

  EXAMPLE 5.1
A steel wire 12 mm in diameter is fastened to a log and is then pulled by a tractor. The length of steel wire between the log and the tractor is 11 m. A force of 10,000 N is required to pull the log. Calculate: (a) the stress and strain in the wire, (b) how much does the wire stretch when the log is pulled? (E = 200 × 10⁹ N m⁻²)

  SOLUTION
(a) Tensile stress σ = F / A = 10,000 N / 3.14(6 × 10⁻³ m)² = 88.46 × 10⁸ N m⁻²  
Tensile strain ε = ΔL / L₀, also E = Stress / Strain = 88.46 × 10⁸ N m⁻² / Strain = 200 × 10⁹ N m⁻²  
Strain = 88.46 × 10⁸ N m⁻² / 200 × 10⁹ N m⁻² = 4.4 × 10⁻⁴  
(b) Using the relation; Strain = ΔL / L₀ or ΔL = Strain × L₀ = 4.4 × 10⁻⁴ × 11 m = 4.84 × 10⁻³ m

---

  EXAMPLE 5.2
A wooden cube of sides 10 cm each has been dipped completely in water. Calculate the upthrust of water acting on it.
  SOLUTION
Given:  
Length of side L = 10 cm = 0.1 m  
Volume V = L³ = (0.1 m)³ = 1 × 10⁻³ m³  
Density of water ρ = 1000 kg m⁻³  
Upthrust F = ?  
Using Archimedes's principle  
Upthrust of water = ρgV  
= 1000 kg m⁻³ × 9.8 m s⁻² × 1 × 10⁻³ m³ = 9.8 N  
Thus, upthrust of water acting on the wooden cube is 9.8 N.

---

 EXAMPLE 5.3
An empty meteorological balloon weighs 80 N. It is filled with 10 cubic metres of hydrogen. How much maximum contents the balloon can lift besides its own weight? The density of hydrogen is 0.09 kg m⁻³ and the density of air is 1.3 kg m⁻³.

  SOLUTION
Given:  
Weight of the balloon w = 80 N  
Volume of hydrogen V = 10 m³  
Density of hydrogen ρ₁ = 0.09 kg m⁻³  
Density of air ρ₂ = 1.3 kg m⁻³  
Weight of hydrogen w₁ = ?  
Weight of the contents w₂ = ?  
Upthrust F = Weight of air displaced  
= ρ₂gV  
= 1.3 kg m⁻³ × 9.8 m s⁻² × 10 m³  
= 127.4 N  
Weight of hydrogen w₁ = ρ₁gV  
= 0.09 kg m⁻³ × 10 m³ × 9.8 m s⁻²  
= 8.82 N  
Total weight lifted F = w + w₁ + w₂  
To lift the contents, the total weight of the balloon should not exceed F.  
Thus w + w₁ + w₂ = F  
80 N + 8.82 N + w₂ = 127.4 N  
w₂ = 38.58 N  
Thus, the maximum weight of 38.58 N can be lifted by the balloon in addition to its own weight.

---

  EXAMPLE 5.4
A water hose with an internal diameter of 20 mm at the outlet discharge 30 kg of water in 60 s. Calculate the water speed at the outlet. Assume the density of water is 1000 kg m⁻³ and its flow is steady.

  SOLUTION
Internal diameter of water hose D = 20 mm = 0.02 m  
Radius r = D / 2 = 0.02 m / 2 = 0.01 m  
Mass of water m = 30 kg  
Time taken t = 60 s  
Density of water ρ = 1000 kg m⁻³  
Speed of water v = ?  
Mass flow per second m/t = 30 kg / 60 s  
= 0.5 kg s⁻¹  
Cross-sectional area A = πr²  
= 3.14 × (0.01 m)²  
= 3.14 × 10⁻⁴ m²  
From equation of continuity, the mass of water discharging per second through area A is:  
ρA v = Mass / Second  
v = Mass / Second / ρA  
v = 0.5 kg s⁻¹ / (1000 kg m⁻³ × 3.14 × 10⁻⁴ m²)  
= 1.6 m s⁻¹

---

  EXAMPLE 5.5
A tiny water droplet of radius 0.010 cm descends through air from a high building. Calculate its terminal velocity. Given that η for air = 19 × 10⁻⁶ kg m⁻¹ s⁻¹ and density of water ρ = 1000 kg m⁻³.

  SOLUTION
r = 1.0 × 10⁻³ m, ρ = 1000 kg m⁻³, η = 19 × 10⁻⁶ kg m⁻¹ s⁻¹  
Putting the above values in Eq. (5.29)  
vₜ = 2 × 9.8 m s⁻² × (1.0 × 10⁻³ m)² × 1000 kg m⁻³ / 9 × 19 × 10⁻⁶ kg m⁻¹ s⁻¹  
Terminal velocity = 1.1 m s⁻¹
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