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Class 11 Physics Chapter 9: Mechanical Proper5es of Solids 
Long Answers 
24. Consider a long steel bar under tensile stress due to forces F ac5ng at the edges along 
the length of the bar. Consider a plane making an angle θ with the length. What are the 
tensile and shearing stresses on this plane? 

 
Given: Force F is applied along the horizontal direc2on. 
 
Analysis: 

• Component perpendicular to plane aa' = F sin θ 
• Component parallel to plane aa' = F cos θ 
• Cross-sec2onal area of bar = A 
• Area of plane aa' = A/sin θ 

Tensile stress on plane aa': σ = (F sin θ)/(A/sin θ) = (F sin² θ)/A 
Shear stress on plane aa': τ = (F cos θ)/(A/sin θ) = (F sin 2θ)/(2A) 
a) For maximum tensile stress: θ = 90° b) For maximum shearing stress: θ = 45° 
 
25. a) A steel wire of mass μ per unit length with a circular cross-sec5on has a radius of 0.1 
cm. The wire is of length 10 m when measured lying horizontal, and hangs from a hook on 
the wall. A mass of 25 kg is hung from the free end of the wire. Find the extension in the 
length of the wire. The density of steel is 7860 kg/m³. 
Given: 

• r = 0.1 cm = 10⁻³ m 
• L = 10 m 
• M = 25 kg 
• ρ = 7860 kg/m³ 
• A = π(10⁻³)² = π×10⁻⁶ m² 
• μ = ρA = 7860 × π×10⁻⁶ kg/m 

Solu5on: Consider a small element dx at distance x from the free end. Mass of wire below 
this element = μx Total force at this sec2on = Mg + μgx 
Extension of element dx = (Mg + μgx)dx/(AY) 
Total extension = ∫₀ᴸ (Mg + μgx)dx/(AY) = (1/AY)[Mgx + μgx²/2]₀ᴸ = (1/AY)[MgL + μgL²/2] 
Subs2tu2ng values: Mass of wire = μL = 7860 × π×10⁻⁶ × 10 = 0.25 kg 
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Extension = (25×9.8×10 + 0.25×9.8×10²/2)/(π×10⁻⁶ × 2×10¹¹) ≈ 0.4 cm 
b) Maximum weight calcula5on: For yield strength = 2.5×10⁸ N/m² Maximum stress occurs 
at the top = (M_max g + μgL)/A 2.5×10⁸ = (M_max × 9.8 + 0.25×9.8×10)/(π×10⁻⁶) M_max ≈ 
78.25 kg 
 
26. A steel rod of length 2l, cross-sec5onal area A and mass M is set rota5ng in a 
horizontal plane about an axis passing through the centre. If Y is the Young's modulus for 
steel, find the extension in the length of the rod. 

 
Analysis: Consider an element at distance r from the center with thickness dr. Mass of 
element = dm = (M/2l)dr Centrifugal force = dm·r·ω² = (M/2l)r·ω²·dr 
The tension varies along the rod. At distance r from center: T(r) = ∫ᵣˡ (M/2l)r'ω²dr' = 
(Mω²/2l)∫ᵣˡ r'dr' = (Mω²/4l)(l² - r²) 
Stress at distance r = T(r)/A = (Mω²/4lA)(l² - r²) 
Extension of element dr = [Stress × dr]/Y = (Mω²/4lAY)(l² - r²)dr 
Total extension of half rod = ∫₀ˡ (Mω²/4lAY)(l² - r²)dr = (Mω²/4lAY)[l²r - r³/3]₀ˡ = (Mω²/4lAY)(l³ - 
l³/3) = (Mω²l²)/(6AY) 
Total extension of complete rod = 2 × (Mω²l²)/(6AY) = (Mω²l²)/(3AY) 
 
27. An equilateral triangle ABC is formed by two Cu rods AB and BC, and one Al rod AC. It 
is heated such that the temperature of each rod increases by ΔT. Find the change in the 
angle ABC. 
Analysis: Let each side have original length l. Aqer hea2ng: 

 
• Cu rods: l₁ = l₂ = l(1 + α_Cu·ΔT) 
• Al rod: l₃ = l(1 + α_Al·ΔT) 
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Using cosine rule for triangle ABC: cos θ = (l₁² + l₃² - l₂²)/(2l₃l₁) 
Ini2ally: cos 60° = 1/2 
Aqer hea2ng: cos(60° + dθ) = [l²(1 + α_Cu·ΔT)² + l²(1 + α_Al·ΔT)² - l²(1 + α_Cu·ΔT)²]/[2l²(1 + 
α_Cu·ΔT)(1 + α_Al·ΔT)] 
Simplifying and differen2a2ng: dθ = 2(α₂ - α₁)ΔT/√3 
where α₁ = α_Cu and α₂ = α_Al 
 
28. In nature, the failure of structural members usually results from large torque because 
of twis5ng or bending rather than due to tensile or compressive strains. This process of 
structural breakdown is called buckling, and in cases of tall cylindrical structures like trees, 
the torque is caused by its own weight bending the structure. Thus the ver5cal through 
the centre of gravity does not fall within the base. The elas5c torque caused because of 
this bending about the central axis if the tree is given by Tpir4/4R. Y is the Young’s 
modulus, r is the radius of the trunk, and R is the radius of curvature of the bent surface 
along the height of the trees containing the centre of gravity. Es5mate the cri5cal height of 
the trees for a given radius of the trunk. 

 
Given: Elas2c torque = Tπr⁴/(4R) 
Analysis: For a tree of height h and radius r: 

• Weight = ρ·π·r²·h·g (where ρ is wood density) 
• Bending moment at base ≈ Weight × h/2 
• Radius of curvature R ≈ h²/(8d) where d is deflec2on 

At cri2cal height, bending moment equals elas2c torque: ρ·π·r²·h·g·h/2 = Y·π·r⁴/(4R) 
Subs2tu2ng R and solving: h_cri2cal = [2Y/ρg]^(1/3) × r^(2/3) 
This shows that taller trees need dispropor2onately larger trunk radius to avoid buckling. 
 
29. A stone of mass m is 5ed to an elas5c string of negligible mass and spring constant k. 
The unstretched length is L. The stone is dropped ver5cally from point P. 
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a) Distance y when mass first comes to rest: 
Using energy conserva2on: PE lost = PE gained by spring mgy = ½k(y-L)² 
This gives: ky² - 2(kL + mg)y + kL² = 0 
Using quadra2c formula: y = [kL + mg ± √(mg(mg + 2kL))]/k 
Taking the larger root (first rest posi2on): y = [kL + mg + √(mg(mg + 2kL))]/k 
b) Maximum velocity: 
Maximum velocity occurs when net force = 0 At extension x from natural length: mg = kx 
Therefore: x = mg/k 
Using energy conserva2on from P to this point: mg(L + mg/k) = ½mv² + ½k(mg/k)² v² = 2gL + 
(mg)²/k v = √[2gL + (mg)²/k]^(1/2) 
c) Nature of mo5on ader reaching lowest point: 
Aqer reaching the lowest point, the stone will oscillate in simple harmonic mo2on about the 
equilibrium posi2on z₀ = L + mg/k with angular frequency ω = √(k/m). 
 


