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[Class 11 Physics] [Chapter 8: Mechanical Properties of Solids]

8.5.2 Shear
Modulus

Understanding Tangential
Stress, Strain, and the
Modulus of Rigidity.
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,”/ Ready to master shear

mechanics!
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What is Shearing Deformation? TopAl
Ax (Relative Displacement) The Action
F (Tangential Force) |< >| Forces are applied parallel

(tangentially) to the upper and
lower faces of a body.
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The Result

The body's shape changes, but
its volume remains exactly the
same. The top face moves
sideways relative to the
bottom face.
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Defining the Shear Modulus TopAl

Shear Modulus (G)

The ratio of shearing stress to the corresponding shearing strain

within the elastic limit.

® Also known as the Modulus of Rigidity.

Shearing Stress (o) Shearing Strain
F Az
A L
(Force per unit area applied tangentially). (Ratio of relative displacement to the vertical height of the block).

@ Key Concept: The Shear Modulus (G) represents how rigid a material is—meaning how much it
resists changes to its shape. Sl Unit: N m™ or Pascal (Pa).
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The Shear Formula Board Po©
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The Core Ratio (Eq 8.10) The Angle Version (Eq 8.11) The Stress Focus (Eq 8.12)

R — & N0

The fundamental definition: Substituting strain with the Rearranged to solve for
Shearing Stress divided by angular displacement 6. shearing stress directly based
Shearing Strain. on the deformation angle.

“« Memory Cue: All three equations are just different arrangements of the exact same core rule. Know one, and you
know them all!
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The Angular Displacement Idea TopAll

Step 1: By basic right-triangle trigopnometry,

Opposite Az
Adjacent L

tan(6) =

f
Step 2: In solid materials, elastic deformations
are microscopic. The angle 6 is incredibly small.
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T !
: £ ( Angular Step 3: For very small angles, tan(6) ~ 6.
: Displacement)
j . . A
! Therefore, Shearing Strain = % =
I

v . %, Math Note: When using @ in these formulas, the |
angle MUST be measured in radians, not degrees!




Modulus of Rigidity in the Real World A
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Comparing Shear Moduli (G) in 10° N m~2 (GPa) from Table 8.2

Lead (5.6 GPa) - Softest

Glass (23 GPa) &
Aluminum (25 GPa) - Moderate

e | | I I |
SOT 100 120 140 T 160

Wood (10 GPa) Copper (42 GPa) & Iron (70 Steel (84 GPa) Tungsten (150 GPa)
- Low rigidity GPa) - High - Ultimate rigidity

¥ Real-World Context: Tungsten resists shape
| change nearly 30 times better than lead!

4 Observation: G is generally less than Young's

Modulus (Y) for most materials (roughly G = Y/3).



Visualizing the Math: The Lead Slab (Example 8.4) T‘%
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Panel 1: The Setup.

Side L =50cm

Thickness
=10cm

[ Area of narrow face

A =0.5m x 0.

1m = 0.05m? l

~

. Perspective: Even when hit with a massive force of 90,000 Newtons, the solid lead
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N, Force F=9.0x10*N
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Panel 2: The Action.

slab only shifts by a fraction of a single millimeter!
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Panel 3: The Result.

Stress X L
iy — G

A\ | Ax =0.16 mm | £
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Chapter 8.5.2: Rapid Revision

The Core Concept: Shear deals with shape change via tangential force
(volume remains constant).

The Terminology: Shear Modulus is also called the Modulus of Rigidity (G).

The Strain: Measured as the relative displacement ratio (Ax/L) or the small
angular displacement (06).

The Golden Rule: o, = G X 6.

Material Fact: Solids easily resist shear; softer materials like lead have a very
low G, while ultra-rigid tungsten has a massive G.

You have covered everything you need to know about Shear Modulus!
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