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What Is measurement?

information
physical

phenomena, stimuli ' ’ how hot? 108 F
how deep is the water? 6’5”

how strong is the wind? 120
m/hr
... and so on

mapping
In this class:
how much is the voltage?

- how much is the current?
- how much is the
frequency? or time

characteristic of
exponential decay



Why measurement?







G=6.673x 10" NI

R : 2
Henry Cavendish with the famous torsion balance experiment that
determined the gravitational constant G and demonstrated

Newton’s inverse-square law of gravitation. Large lead spheres
placed close to small ones caused angular deflections




Rest Frame Moving Frame
—

Two equal arms of 2L (both
interferometer I'==—" arms)
have length L=1m. <

t'=1"for ary v=0,

For velocity of Earth around 5un

v=3x10"m/s

the time difference
t'—1"=3x10""s
andfor T = l{]_m!;

this is 3% of a fringe shift, and
Michelsor's instrument could
detect that. But he didn't [

Ivening Observations




without measurement,
we would not have
sclence

Methodical measurement is the foundation of empiricism



How to do measurement?

physical stimulus

light (EM wave), sound,
heat (thermal mechanical
energy), pressure,
chemicals,...

transducer

(sensor)

convert a form of
physical energy
into another form
that can be
recorded as
information

4

information

A mathematical entity:

number (R, N)
complex rep.
(sometimes)
Boolean value

a set of entities
representing
information of the
stimulus






What the Body
Can Perceive

coars;v
chemical

sensor
Taste



Have we met before? Direct connections between
brain areas responsible for voice, face recognition

Human brain factal recognition
(measurement: mapplng optieal

sensing tnformation Linto N y ¥ b
category: a classifieation) is so 5 ‘g . | ;
effortless compared to 2 h - Ji’__ ! |

compwcatlow algorithm.

£5 5 85
WA




Demo with sound

UNIVERSITYof HOUSTON AppbyHanQ.le ©

ECE generic-PSD analysis of sound
or general data
=
RUN STATUS/CONTROL e m
Warning: This APP uses 2 GLOBAL variables: Udat and interv,
do not use those




Humanold robots empLog state of the art
electronics ano mieroprocessors and even cloud
Lomputing Arjust to mimic some very basic

human capa bilitles

J .— this is what ECE 2100 for

ln the long run



Measuring/sensing tin itself s the
ultbmate objective

The ultimate objeat’u\/e Ls tnformation

More pr@alsetg, Lnformation with
CONSEQUENCE



Move dewo of far simpler
anel commpn
MWMEASUYEMEINES



Yes, You do measurements all the time: taking picture Ls a measurement

H STOP TAKING PICTURES OF YOUR FOOD, JUST EAT IT)

E STOP TAKING PICTURES OF YOUR FOOD, JUST EAT IT

H STOP TAKING PICTURES OF YOUR FOOD, JUST EAT IT)

Here Ls what You mensure
when taking a selfle or a
p’wtw@



Accuracy and precision



Imagine you go to a showroom and step on these scales for sale. All are

precise down to 0.1 Ib. But they give readings differing by 10's Ibs as
abovel What can you say?

At least 3, if not all are wrong. This means they are precise, but
terribly inaccurate. (Well, may be the first one is the correct one?)

Inaccuracy in instruments - especially high precision, are usually caused
by erroneous calibration or some incorrectly adjusted bias.

In empirical science, accuracy is defined as the degree that a
measurement is close to the true value relative to uncertainty.
Similarly in computing, accuracy is determined by the magnitude

of error: the discrepancy between a calculation and the known
correct value (via analytical knowledge).
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ECE 3340— APP 1.0.3.1 Accuracy and precision — lllustration 1

preciiion
(Ll




The most common and simplest type of measurements is
to map a physical entity of interest into a real number (is it
real or rational — we’ll see later on this).

« for example, the voltage is 2.21 Volt, the currentis 10 mA...

