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Dimensions( ] ¥ = : : , =
. : Quantity Dimension ||[Unit Symbol Formula
The powers, to which — :

_ [Base units: || | l | |
the fundamental units of lensth I (L] meter I m | |
mass, length and time jmass I L0V cilogram | k= | |
— — |temperature || 9 [&] ||kelv1n || K || |
written as M; l—_and_I |tinle || [T] ||SE:COI1C]. || s || |
are raised, which include Derived
their nature and not their larea , ~ I 2] [square meter [ [ 2 |
Magnitude - - |‘v011111le " || [I.2] ||cubic meter || || m- |

[ﬁ_] = “PL"S bt ﬂ.’\.a-g!l velocity 7 [ T 17 meter per second m s 1
. L3 F - o meter per second o
Density = mass/volume acceleration [L T =1 |squared m s~
= [M/[L3 ] demsity || mrdy |SgEmem per cubic —
= [ MlL_‘STOJ ![ force s [M L T 2] newton ™~ kg m s =2
o }'f‘:?ﬁj S . pressure . [M I~ T—2] ||pascal Pa ™N m 2
P \_ij i Z Lﬂ_s 6 - ‘E U@ stress [M I~ ! 727 ||pascal Pa ™N m 2
- i - - energy | - [M 1.2 T 2] [[ioule J N-m

- o l. -
Dimensionless quantities are those which do _not have dimensions but have a fixed
value.
‘Dimensionless quantities without units: Pure numbers, 11, €, sin 6, cos 6, tan §, ratio etc.
Dimensionless quantities with units: [McLoT |: Angular displacement (radian) ,Joule’s
constant (Jcal™), etc.
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D \\e wAC DWW S Quantity Eimensiorg unit
Area - L2 m?
[- '1 Volume / L} m?
Mass :[HM \ '
' —" 5 _ AL A
requency = = - s!=hertz = Hz
, g F P = T =herz =z g
ew HA - [L -] - - -
g Velocity ;9"_.\:-. = i’ L.T' m s
0 ['4 &~
I} m e . I Acceleration'-‘;%' = %—_2. L.T? 42| m.s?
=5 -
Density = ;d:;‘_ = % M.L? ke . m™
- - - e -
Del(l J e’é a4 g su P Momentum= T(“"[’ M.L.T" |kg.m.s'
x
-;v - - T
Force = “=*4— .z [M.L.T? |kgms?=newton= N
Mx 4o puT ns =
oryn =
'&9‘”’ A l- I [ oLz ] Work, Energy = °f*:T M.L*. T? |kg.m*.s”=joule=]
pus X — MLT % - - - = - =
’ a = A —
cale -
2 Power = U';Af = MurT? M.L*. T? |kg.m*. s?=watt=W
\AV\IL m)(m = m - -z 12 _
f;rfssure = ;::-:-—; '—'__.—-Hft-r M.L'.T? }I;i 00 €= paseal
ress [E

(!- (lum e = DL% L s = [l-’] m/s* = mS-z
—
™ Y vl X v B

»7 PﬂeﬂuﬂYCj = ?;_“ = [:‘r—_l - T—‘
N~ T — T —

Dimenkion analygis

LHS = RPHS Snso <) 5l
Lus £ EHS etV @) e
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vy 2
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FrE ] s

LHS = R HS
Lt~ = LT
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Dimension Analysis *** 31 Joks

Dimensional analysis is the study of the relation between physical quantities based on their units and dimensions.
NP0 2SS 8 Dl S o deualiat, S

Dimensional analysis can be used:
“ed et U Ceno U0 sy
OTO check if a relationship is incorrect. A simple rule applies here we add or subtract quantities only If they have the same

dimensions (we do not add centimeters and hours). This implies that the quantities on each side of an equation must also

be the same. ,}-__? SV et max)
-Dimensional analysis can also be used to specify the dimensions of a physical quantity.
@Dimensional analysis can help phrase a physical relationship which ¥v\e.can see in the following examples. This can be
applied by following steps: aad ol —‘:-’)-‘5 (8L SNV g Moo
a) Covert the proportional formula to an equation setting each variable on the .right-ljand-side (R.H.S) to a_power
of unknown value. PIpP s — a B MNpad i Wi o
b) Analysing the dimensions of both sides oj the equation in terms of base dimensions (into brackets) with respect
to all mathematical operations. - vV, Sees WYIIMS e m—Yt e Aae

c) Substitute all base units for variables ~2«— oyt — CSU\ 0 T
d) Equate the powers on both sides of the equation to each other. : -\
e) Rewrite the equation in the new form. L{"’w"-‘-‘ 2\ gl bl o

TN Nl L v S as!




)¢ anW NS, 50 TS VN oY
Example 11: Check if the following equation is correct using dimensional
analysis:

V=10 + 15 atr2

F

Where v is the speed of an object after a time t, v is the objects initial speed, and the object
undergoes an acceleration a.

Solution:

Let's do a dimensional check to see if this equation is correct, note that the numerical factors, like 2 do

not affect dimensional checks. We write a dimensional equation as follows, remembering that the
dimensions of speed are [ﬂ and the dimensions of acceleration are [TLZ ]

< B+

L
2L |= L
7+
Dimensions of L.H.S.# R.H. S

The dimensions are incorrect on the right-hand side, we have the sum of the quantities whose dimensions
are not the same. We conclude that an error was made in the derivation of the equation.




