Example 1.1 The length, breadth and thickness of a metal sheet are 2.03 m, 1.22 m and 0.95 cm respectively. Calculate the volume of the sheet correct up to the appropriate significant digits.

Solution
Given
Length          l = 2.03 m
Breadth          b = 1.22 m
Thickness        h = 0.95 cm = 0.95 x 10⁻² m
Volume          V = l x b x h = 2.03 m x 1.22 m x 0.95 x 10⁻² m
              = 2.35277 x 10⁻² m³

As the factor 0.95 cm has minimum number of significant figures equal to two, therefore, volume is recorded up to 2 significant figures, hence, V = 2.4 x 10⁻² m³
………………………………………………………………………………………………………..
Example 1.2 The mass of a metal box measured by a lever balance is 3.25 kg. Two silver coins of masses 10.01 g and 10.02 g measured by a beam balance are added to it. What is now the total mass of the box correct up to the appropriate precision?

Solution
Total mass when silver coins are added to box = 3.25 kg + 0.01001 kg + 0.01002 kg
                                    = 3.27003 kg

Since least precise mass is 3.25 kg, having two decimal places, hence, total mass should be reported to 2 decimal places which is the appropriate precision.

Thus
Total mass = 3.27 kg
……………………………………………………………………………………………………………
Example 1.3 The diameter and length of a metal cylinder measured with the help of Vernier Calipers of least count 0.01 cm are 1.25 cm and 3.35 cm, respectively. Calculate the volume V of the cylinder and uncertainty in it.

Solution
Given
Diameter          d = 1.25 cm with least count 0.01 cm
Length            l = 3.35 cm with least count 0.01 cm
Absolute uncertainty in length         = 0.01 cm
%age uncertainty in length             = (0.01 cm / 3.35 cm) x 100% = 0.3%
Absolute uncertainty in diameter       = 0.01 cm
%age uncertainty in diameter           = (0.01 cm / 1.25 cm) x 100% = 0.8%

As
Volume                                    = πr²l = π (d/2)² l

Total uncertainty in V = 2 (%age uncertainty in diameter) + (%age uncertainty in length)
                      = 2 x 0.8% + 0.3% = 1.9%

Then
V = 3.14 x (1.25 cm)² x 3.35 cm / 4 = 4.1089842 cm³ with 1.9% uncertainty
Thus
V = (4.11 ± 0.08) cm³
where 4.11 cm³ is calculated volume and 0.08 cm³ is the uncertainty in it.
…………………………………………………………………………………………………………..
Example 1.4 Derive a formula for the centripetal force required to keep an object moving along a circle with uniform speed. Assuming that centripetal force depends on mass of the object, radius of the circle and uniform speed.

Solution
As force depends on mass m of the object, radius r of the circle and uniform speed v, we can write:
F a mᵃvᵇrᶜ
F = (constant) mᵃvᵇrᶜ                                 (i)
where the exponents (powers) a, b and c are to be determined. By the principle of homogeneity, the dimensions on both sides of the equation should be the same. Since, constant has no dimension so by ignoring it, we write the above equation in terms of dimensions as,
[F] = [mᵃ][vᵇ][rᶜ]
[MLT⁻²] = [Mᵃ][LᵇT⁻ᵇ][Lᶜ]
[MLT⁻²] = [Mᵃ][Lᵇ⁺ᶜ][T⁻ᵇ]                                 (ii)
[MLT⁻²] = [Mᵃ Lᵇ⁺ᶜ T⁻ᵇ]                                 (iii)

Comparing the powers of dimensions on both sides of the above equation, we have
a = 1
………………………………………………………………………………………………………….
Example 1.5
b + c = 1
-b = -2

Solving the above equations, we have a = 1, b = 2, c = -1
Putting the values of a, b and c in equation (i), we have
F = (constant) m¹v²r⁻¹
or
F = (constant) mv²/r

The numerical value of the constant cannot be determined by dimensional analysis. However, it can be found by experiments. In the above equation, numerical value of the constant happens to be "1", so the equation reduces to:
F = mv²/r
………………………………………………………………………………………………………….


