1.1

1.1 The force, F, of the wind blowing against a building is given by
F = CppV?*A/2, where V is the wind speed, p the density of the air,
A the cross-sectional area of the building, and Cpis a constant termed
the drag coefficient, Determine the dimensions of the drag coefficient.

F=CoViAra
or

C,=2F/eV*A , where F=MLT* =
Ve lT™!
Thys, A=L*
CD -"-"(ML T?Z)/[(MZ__"’)(L T"")z (Lz)] o MOLD To

Hence , Cy is dimensionless.
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1.2 The Mach number is a dimensionless ratio of the velocity of an object in a fluid to the speed of sound

in the fluid. For an airplane flying at velocity V in air at absolute temperature T, the Mach number Ma is,
V

where k is a dimensionless constant and R is the specific gas constant for air. Show that Ma is

Ma =

dimensionless.

SOLUTION:

7 He e r)a/ve Abe dimenrsion o
fem,oeha;éxrc é)/ &L and &/ S A/ewﬂﬂ:? second
/a o fcf e =ML/7’2. Then

Y& 74 (é) ) /F‘/'/
L) VE

VR <
] - [].




1.3

1.3 Vetify the dimensions, in both the FLT and MLT systems,
of the following quantities which appear in Table 1.1: (a) vol-
ume, (b) acceleration, (¢) mass, (d) moment of inertia (area),
and (e) work.

3
(ﬂ) I/a/ume & L

(b) acceleration = time rale of change oF velocity

ly-

L_T—I_—_'- LT
T =

() mass = M
or with F=mMLT ?

mass 2 EL™! 7“2

(A) moment oF 1nertia (Area) = S€cond tnoment oF Arex

= *)r) 2 LY

(e) work = toree x distance
< EL
or Wwith F=MLT™?
work s M LT F
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1.4

Verify the dimensions, in both the FLT
and MLT systems, of the following quantities which
appear in Table 1.1: (a) angular velocity, (b) en-
ergy, (c) moment of inertia (area), (d) power,
and (e) pressure. ‘

. " |
‘el a”f“/‘?" Ve/o(i:‘y: anguler displacerment g

+ime =

() €nerqy ~ capacity of body to do work
Since work = Force x distante ,
€nergy = FL
or with pFopgpTT%
epersy = //VM_T"Z)fL) = MLAT T2
second memeat of arca
(L*)(1?) = L*
(d) power = Vate of do/ng work = ﬂ = FL 7!

~
= T INTY) S LT

(c) moment of Inerha(area)

If»

. -2
(€) pressure = % = ‘Aﬁz = FL

S (MLTTI(LR) E ML
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15

Verify the dimensions. in both the FLT
system and the MLT system, of the following

quantities whick-appear in Table 1.1: (a) fre-
quency, (b) stress, (¢) strain, (d) torque, and (e)

work.
cycles . -/

a = =

(&) Freguency T 7

_ forme = £ o 17
Since F=MLT ™% |
mLT™* L, -2
Stress = = = ME 4

Change ‘n leng?h 2 Loz [_O /t/imenﬂbn/eis)
L =

c) straim =
/eng 14

= FiL

[ d ) vzorjae = 'Forc:e x distance
= (ML) = MLT 2
= AL

(¢) cgar/{ = 74/'56 % distance
= (MLTL) = pePT
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