Ex14 V= 1/a + J—oul'?' V= veloc'ty

(/ [ﬁ Vor Veloccty

Q= accelevekidn

[ﬂ 57 M

JLHS £ RHS s retakon is  noe

Covre ct
2 (L)
£ o
J’ 2 L\ m; mass [M]
9\M\l = mﬂ Vi Velot:i) [’é_’]
=

[M] H"T - [ﬂm aceetemere [£]

2 hihgh 4
4] - (4]

|HS = RHS the efuakdn s (oeteCk
EK\'LCU') t= QﬂFL titvwme \:T‘_S
J donges [T :
3 : acceleraens [é-,;-'z.
[(T] = £
&
T
|1 - [[T77] [77=LT]
AfS = RHS
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Example 12
Check if the following equations are correct using dimensional analysis:

Let us consider the eguation given beloww,

_ P e— F
sz f g W

The dmensions of the LHS and the RHS are calculated

LHS: [Ar] [}f_i'"—lgj]2 — [MI[Z2ET 2] = [MLZT —2]

RHS: [MI[LT—2][L] = [ML=2T—=]

As we can see, the dimensions of the LHS anmnd the RHS are the same.
Hence, the equation is consistent.

i)t =2mVil/g
Here, Dimensions of L.H.S, t=[T!] = [M°L°T!]

Dimensions of the terms on R.H.S
Dimensions of (length) = [L']
Dimensions of g (acc due to gravity) = [L'T7]

27 being constant have no dimensions.

Hence, the dimensions of terms 271!% l/g on R.H.S

— (Ll;f LIT-Z] )1;"2 — [Tl] — [MGLUTI]
Thus, the dimensions of the terms on both sides of the relation are the same
[MGLOTI].Therefore, the relation 1s correct.




Example 13: Using dimensional analysis try to obtain the units of

work?
-

WO(K-'-"- Farce_ X disrance

Solution:

Work equals force by distance: W = Fx W = §:- )(

Force is given by Newton’s Second Law: F = ma

W =Fx=>W =max w: ma A

M%LzMLZT‘Z W:: M oL oL

The unit of work in Sl units: kg m?/s? T 2

Using dimensional analysis:

_ ) - ;
W = _HOL_ :M,,L'ZT
L T
A Y = KJ m’/gz' - }:J szz
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Example 14: To keep an object moving in a circle at constant speed requires a force called the "’céltj;ipé't’al
force “. Use the dimensional analysis to predict the formula of centripetal force F, if you know that F
depends on its mass m, its speed v, and the radius r of its circular path. «s_u, .
. . . . . . ] J..‘:u\j—“'\!-”‘""' oy £ o500
Solution: Using the steps mentioned in previous slide, S alas

\-Covert the proportional formula to an equation setting each variable on the right-hand-side (R.H.S) to a power of unknown
value:

F = m%ypbre

Y- Analyse the dimensions of both sides of the equation in terms of base dimensions (into brackets) with respect to all
mathematical operations:
F=MLT-? ,m=M ,v=LT' ,r=1L

Y -Substitute all base units for variables:
L.HS = MLT 2 = Ma (LT-l)b I,¢ < R.H.S.

= MaLbT-b]c
MLT -2 = Malb+cT-b
4-Equate the powers on both sides of the equation to each other:




4-Equate the powers on both sides of the equation to each other:

Q=T e, (1)
b+c=1...oooeiiviviivee .. (2)
—b=-2>=b=2........(3)
Substituting 3in 2 T
2+c=1
c=-1

5-Rewrite the equation in the new form:

F=mvir1l — F=




A m mass [M]
2o v welociy { |
=

Sy Xadius [J—]

© - ot g s sty ns

F:ma\f\f _’_'—-‘Md;_',‘:

® Fom* v Y€

ENRLE
T2 T*

S pA A0S e G s

@) On U—='SSest 2 & 4N M1 oL (s
2 a b+c -b
KTH LT &: {H LT ]
o
M-M a=1| v
T . T b= 2
2 +C
l\- &2 J\ \= 2 4+ C 1-2 =<
C = -\
@ or— A\ e £° AL iS5t
2 -1
F-m Vv Y

F = o
.




Homework
True or False questions
1. The Sl system has only three base units.
2. The definition of the standard for length is based on the speed of light in vacuum.
3. The new definition of the second is based on the period of the Earth’s rotation.
Multichoice Questions:
4. Which one among the following physics quantities is a derived quantity:
a- The mass of the proton
b- The radius of the Earth
c- The speed of sound
d- The period of oscillation of a simple pendulum
5. Given that the force can be written as F = ma, where m is the mass and a is the
acceleration, the Sl unit for the force is:
a-kgms
b-kg m/s
c- kg m/s?
d- kg m s?
Problems:
6. The distance between two cities is d=525 km. Given that 1mile=1.609 km, convert this
distance into miles.
7. A plant can grow 2.5 inches in 5 days, what is its growth rate in millimetres per hour.
(1in=2.54 cm)
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