmonic distortion.

See also

= Audio system measurements

External links

= Explanation of THD measurements (http://www.dogstar.dantimax.dk/tubestuf/thdconv.htm)
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Total harmonic distortion - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Total_harmonic_distortion

= Rane audio’s definition of both THD and THD+N (http://www.rane.com/note145.html)
= Conversion: Distortion attenuation in dB to distortion factor k in %
(http://www.sengpielaudio.com/calculator-thd.htm)

Retrieved from "http://en.wikipedia.org/wiki/Total_harmonic_distortion"

Category: Electronics terms

= This page was last modified 14:35, 27 May 2006.

= All text is available under the terms of the GNU Free Documentation License. (See Copyrights for
details.)
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc.
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THD - Total Harmonic Distortion measurement
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Application note # 8 Sample Champion

NOTE: since Sample Champion Version 3.8, it is
possible to measure SNR, THD, THD+N and IMD in
RTA Window
(more information here).

So, the Audio Quality Plugin is no more
required and supported (but still available)

Measurement of SNR, THD, THD+N and IMD

First of all, select appropriate measurement settings in the
"Settings" window. For example use following ones:

- Sampling Rate: 48000 Hz

- Block: 16

- Mode: Average

- Step: 4

- Custom Signal

- FFT Length 4K

- Weighting Window: Full Blackman-Harris

and connect the audio device under test to the sound card.
In the following examples, the test has been performed using a
"loop-back™ configuration.

@ SNR (Signal to Noise Ratio) measurement

The SNR value is the ratio of the peak power level to the
remainig noise power.

Measurement procedure:
In the Custom Signal Window a single pure tone must be
selected. The following figure shows an example (1 kHz tone).

Frequencies; Actual Frequencies: Level
Sine v I'IEIIJEI Hz - |1IZIIZI'I,E|531 Hz 100 5| ®FS.A

http://www.purebits.com/appnote8.html
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Sine [~ |s000 Hz - | He  [100 3] =Fs.

Sine [ | (13000 Hz - Hz 100 5| EFS.A
Sine [ (20000 Hz - Hz 100 & %F.5.A

Square [
1000 Hz - Hz »| ®FS.
Ramp [
File [ Select 'widh file;
| Browse
Ok |

Figure 1 - Single pure tone selection

Open the Scope Window, press the "Select All" button and pull
down completely the X Zoom slider. Press the "Syncro Start
(REC & PLAY)" button and check the input and output levels. The
wave resulting from the measurement should look like the
following one (note that all data must be selected by means of
the weighting window to achieve an high degree of accuracy):

T IINMI I|| I I\IMIII\NMIN\MH
I

+S0132,10

\WH' W |\ H\|

Figure 2 - Sampled 1 Khz pure tone

Now the Audio Quality plugin can be opened (from the "New
Measurement" Window).

B Audio Quality [_ [}

Cignal Gemaratar ] SHA | THD # THD+M ] WD |':|E| s Harmorics
100

Signal Generator:
OMN/OFF Fraquency Lewel [E]

F Tonel W Hz IT
I Tone2 2000 Hz ||_|_ an

[~ Tane 3 15000 | Hz | [TH

65

[T Tened 20000 | Haz 100
Audio Quality Plugin a8 - .
Dlmad o D mrriedim ¢ mmprae i o2
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TR T A I e TR |

Copreright 2000 by Paolo Guidorzi

Top [100 3] d8  Aange [j40 3] b

Figure 3 - Audio Quality Plugin

The first page of the plugin shows Custom Generator settings
(the frequencies of the signal generator pure tones can be set or
modified only from the main program).

In the Audio Quality plugin, select the SNR page and start a new
measurement cycle.

B Audio Quality s B
Signal Generator SMA | THD / THD+ | IMD | %8 e e
(Tone 1= 1) = 1002 (Hey = 21,0 dB e @

Background Maize = 16,4 <

SMR = 77,55 4 &s

an

40
o 12k 2kHz

Top [100 2] d8  Aange [140 2] dB

Figure 4 - SNR measurement
The space on the right shows the detected pure tone,
represented by a green bar. The space on the left reports the
measured value and the computed SNR. In the registered
version of the plugin, this text can be copied to the Clipboard.

If the Averaging Mode has been selected, at each cycle the SNR
value will decrease until the minimum value is reached.

@ THD (Total Harmonic Distortion) measurement

The THD is defined by the following formula:

JHIVHI+  +HY

WMTHD =
JHE +HI+HI+  +H

=100

where terms 2..N are the power levels of the harmonics and
term 1 is the power level of the fundamental (the pure tone).

The THD+N is defined by the following formula:

JH;? +HI+ 4 HL R

WTHD+n=—t L7 -
JHL HHI Y H] 4+ HE 4n

= 100

7/6/2006 9:59 PM
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where term n is the noise power level.

