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A TYPES OF ERRORS

Exper:imental errors can be generally classified as being of three types: personal,
systematic, and random.

@

instrument, 1 recording ©
g M_ﬂ__/-'-—-/

PERSONAL ERROR

®

Personal error arises from ersonal_bias o carelessness i T\?eadjng an
?%) g_,—-n_.--’-""'“ ——— b M_\_WW@,M

: . & .
_gbseryations, of in mathe gtlcagoalculauons. W@S

Ll

of personal errors (sornetunes called illegitimate errors) include: <

D

In performing 2 series of measurements at observer may become biased
infavor of the first observation. Falsely assuming this observation {0 be
correct, the observer attempts to make other measurements aglee with 1t,
for example, through biased estirnations of fractional scale divisions, and
rejects measurements  that greatly deviate.  This incorrectly gives more
significance to 0One reading than to succeeding ONES. All observations
taken under the same experimental conditions are equally valid and

should be retained for analysis.



12)

3.

—
J:W Reading a value from a scale involves lining up
an object with the marks on the scale. The apparent distance between two
objects, and hence the value of the reading, depends on the position of

the eye. A readmg may appear to be different when viewed with one eye or -

the other, or when the head is moved from side to side (horizontal scale)
or up and down (vertical, scale). This apparent change in position due to a

change in the position of the eye is called parallax. For example, the .

position of the mercury meniscus on a thermometer scale may appear
different if viewed from above or below a line of sight perpendicular to

the scale (Fig. 0.1). Also, when measuring length with a meter stick placed
flat against the object, the thickness of the meter stick holds the scale
about 0.7 c¢cm from the object, and readings may vary considerably due to
parallax (Fig. 0.1). Such errors can be minimized by using a line of sight
perpendicular to the scale and placmg the meter stick edgewise against the
object.

Not observing signifigant figures in calculations (This is discussed below)

P
o
A

Fig 0.1 Examples of personal error in reading a scale due to parallax
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SYSTEMATIC mﬁm& WSy Ny

Systematic errors are errors associated wrth wmﬁ
ipstruments or techmg ues, such as an linproperl ca1 irument or h1as on
QQMMMV@;‘ Conditions. from which systematzc errors can result ©
include: . =

\I}  Animproperly "zeroed" instrument (e.g., a balance or ammeter) .

12\ A thermometer that reads 101 °C when immersed in boiling water at
standard atmospheric pressure. The thermometer is improperly calibrated -
since the reading should be 100 °C .

3\  Personal bias of an observer, who, for example, always takes a low
reading. of a scale division. Thus, a personal error may be a
systematic  error.

E A meter stick that has shrunk due to environmental condﬁcxons would
always read higher. \

-
Avoiding systematic errors {depends on& the skill of the obser‘ver to detect them
and to prevent or correct them.

- RANDOM ERROR REIRENR A

Random errors result from unknown and unpredictable variations in
experimental situations. Random errors are also referred to as accidental errors
and are sometimes b?g/ond the control of the observer. Conditions by which
random errors can pgsulf include:

AN Unpredictable fluctuations in temperature or line voltage.
%2 Mechanical vibrations of the experimental setup.
135 Unbiased estimates of measurement readings by the observer.

Reducing and minimizing the effect of random errors can be made by improving
and refining experimental techniques and repeating the measurement a sufficient
number of times so that the erroneous readings become statistically instgnificant,

=B, ACCURACY AND PRECISION

e
Qf The accuracy of an experiment is a measure of how close the experimental result
SENR

o comes to the true value. That is, it 1S @ measure of t‘le correctness of the result.
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Example 0.1:
Two independent experiments result in the detenmination of the value of n ¢

be 3.140 and 3.143, respectively. The second result is more accurate or mor
correct than the first because the true value of = is 3.142 (to four significar

figures).

The” prevision of an experiment is a2 measure of its reliability, or hov
reproducible the result is, That is, it is a measure of the magnitude of uncertaint
of the result without reference to what the result means. This uncertainty depenc
on the resolution of the measuring instruments used in performing th
experiment.

The resolution of a measuring instrument depends on the number of scale mark
or divisions appearing on the instrument. A meter stick with 1 mm marks (
divisions has a resolution somewhat better than one millimeter as the perse
using the stick can estimate fractions of 1 millimeter.

As a rule, the precision of a measmng instrument is equal to one half of t}
smallest division. The meter stick in. the above example has a precision of !

millimeter, 'T'hnc: a ginole measurement nusine thic mﬁi’er sticlk \.-.rnnlﬂ he rpngﬁ-n

AEAEAKEERJG S BT Lritwiodihd Yenanwrai s ST AL ¥ 1 ¥ oLsea

as x £+ 0.5 mm where x is the measured distance.

Example 0.2:
}  Two independent experiments give two sets of data w1th the expressed resul

is more precise than the second because the Spread m the first measurements
between 2.4 and 2.6 cm, whereas the spread in -the second measurements
between 2.3 and 2.7 om. That is, the measurements of the first experiment aj
\Iess uncertain than those of the second. '

/’/— ‘\\b
The accuracy of an experiment \depends in general c@ systematic errors. Tl
precision of an expenment@epends c@r d,gg;a,gg\pﬂrs.

-and --uncertainties of 2.5 +-0.1-cmand 2.5+ 0.2 cm““respectwe}y T Thefirstresy
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