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Correction of supervised work N° 1 of Mecanics

Dimensional analysis and uncertainty calculation

Exercice 1

e Surface :
We have [l]=L, [t]=T and [m]=M.

[Physical quantities]= M* LY T*
S=Ixl = [S]=L.L=L? = [S]=L* (m?)

e Volume:
V=IxIx] = [S]=L.LL=L® = [V]=L® (M

e Density :

m

p=2 so [pl=T=E=MF=  [pEML® (kgim)

e Frequency:

f=2=If] :%: =71 = [fI=T" (s'or Hertz)

(Period [T] = T ; unitis « s »)

e Linear velocity:

_ ax X _L_ -1 — -1

v=— = [v]—[t]—T—LT = [v] = LT (m./s)
e Angulaire velocity :

—g =Y_v? _ Bl _1_p-1 —71
w—@—dt—R =>[w]—[t]—T—T = [0]=T" (Rd/s)

[angle] = 1i and its unit is the radian (rad).

e Lineair acceleration:

@ I R R — LT-2 2
a=_ = [a]_[dt]_ —=LT = [a] = LT~ (m./s%)

e Angulaire acceleration :
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e Force:

S %
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=772 = [0]=T? (RS

F=mxa = [F]=[m]x[a]=M.L.T? = [F]=MLT? (kg.m.s”® or Newton)

e Work:

W = Fxdxcosa = [W]=[F]x[d] x[cos a]=MLT2.L. 1=ML*T? (kg.m?.s or Joule)

e Energy:

Ec = ().m. v = [E]=[1/2].[m].[V]* = ML?T? (Joule)

Er =m.g.h = [E]=[m]. [g]. []= M.LT? .L= ML?*T?

e Power:

(Joule)

P =W/t = [PI=[WI/[t]=(ML*T?)/T=ML?T (kg.m*s™ or Watt)

e Pressure:

P =F/S = [P] = [F)/[S]=(MLT?)/L>=ML*T? (kg.m™.s or Pascal).

Summary :
Physical Quantities Symbol Formula used Dimension | Unit (SI)
Surface S Ix] L m*
Volume Vv IxIxI L’ m>
Density p m/V ML Kg./m®
Frequency F 1T T! st or hertz
Linear vilocity Vv dx/dt LT m/s*
Angular Vilocity Q do/dt Tt Rd./s'
Linear Acceleration % dv/dt LT m./s°
Angular Acceleration | o do-/dt T? Rd./s®
Force F m.a MLT™ Newton
Work W F.d ML* T Joule
Energy E (o)mv? ML°T? Joule
Power P Wit ML*T? Watt
Pressure 9 F/S MLT™? Pascal
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Exercice 2
We have (P+%)x (V=b)=C

G=A+B or G=A-B then [G]=[A]=[B]
[b]=[v]=L°

[21= PI= 12 = [a] = [PIVP = M.LT? L°= MLT?

[C]=[P+%]><[V—b]

On the other hand : [P + %] =[p] = [%] et [V —b] =[V] = [b]
Et [C]=[P]X[V]=MLT? . L3=ML?T>
Exercice 3
Check the homogeneity of this formula: p = pgh; + h,F
Such as: P a pressure, g an acceleration of gravity, hy and h; are heights and F a force.
[P] = ML™1T 2
[g] = LT?
We have < [hy] = [h,] =L
| [F]=MLT?
[p] = ML™3
This expression is homogenious if: [p] = [pgh,] = [h,F]
[pghi] = ML73.L.LT~? = ML™'T~2 = [P]
et [h,F] = ML?T~2 # ML™T 2
So the equation is heterogeneous (not homogeneous).

Exercice 4

We have: F = —6mnrv

1- [ =?
F
6mrv

F=—-6brturv = n=-—

3



Academic Year: 2023/2024

University of Tlemcen
1* Year LMD-M and Ml

Faculty of Science
Department of Mathematics

[r]lv] [v]=LT™?
[—6r] =
Where
MLT™?
nl =g = ML

2- Wehave v=a (1 —exp (— é))

we’re looking for the dimension of [a] et [b]:
The argument of the exponential is therefore dimensionless:
so [v]=LT'=[a] = [a]=LT*
e (=3)] = 1= [l [15] - ] = 5] -
exp - b bl = bl T
=i~
[l =[t]= T

Exercice 5:

f=K F2 L p° ; This function is therefore homogeneous [f] = [k][F]*[L]?[p]¢

([F] = [m.a] = [m][a] = M. LT™?
[L]—L et [k] =1

with {k [m] 1- ]\1“_3

o [fl=MLT2)*(L)°P ML) =T

— MO]0T-1 = patcjatb=-3cT-2a

atc=0
By identification: {a +b—-3c=0
—2a=-1
a=1/2
= b=—a+30=—§=—2
c=—a=-1/2



University of Tlemcen A Academic Year: 2023/2024

Faculty of Science © iﬁ? 1 Year LMD-M and Ml
Department of Mathematics
1/2 | -2 11
F=KF”L = KVF 7T
VF
So f=kz 7

Exercice 6

The period of a pendulum is written :

T = Kn*RYp? avec [n] = ML™1T1

Suppose the relationship is homogeneous so [T] = [k][n]*[R]” [p]*
]= ML T1
=L et[k]=1

(
|
with 4 m ﬂ — M3

s0 [T] = (ML IT-")*LY(ML™3)? =T

|—|<I

T]

(AX.AY — AX+Y)
=T = ML*T* LY M?*L%

= MOLOTl — Mx+z L—x+y—32 T—%

x+z=0
by identification: {—x+y—3z=0
—x =1

x=-1
= jy=x+3z=2
z=—x=1

= T =Kn 1R?p?!
2
So T =k2X
n

2- The relative uncertainty on T=f(An, AR, Am) ?

. m m 3m 3Km
with p=—=+—= soT =
|74 5nR3 4TTR3 ATCRU

KpR?

T =

(%]
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3mK
= log T = log (4 RM> log3K + log(m) — log(4m) — log(R) — log(w)

dT dm dR du
=>_ _—
T m R 7
T |Am AR Au
oA

m, R, et u are positive quantities, hence:

AT Am AR Au
> —=—+—+—
T m R U
Exercice 7

1- The dimension of k:

(lp] = M.L.T~?
[S] = L2 _ P _ _Ip]
We have { =1 k= o = =g
[v]=L.T!

= [k] = [pl. [v]72.[s]* = [k]=M.L3
2- NA:v= \/gs = 3.097m/s

3- A{= 2% = 0.02 and §= 3% = 0.03

The logarithmic method is used to calculate the relative uncertainty on v :

fP - /L_l _1 _1
v= Ezlogv—log 5 = log P —>logk —>log$

1 1 1
= dlogv = —dlogP ——dlogk——dlogS

dv 1d 1dsS Av 1|Ap Av 1A 1AS
—=-—p—-—=>—=-| 3= T4 AN ~ =0.025
v 2p 2SS v 2 v

Absolute uncertainty on v is given by:

A =12 =px (lA—p +:%) = 0.077m/s

4

hence the condensed writing of v is given by : v=(3.097+0.077)m/s

6