NOTE: since Sample Champion Version 3.8 and above, it is
possible to select a different computation formula of THD
and THD-+N.

THD and THD+N can now be computed in RTA window
(see here), so there is no need to use the Audio Quality
Plugin.

In RTA window is available the THD Mode option.

[+ THO [+ SMR
[+ THO+N [ D
' o
wanual (g

: " ihole Range |

Enabling the THD Mode option, THD will be computed by
means of the following formula:

JHI+HD+ +HE
JH

and THD+N will be computed by means of the following
formula:

MTHD = %100

,jH;? +H+ . +HL A"
JH

In normal measurements (with low THD and THD+N) the 2
methods will give identical results, since more than 99% of
the measured energy is always contained in the
fundamental harmonic (H1).

LTH 4 n= x 100

In RTA window is implemented also a new method for the
evaluation of the Noise Floor (see here a detailed
explanation).

Measurement procedure:

In the Custom Signal Window a single pure tone must be
selected.

Keep the same selection in Scope Window as in the previous
case. In the Audio Quality plugin, select the THD page and start
a new measurement cycle.

B Audio Quality HE E

m— i P R T T SR . b AR reee ]

http://www.purebits.com/appnote8.html
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40
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Top [100 2] d8  Aange 140 2] dB

Figure 5 - THD measurement

The space on the right shows the detected pure tone,
represented by a green bar and the first 9 harmonics,
represented by red bars. The space on the left reports the
measured values and the computed THD and THD+N. In the
registered version of the plugin, this text can be copied to the
Clipboard.

@ IMD (InterModulation Distortion) measurement

This parameter gives a measure of the distortion caused in the
device under test by two pure tones (cross modulated power).
The following harmonics are considered:

(Tone 1 =1f1)
(Tone 2 = 12)
(f2-f1)

(F1-2%(f2-1))
(F1-(f2-1))
(FL+2*(f2-f1))
(F1+3*(f2-f1))

(2*f1)
(F1+f2)
(2%12)
(3*f1)
(2*F1+f2)
(2*f2-+f1)
(3*12)

The IMD value is computed as the ratio of the sum of the power
levels of the intermodulation harmonics to the sum of the power

level of the two strongest tones.

Measurement procedure:

In the Custom Signal Window two pure tones must be selected.
Keep the same selection in Scope Window as in previous cases.
In the Audio Quality plugin, select the IMD page and start a new
measurement cycle.

50f 7
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B Audiw Quality

Signal Generalor | SHR | THD / THD+H  IMD
Freg fH  “slos (dB rmis) Harmani: @
1ann: B (Tore 1= 11)

190RE E4.D Tons ¥ = 12)

a0 -14.4 F2-§1)

1T B0 (LR

100G 1.n -(r3-1173)

20084 1,6 i e e ]

210 33 (a3 ra-r1])

Bl = DOZA1TY

http://www.purebits.com/appnote8.html

dB rms Hearmorics:

100

40

(=]

12k 24kHz

Top [100 4] d8  Range [140 2] db

Figure 6- IMD measurement (19 and 20 kHz tones)

B Audiw Huality

Signal Generator | SHR | THD # THD -4 IMD
Freq fHey  wislus (dB sy Hamonis @
H00g 24 8 (Tone 1 = 1)

annn 4.8 (Tone 2 =13

nid -145 (2-F11

2004 158 (12542410

2996 ER | (H1-(12-117)

ooz 04 (127 (F2-F17)

2004 -115 [ g B NN

2470 113 [V a k]

Tinnd 2.7 LEEES F3]

12013 160 Z"12)

14465 -18.8 T

L 5.5 2"t1ed2)

IARRE 18 (Z13441)

fR0nn 127 (T

Pl = 000380

dB rms Harmorics

100

-40

(=]

12k 24kHz

Top [100 4] d8  Range 40 2] db

Figure 7- IMD measurement (5 and 6kHz tones)

The space on the right shows the two detected pure tones,
represented by green bars and the considered harmonics,
represented by red bars. The space on the left reports the
measured values and the computed IMD. In the registered
version of the plugin, this text can be copied to the Clipboard.

Common choices of the two fundamental frequencies are:

e SMPTE: 60 Hz and 7 kHz (4:1 ratio)

e DIN: 250 Hz and 8 kHz
e CCIF: 19 kHz and 20 kHz

The Audio Quality plugin shows also the narrow-band version of

the computed spectrum.

Sguared {d5)
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Figure 8- Narrow band spectrum

NOTE: since Sample Champion Version 3.8, it is
possible to measure SNR, THD, THD+N and IMD in
RTA Window
(more information here).

So, the Audio Quality Plugin is no more
required and supported (but still available)

& Back to Application Notes
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