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General Introduction “ measurement units and systems”
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exa E 1000000000000000000 10'®
peta P 1 10~
tera T 1000000000000 10 2
giga G 1000000000 10°

mega M 1000000 10°
kilo k 1000 10°

hecto h 100 102
deka da 10 10'
deci d 0.1 10 '
centi c 0.01 10 *
milli m 0.001 10 °
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Example:
When the diameter of a wire is measured using a screw electronic gauge, the

successive readings are found to be 1.10 mm, 1.12 mm, 1.14 mm, 1.08 mm, 1.16mm
and 1.17mm. Calculate the absolute errors and the relative error in the measurement.

§ | -
110+ 112+ 1.14 -1:1,08 + 116+ 1.17 _ 1 198mm

HHHHH — {"
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Difference between ameas, and measured Magnitude of
value errors
1.128-1.10= 0.028 mm 0.028 mm
1.128—-1.12= 0.008 mm 0.008 mm
1.128—-1.14=-0.012 mm 0.012 mm
1.128—-1.08= 0.048 mm 0.048 mm
1.128—-1.16 =-0.032 mm 0.032 mm
1.128—-1.17 =-0.042 mm 0.042 mm
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0.028 + 0.008 + 0.012 + 0.048 + .032 + .042

&ﬂmr-ma — B — [].{]?Sﬁ'i‘.?ﬂ.
: = &{I'H"'“H 0'028 ¢
Relative error, da = 17 1198 — 0.0248
Percentage error = — Admean x 100% = 0'02;81;8100 = +2.48%
f'E'”TE:H”- . :
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Z=A+B cally gaad] -

AxrAAand B AB

Z+tAZ=(AxAA)+ (B x AB)
—A+B+ AA+ AB

AZ = AA+ AB
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Z=A.B =il -2
AxAAand B+ AB
Z+AZ=(A+AA). (Bt AB)
AZ AB  AAB £ BAA £+ AAAB
AZ AB AA AAAB AVA _&A AB

1__2_1__5__A__ AB _
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Z=A/B ] -3

AxrAAand B AB
Lt AZ=(AxAA)/ (B £ AB)

.-i"u..-I:I:.-i"u.




il S| (el Gt i | el | f | e | sl

S = Ar bedd! -4
AT AA

AF A

7 n =




il S| (el Gt i | el | f | e | sl

(oo el Sl ) Bl -4

Al BY
4= R
A2 _ pad AR AT
27 % 100 = P24 x 100 + QAE x 100 + R2E x 100
For example:- The volume V of a cube of side L is given by
V=L3=LLL
AV _ AL | AL | AL B _ 3 AL
V L. ' L ' L ' L




1. A physical quantity p is related to four observations a, b, cand d as
follows p = . The percentage error in the measurements in a, b, c and d
are 2 %, 3 %, 1 % and 4 % respectively. Calculate the percentage error in

p? P="77

2 x 100 = 242 x 100 + 342 x 100 + £ x 100 + 34 x 100

e, % errorin p = 2%(% error in a)+3%(% error in b)+(%
error in c)+ 72 X(% error in d).
=2x2%+3x3%+1%+)2x4%

=16 %




2. Period of oscillations of a simple pendulum is measured in an
experimentto be 2.01 s, 2.03 s, 1.99s, 1.98 s, 2.05 s and 2.04 s.
Calculate (1) Mean time period of the pendulum, (2) Absolute error in each

measurements (3) Average absolute error (4) Relative error and (5)

Percentage error.
Ans:

LletT;=201s, 1,=203s, I3=199s, T4,=198s, I5=

2.05s, Tg=204s

: 201420341941 98420542.04 L
T : 2 01667s




Absolute errors = Difference between T,.5, @nd Magnitude of

measured value errors
AT;=Thean— T1=2.02-2.01= 0.01s 0.01s
ATy= Thean—T2=2.02-2.03= -0.01s 0.01s
AT3=Thean— T3=2.02-1.99= 0.03s 0.03s
AT4= Thean— T4=2.02-1.98= 0.04s 0.04 s
ATs5= Thean— T5=2.02=-2.05= -0.03 s 0.03s
ATg= Thean— Tg=2.02-2.04= -0.02 s 0.02s

AT _ |ATyH AT+ ATy| +[ATy| +AT5[ +HAT|
'I: }mmn G




, - _ 00 : ' :
ie, {&T}mmn 1440 ﬂl+ﬂ.ﬂ,izﬂ.ﬂ4+ﬂ.ﬂ.i+ﬂ‘.ﬂ2 — .02 s

. . AT .
Relative error, 0T = Simen — 22 = (.01

Percentage error = Simen Op = DO2x100 o, 40
ge € Trcan . 100% = S5 ~ 1%




3. Calculate the maximum percentage error in P if p = 7r*4 . Given that r = (0.32 = 0.03)

cm; X=(19x1);L=(72%0.2 )cm; 1 is a constant.

