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S E C T I O N  A ·  Warm-up

A1 [2]Tensile stress = force / cross-sectional area (σ = F/A), unit pascal (Pa). Tensile strain =
extension / original length (ε = ΔL/L), which has no unit.

A2 [2]σ = F/A = 40/(2.0 × 10−6) = 2.0 × 107 Pa.

A3 [2]ε = ΔL/L = 1.0 × 10−3/2.5 = 4.0 × 10−4.

S E C T I O N  B ·  Standard

B1 [4](a) σ = 60/(1.5 × 10−6) = 4.0 × 107 Pa. (b) ε = 0.80 × 10−3/2.0 = 4.0 × 10−4. (c) E = σ/ε = 1.0 ×
1011 Pa.

B2 [3]ΔL = FL/(AE) = (50 × 3.0)/(1.0 × 10−6 × 2.0 × 1011) = 7.50 × 10−4 m (0.75 mm).

B3 [3]The graph is a straight line from the origin up to the limit of proportionality, then curves;
the elastic limit lies just beyond it. The Young modulus is the gradient of the straight,
initial part (stress ÷ strain).

B4 [3](a) E = ½FΔL = ½ × 60 × 0.80 × 10−3 = 0.024 J. (b) energy density = ½σε = ½ × 4.0 × 107 × 4.0
× 10−4 = 8000 J m−3.

S E C T I O N  C ·  Stretch

C1 [4]A = π(d/2)2 = π × (0.25 × 10−3)2 = 1.96 × 10−7 m2. Maximum force = σbreakA = 4.0 × 108 × 1.96
× 10−7 = 78.5 N.

C2 [4]A = FL/(EΔL) = (100 × 1.5)/(2.0 × 1011 × 0.50 × 10−3) = 1.50 × 10−6 m2. d = √(4A/π) = 1.38 mm.

C3 [3]Clamp a long thin wire, hang increasing known loads and measure the extension with a
marker and ruler (or vernier), plus the original length with a rule and the diameter with
a micrometer (to get area). Plot stress against strain; the gradient of the straight region
gives E.


