Measurements  <luladll

1. Aruler (3_bww) is an instrument (48 =) for measuring (u+L8) the length (Jskl).
2. A clock (or watch) (4=Ld)) is an instrument for measuring the time (-8 51)),
3. A speedometer (4c -l dlac) js an instrument for measuring the speed (4c yill).
4. A thermometer (3,0 Ol ) is an instrument for measuring the temperature (3,)_adl 4x ),
5. A balance (or scale) (0'_x) is an instrument for measuring the mass (&),
=0 .//'reo‘; Thermometer SR
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Precision and accuracy

Accuracy (buall 483) js the closeness («_dll) of a measured value (L)) 4e) to the true (daxaal)) or
known value (32aaxll sl 4d 5 yzall dall),

Or: Accuracy is the ability (3_23%) of an instrument to give measurements close to the true value.

Precision (4, _Sill 431)) js the closeness of two or more measurements to each other.
Or: Precision is the ability (3_2) of an instrument to repeatedly (!))_SS) give close measurements.
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Good accuracy (3 hua 48y Poor accuracy (4is hus 432) Poor accuracy
Good precision (3 4y ) S5 483 Good precision (3 4y ) S5 483) Poor precision



No measurement is absolutely (mha) precise or accurate
WBlaa ko gucaa g (383 Gl 325y Y

(uncertainty) ¢uis a3 o (errors) Uadl Jady (uld JS o) Ary 138

Sources (st<ax) or causes (<) of uncertainties in
measurements are:

1. Limitation (4:2933%) in human skills (4 <))

2. Limitation (42333%) in instrument accuracy (J4) bu 43



Examples 4Ll

There is uncertainty associated (&) with every:

A |measurement @
B |law BEE
C |equation las
D |principle e

Main causes of uncertainty in measurements are
limitations (42 s2xw) 1n:

A

instruments’ accuracy and experiment time (43l <)

instruments’ (5 %) accuracy and human ability

experiment time and human ability
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experiment time and laboratory (Je) conditions (4 5_-)




Instrument error gl Uai

Question: How to determine the instrument error?

¢l Slea Uad aaas ol 5

Answer: instrument error is its smallest division.
Oeadl and®i jaal sa Slead) Uaa :4,LY)

Smallest division=1 mMm =0.1cm
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Error=1 mm=0.1cm




Example:
The ruler is divided (%) into centimeters (cm) and millimeters
(mm). Its smallest division is 1 mm. So the ruler error =1 mm

Smallest division




Example:
The speedometer (4=l Jlac) js divided (a~&s) into 10 km/h smallest
divisions. So its error = 10 km/h

Smallest division
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Example:
The mass scale (A ) 3x) is divided (a~&s) into 2 kg smallest divisions.
So its error = 2 kg
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Example:

The thermometer (3_)_adl 4a 53 o)) j) is

divided (a&s) into 1 °C smallest divisions.

So its error =1 °C |
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How to express measurement results?

i) I e i i

Measurement result is expressed as:
(Result * Error) unit

(estimated uncertainty) (&)




Example:
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B -1 = = -

The tiny book is 1.1 0.1 cmor 11 £ 1 mm wide

Result / \ Error (smallest division)

okl dais (pansli Jaaal oa 5) Unal

= its true width (r~<ll U= ) likely lies between 1.2 and 1.0 cm
1.0cm 9 1.2cm O~ é.‘. & CA,JAS\ Y M QUsl) e QS‘



Example:

B -1 = = -

The width (u=_=) of the key (%)) is 1.1+ 0.1 cmor 11+ 1 mm

Result
ol A

N

Error (smallest division)
(ool ol o8 5) Unall

= its true width (r~<ll U= ) likely lies between 1.2 and 1.0 cm

1.0cm 5 1.2cm G & O g sall (e oasall U (o e of




Example:

B L = =

The width (u=_=) of the finger (a2=¥)) is0.7 0.1 cmor7 £1 mm

Result
ol A

N

Error (smallest division)
(ool ol o8 5) Unall

= its true width (m~<ll U= ) likely lies between 0.8 and 0.6 cm

0.6cm 3 0.8cm & & &) g sall (e el ) G2 e O (¢




Example:

v Ao
\ 60 80 4007/
« 40 b 120"

The car speed (3_dl 4c ) is 120 + 10 km/h

Result / \ Error (smallest division)

sl A (ponsi sl oa 5) Unal

= its true speed (Al 4c L)) likely lies between 130 and 110 km/h
110km/h 5 130km/h & &8 O e sall (e Aasaual) b o) ey o) (6




Example:

The car speed (3_dl 4= 1) is 60 + 10 km/h

Result / \ Error (smallest division)

sl A (ponsi sl oa 5) Unal

= its true speed (Al ic L) |ikely lies between 70 and 50 km/h
50km/h 5 70km/h &= a8 O el (e dasaall 3 bl Ay o) (6




Exercise (n &

60 100
40 km/h 120

140

() 160 —

The car speed (3ubsdl Ae 1) (S cvivicieineiesresserenneecnecsnnessnesnes



Exercise (n &

W\ 60 B 1007«
‘\40 tunihy 120 *
~ v
b S -
<20 1407,
— 10 160 —

The car speed (3ubsdl Ae 1) (S cvivicieineiesresserenneecnecsnnessnesnes



Question J).s

Why the allowed highway speed limit lies
between 110 km/h and 129 km/h ?
&5 ol Gashall e 7 gensall Ao ) () S5 13
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Percent uncertainty

Ol ane ) Uaadl 4 il 4l
Percent uncertainty

uncertainty (error)x100
Result

%

Example

The car speed (3_ el 4c ) is 120 + 10 km/h

/ \ Error (smallest division)

Result
o) das (ari sl sa 5) Uadll
de yudl 85l ) Uadll 4, gaall duall 10X100 0
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The percent

Example:

uncertainty 1 the measurement

L=202+04cmis:

0.5%

1%

2%Y
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4%

The Percent Uncertamty (P.U.) =

Error =04cm |

s PU. =

0.4cm

202 cm

Error

Result
result = 20.2 em

x 100 %o

x 100 % =1.9801%=~ 2%



Example:

~The percent wuncertainty 1n a measurement
A=2.03m’is:
0.5%v

1%

2%

4%
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Result = 2.03 m2 (with two decimal places (i s (il Jiay )
—>In this case the error is taken as the smallest number with two decimal places.

— Error = 0.01 m?

Error
Result

x 100 %

The Percent Uncertainty (P.U.) =

2
U — 0.01lm

03m? x 100 %= 0.5%
m