Ans:

Ap A 2 AX AL _ ‘ 0.03 1 0.2 _

Maximum percentage of errorin p = 0.244 x 100 = 24.4 %




4. Two resistances (80 £ 3)Q and (130 £ 4)Q) are connected in series. Calculate the

effective resistance with error limit and percentage error?

Ans:
letR1=800, AR1=30Q R>=1300, AR>=4Q
Effective resistance of this series connection

R=R;+R,=80+130=2100
AR=AR;+AR,=3+4=70

.+ Effective resistances w.ffh error limit = (210 £ ?)D

Percentage error = 825 x 100% = 5 x 100 = 3.33%




5. The time period of oscillation of a simple pendulumis T = Er\/g. The length of the
pendulum is measured with a scale of least count 1 mm is 60 cm. If the time for 20
oscillations is measured with a stop watch of resolution 0.1 s is 50 s, what is the

percentage error in the determination of g7

Ans:
Given T = EW\/% Percentage error in g = 38 x 100% + 2 x 5F x 100%
ie, T? = Jrij
or g = dn? s = & % 100% + 2 x %5 x 100%
GivenAl=1mm=0.1cm — 0.167 + 0.4
| =60cm

= 0.567%

Time for 20 oscillations = 50 s

AT=0.1s
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R] Rx :Rz R3

R, R, 15kQ-32kQ
=2 3 _ — 40 kQ

R
7/ R, 12 kO
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Vth :Vl _Vz :Il R] _Iz Rz

v s L dip R,=E —
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V, = E _
o (R1+R3 R2+R4)
1kQ) 1.6kO)
Vip =6X - =0278V
1kQ+3.5kQ 1.6kO+7.5k
R, = 1kO R, =1.6 kQ

. _RyRy  R,R,
™ R,+R;, R,+R, — A B

1kQx35kQ  1.6kQx7.5
Ly = + 15K 5 096 k0 . " R4=75 kQ

1kQ+35kQ  1.6kQ+7.5kO 3=3.

\ 0278V

g = & =121.4pA

ry +Re  2.096x10° Q +200Q
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(2R 2R+AR 2 2R+AR
2R + AR 2xR
Vm:E}({ i 1 - J
2x(2R+AR) 2x(2R+AR) R R R.R R-R R-(R+AR)
po— 183 . Naft4 N
y _E{ AR J i R,+R; R,+R, R+R R+R+AR
th = & X
2x(2R +AR) R R (R+AR)
Ih = r
2 2R+ AR

AR —
Vin = E(m)
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R, +R; R, +R,
500Q 500 dadal) cliluall — Yl

1000Q 1025

Vi, 10V>{ ]:o.mv

R, Rj N R, R,

R,+R; R, +R,

500€2- SOOQ+ 500€2-525Q
T =

5000+500Q 5000+ 5250

l‘th -

DY ===

=506.1Q

Vth
Iy, +Rg
Lo 012V
“ 5061 Q+125Q

Is

=193.3 uA
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V, —10Vx| —22 0125V Ao ALl el —Ldl
4% 500 Q
r, = R=5000
Yy ===

\Y 0.125V
I =—2 = =200 nA

g +Rg 500 Q+1250
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_R, R,
R, = R, R, R,

Ra
E === A B §R1c Ry _R; Ry
R, R, Ry R,

R, xR; :R2 x Ry,
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R, =05R, i3,
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R, =—-= 22100
05 05
Ry _ Ry
R2 Ra
:L‘__g._*‘!
R, xR, 10Qxl1
R, =2 "7b_ “ . _0.01Q
R, 1000
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R] : Rx
R; R
R, R, =R, R, +R; Ry - R, R, 2 }‘
R,R.+R, R J/ @ ; . h
2 Ry 1 Ry =R R, +R | Ry - W g pead s
‘ : | .
Ry iR)=R, (R, i Ry) . L e
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Ry foslill e Gl oySman 102 | g slars P
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e \ Jro gl daglia
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E 1760 m -
T (les Juose 2R.L  2x100Qx1760
L,= 1 = - . - =880 m
1760 m 3 R, +R, 100 Q +300Q
- cslass Loge




