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Answer suitable values for any missing data. Symbols have their usual meanings.
1. COl: Answer any six. [6 X 5=30]
a. Show that in a rigid body motion, the velocity gradient L € skw.

b. Show that tr(L) = 14

c. Derive the relationship between the area elements in deformed and undeformed
coordinates.
. d. Show that Green’s strain and Almansi strain are true strain measures and small

strain is not.
e. Show that % =D —L"A— AL. A = Almansi strain

f. Perform the polar decomposition (F = RU) for simple shear described below.

]

cos@ sin@

Hint: General expression for a planar rotation tensor Q = [ )
[ P P Q —sinf@ cos#@

i. X, = X1 + sz
ii. Xo = Xz

g. Show that [ [2Wv + (V.v)v]dV = fs(t) [(v.n)v - vz—vn] das

(t)[
2. CO2: Answer any eight. [8 X 5 =40]
a. State and prove the transport theorem 1 (TTI) for a scalar function.
b. State and prove the transport theorem IT (TTII) for a vector function.
c. Show that the incompressibility condition can be written as V.v = 0 in Eulerian
form.
d. Show that traction at any given location depend on the normal to the plane of

actionas t = on.
e. Show that the above expression leads to the equation of motion given by p 5:—': =

V.o + pb.
f. Show that the Eigen values of the Cauchy stress (o), and for that matter any

symmetric tensor, are all real numbers.
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g. Show that the Eigen vectors of the Cauchy stress (), and for that matter any

symmetric tensor, can always be chosen to form an orthonormal base.
Show that the Eigen vectors (principal directions) represent the normals to

planes where the normal component of the traction is extremum.

. o _ o 0
If the stress tensor at a given location in the continuum has the form Sx G ],
yy

then determine the normal to the plane in which the shear component (i.e.,

perpendicular to the normal) component of the traction is maximum.

3. CO3: Answer all the question. [5 % 3=15]

a. What is the difference between the following? Explain with expressions.

i. DE(F)[AF]
ii. DE(D[Vu]

b. Derive the linearized expressions of the following quantities 4,/, U, R, T.
¢. For a homogenous circular bar made of isotropic material under torsion
i u,=0
ii. ug=arz
i, u, =0
Determine a for an applied torque T, satisfying all the boundary conditions.
Also determine the stress components and the traction in the cross-section and
the cylindrical surface. [Hint: gg9 = %aaﬂ, 2er9 = ?-gf—ur—" + -:-a—f;;l, 26,9 =
dup 195]
az ' rag
4. CO4: Answer all the questions. [5 x 3=15]
a. Show that DT(F)[WF] = WT(F). [Hint: Second P-K stress is a direct function
of right Cauchy-Green tensor.]
b, Show that if S$=2% then T=2L [Hint DW(F)AF]:=
DW (E)[DE(F)[AF]]).
¢. From the above result, derive the expression for Cauchy stress for compressible

Neo-Hookean model given below.
W =C(tr(€)=3—=2In))+ D;(J — 1)?
Also determine the expression for the same for infinitesimal strain. [Hint: for

infinitesimal strain 26 ~ B — I and ] - 1]