]
;O o O

one unit = Tm#A

20

Ysource Yine
B =
g 0o g
5
5 ~0.5 5 2
-1.0
[— B

When measurement is to obtain a number, it is essential to
understand how a number is represented



Mantissa and Exponent

SCIENTIFIC REPRESENTATION OF NUMBERS



mantissa exponent save the hassle of all these zeros

- mass (kg) - mass (kg)

I-\

1.989 Wf&su ’ 1,989000,000000, 00[}000 000000,000000.

5,972000,000000,000000,000000.

0.000000 000000 000000 000000 001672 6219

or----s

3. 109 383 SG‘X 10731 | 0.000000 000000 000000 000000 000000 910938 356

0.000000 000000 000000 000000 000000 000000 57

electron mass and sun mass are 60 orders of magnitude
different. But relatively speaking, which mass do we know

“better” or more Precise?



which tool would
we want to use to
measure this
diamond?

The caliper has higher precision, as it can give us a finer, or
more-digit reading of the size: precision means the abillity to
give high resolution, more significant digit reading.

X We know the electron mass with
] | 9109383 56107 more precision than the Sun mass:
— The number of significant digits
(with respect of measurement
uncertainty) of the mantissa is the
determinant of precision. The
exponent is not relevant.




Example of an APP to record information

UNIVERSITYof HOUSTON AppbyHanQ.le ©

ECE 2100/Generic- Data entry utility

RUN STATUS/CONTROL I [ml

Ho12)3as56789f0N01230456789
3 4
1 210) [ i |

i—|7
=

3.4944 95 3.49451 | 347=20"

data | | mean | std. deviation

Data analysis I




« Fluctuation and uncertainty are fundamental to
nature

 Quantum fluctuation, quantum noise for example, are
intrinsic.

« Many are due to uncontrollable factors that affect the
measurement

« Many are just due to fundamental statistical and
random fluctuation

The lack of statistical fluctuation in a
measurement is a BIG red flag on the data



Seed Flower
Catyledons Color

(A%
it Axial pods,
Round White Flowers alorg

F“x ]
D 0| |
White & ning SiShort % -1ft)

Wrinkled B Flowers top
1 3 4 5 3] 7

Mendelian Paradox, a paradox that remains unsolved to this very day. Thus, on the one hand, Mendel's
reported data are, statistically speaking, too good to be true; on the other, “everything we know about Mendel
suggests that he was unlikely to engage in either deliberate fraud or in unconscious adjustment of his
observations."[53] A number of writers have attempted to resolve this paradox.

One attempted explanation invokes confirmation bias.[54] Fisher accused Mendel's experiments as "'biased
strongly in the direction of agreement with expectation... to give the theory the benefit of doubt"”.[47]

In his 2004, J.W. Porteous concluded that Mendel's observations were indeed
implausible.[55] However, reproduction of the experiments has demonstrated that
there is no real bias towards Mendel's data.[56]

https://en.wikipedia.org/wiki/Gregor_Mendel#The Mendelian_Paradox



Demo of electron Poisson statistics and current shot noise
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Measurement “error” is NOT the same as “wrong”.

Measurement error can be thought of as “deviation from
expectation”.

Greatest scientific discoveries were often made when
deviation is discovered from the expectation of the
prevalent theory (that’s how a new theory is discovered).

Remember this?

Hence, nothing wrong with
deviation as long as your
method, techniques,
instruments and execution
are all correct.




Just do it right. Let the chips fall where
Lt may. The Lea oaling LS greatest andl
most fun when You aiscover
dlscrepancy ana flnol out why!

Youw Learn tar neore with Murphy Law
than when everytiling Ls siwooth
satling



A class-wide project to study statistical deviation

« every one shall choose 10 resistors from your kit, all with
the same error band 5% (gold band)

 for each resistor, measure the deviation:

Actual resistor value R — nommal resistor value R

Example, a nominal 100 Ohm resistor is measured to be
102.5 Ohm, the relative deviation is 0.025 or 2.5%

» file areport
« with 31 students, we’ll have 310 data points

 we will plot a histogram, find the mean, standard
deviation, and determine what distribution best
describes the statistical deviation
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