< glitall Ll CAU\JEAWUM v

Z, _ Z,
Zy 2, I; Z; =1, Z,
L, 1L,=7, 7,

7,20, Z,/6,
7./08, Z7,/8,

(21491)(244’94) = (22492 )(23493)

72,2, =7,7,
£0,+/6, =6, + /6, 2, 2,=2,2;4
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Z,=300 €2 £30°
Z,=150Q £0°
Z,=250Q £ —40°

Z, =300 Q2309 /, =150Q £0°

a.c source [\ b

Z,=250Q 240 L,=7
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7.2, =7,7,

, :Zfzzzg _150Qx2500

) ~125Q
Z, 300 Q

/0, =/0, + /05 — /8, =0°+(—40°) —30° =— 70°

:3@91 E_)}c.aﬂ L.Jf Lg'_‘g'l“;dq LJ-"-ﬁqu :d}gqnﬂ iaalaell ulﬂ

£, =125Q/-70°




b L G g 13,30 ipass ] Lelelond o Lgilipinn 2 als
Z, =125Q / —70°=125cos (~70°) Q+ j125sin (~70°)

Z. =42.75Q 175

Ll 1 ze 4}._“ Laslan s M ole 42.75 Q2 Lajlaia Laglis 8 ilgemll Lailell clipdmn o3

AV dian Glus e Gl ¢ X =117.5Q

X =1175 Q:i
' oC
B ]
 ox11750

L,:S’tf‘:! dacd! (a5 60 HZtL'"r.q.;é A5 Woied el Land Oleus ySmen 3,510 33,3 D850

C = ! = 22 .58 uF
2xmx60x117.5 Q)
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Z,=400Q + j0=400QL0°

= joL, = jox15. <
Z,=R, +joL,=200Q+jox1592x10 7 U perl] LaiLel] anao

:gjmt‘z- [0 JEPPE LT
O=2nf=2x1x1000=6283.19rad/sec R,=20002
R=40002
L,=15.92 mH
7 dailedl nlae 2 5l & F=6V A @ B
Z,=200Q+ jx6283.19x15.92x107° =200 Q +j100 Q =1 ki R.=3000
=
Z,=200Q+j100Q=223.6 Q2 £26.6° Cs=0.4 uF
L3 Lailedld
o1 : |
Z,=R, -] =300Q — j 9}
oC, 6283.19x0.4x 107

Z,=300Q-3;400Q2=500Q/-53.13°




Z,Z; 223.6Qx5000
Z 224: =

. =27950
Z, 400 Q

LB, =20, + /0, — 26, =26.6° + (=53.13°) — 0° =— 26.53°

Z, =2795/-2653°=250Q—-j124.8Q

|
Xe=12480=—
®C

1
C=
6283.19x124.8

=1.28 uF

Zp ilggadl dailall ocunl

R,=200Q

R;=400Q2
L,=15.92 mH

E=6V A

D—>
F=1 kHz
R;=300€2
Cy=0.4 uF




Ry (R, — X, )=R, (R; — iXcs)
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Rl R _jRIKEx =R2 Ra- — 13 Rz}:c3

=

Rl R =R."'_. E..g
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C,=100uF& R; =100kQ .R, =50kQ R, =10kO
ol

R,R. 50kQx100kO
e - — 500 kO

RI.
R, 10 kO

R,C;, 10kQx100
c, = Bl WMOI0O0WE o) 7

W 500
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1Xx=10R; R3 G R

X1, =0R, Ry G

LI =R2 R3 E].
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R, =100kQ &R, =5.1kQ . C, =0.01pF R, =470 kO
Afaleall] ;Jj1._'|._1.1l.:1LJjELﬁ:q__l§L_u_n_uﬂn-|
Jal

d.C Ssource

_R,R; 51kQx100kQ

RI
R, 470 kO

=1.085 k02

L.=R,R,C, =51kQx100kQ %001 pF=51H
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