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Ramanasri IAS/IFoS Maths Optional
Vector Analysis PYQ 2025 to 2009

2025
1. For vector fields ®𝑢 and ®𝑣, prove that ∇ × (®𝑢 × ®𝑣) = ®𝑢(∇ · ®𝑣) − ®𝑣(∇ · ®𝑢) + (®𝑣 · ∇) ®𝑢 − (®𝑢 · ∇)®𝑣.

[8 Marks]

2. (i) Find the directional derivative of 𝐹 (𝑥, 𝑦, 𝑧) = 𝑥𝑦2 − 4𝑥2𝑦 + 𝑧2 at (1,−1, 2) in the direction of 6𝑖 + 2 𝑗 + 3𝑘̂ .
Also find its maximum value.
(ii) Verify Stokes’ theorem for ®𝑓 = (𝑥+𝑦)𝑖+𝑦𝑧2 𝑗+𝑦2𝑧𝑘̂ , where 𝑆 is the upper surface of the sphere 𝑥2+𝑦2+𝑧2 = 1
over 𝑧 = 0 and Γ is its boundary in the 𝑥𝑦-plane.

[5+10=15]

3. (i) Determine ®𝑎 such that
𝑑𝑇

𝑑𝑠
= ®𝑎 × 𝑇 ,

𝑑𝑁̂

𝑑𝑠
= ®𝑎 × 𝑁̂ ,

𝑑𝐵̂

𝑑𝑠
= ®𝑎 × 𝐵̂ represents Frenet-Serret formulae.

(ii) A curve in space is represented by ®𝑟 = 𝑒𝑡 cos 𝑡 𝑖 + 𝑒𝑡 sin 𝑡 𝑗 + 𝑒𝑡 𝑘̂ . Find the curvature and principal normal of
this curve at 𝑡 = 0.

[5+10=15]

4. (i) Find the values of 𝛼 and 𝛽 such that the vectors ®𝑓 = (𝛼𝑥 + 𝑦)𝑖 + (𝑦 − 3𝑧) 𝑗 + (𝑥 + 𝛼𝑧) 𝑘̂ and ®𝑔 =
𝑥𝑖 + 𝑦 𝑗

𝑥2 + 𝑦2 + 𝑘̂

are solenoidal.
(ii) Show that the vector ®𝑓 = (2𝑥 − 𝑦𝑧)𝑖 + (2𝑦 − 𝑧𝑥) 𝑗 + (2𝑧 − 𝑥𝑦) 𝑘̂ is irrotational and find a scalar function 𝜙

such that ®𝑓 = grad 𝜙.
[3+7=10]

2024
5. If ®𝐹 is a solenoidal vector, then show that curl curl curl curl ®𝐹 = ∇2∇2 ®𝐹 = ∇4 ®𝐹.

[8 Marks]

6. (i) If ®𝑟 = 𝑥𝑖 + 𝑦 𝑗 + 𝑧𝑘̂ , then find curl
(
®𝑟
|®𝑟 |

)
.

(ii) Find the curvature and torsion of the curve 𝑥 = 𝑎 cos 𝑡, 𝑦 = 𝑎 sin 𝑡, 𝑧 = 𝑏𝑡.
[6+9=15]

7. (i) If 𝜙 satisfies ∇2𝜙 = 0, then show that ∇𝜙 is both solenoidal and irrotational.
(ii) Verify the divergence theorem for the function ®𝐹 = (𝑥2 − 𝑦𝑧)𝑖 + (𝑦2 − 𝑧𝑥) 𝑗 + (𝑧2 − 𝑥𝑦) 𝑘̂ taken over the
parallelepiped 0 ≤ 𝑥 ≤ 𝑎, 0 ≤ 𝑦 ≤ 𝑏, 0 ≤ 𝑧 ≤ 𝑐.

[4+11=15]

8. Verify Green’s theorem for
∮
𝐶

[
(𝑥𝑦 + 𝑦2) 𝑑𝑥 + 𝑥2 𝑑𝑦

]
, where 𝐶 is bounded by the curves 𝑦 = 𝑥 and 𝑦 = 𝑥2.

[10 Marks]

2023
9. If ∇ · ®𝐸 = 0, ∇ · ®𝐻 = 0, ∇ × ®𝐸 = −𝜕 ®𝐻

𝜕𝑡
and ∇ × ®𝐻 =

𝜕 ®𝐸
𝜕𝑡

, then show that ∇2 ®𝐻 =
𝜕2 ®𝐻
𝜕𝑡2

and ∇2 ®𝐸 =
𝜕2 ®𝐸
𝜕𝑡2

.

[8 Marks]
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10. (i) Show that the area bounded by a simple closed curve 𝐶 is given by
1
2

∮
𝐶

(𝑥 𝑑𝑦 − 𝑦 𝑑𝑥). Hence obtain the area

of an ellipse.

(ii) Evaluate
∫
Γ

(𝑒𝑥 𝑑𝑥 + 2𝑦 𝑑𝑦 − 𝑑𝑧) by using Stokes’ theorem, where Γ is the curve 𝑥2 + 𝑦2 = 𝑎2, 𝑧 = ℎ.

[8+7=15]

11. (i) Given that 𝑢 = 𝑥 + 𝑦 + 𝑧, 𝑣 = 𝑥2 + 𝑦2 + 𝑧2 and 𝑤 = 𝑥𝑦 + 𝑦𝑧 + 𝑧𝑥. Show that the vectors grad 𝑢, grad 𝑣 and
grad𝑤 are coplanar.

(ii) For the curve given by ®𝑟 =
(
2𝑡, 𝑡2,

𝑡3

3

)
, find the curvature and torsion at 𝑡 = 1.

[8+7=15]

12. (i) Given that the vectors ®𝑓 and ®𝑔 are irrotational. Show that the vector ®𝑓 × ®𝑔 is solenoidal.
(ii) Show that the vector ®𝑞 = (6𝑥𝑦 + 𝑧3)𝑖 + (3𝑥2 − 𝑧) 𝑗 + (3𝑥𝑧2 − 𝑦) 𝑘̂ is irrotational and find a scalar function 𝜙

such that ®𝑞 = grad 𝜙.
[3+7=10]

2022
13. Determine constants 𝑎, 𝑏, 𝑐 so that the directional derivative of 𝜙(𝑥, 𝑦, 𝑧) = 𝑎𝑥𝑦2 + 𝑏𝑦𝑧 + 𝑐𝑧2𝑥3 at (1, 2,−1) has

a maximum magnitude 88 in a direction parallel to the 𝑧-axis.
[8 Marks]

14. Given that 𝐶 is a curve of the intersection of the cylinder 𝑥2 + 𝑦2 = 4 and the plane 𝑥 + 𝑦 + 𝑧 = 2, and 𝐶 is

described counterclockwise. Verify Stokes’ theorem for the line integral
∫
𝐶

(−𝑦3 𝑑𝑥 + 𝑥3 𝑑𝑦 − 𝑧3 𝑑𝑧).

[15 Marks]

15. Derive vector identity for divergence of cross product of two vector point functions. Given a relation between
linear and angular velocity as ®𝑣 = ®𝜔 × ®𝑟 . If ®𝜔 is constant, then show that (i) curl ®𝑣 = 2 ®𝜔 and (ii) div ®𝑣 = 0.

[10 Marks]

16. If a curve in space is represented by ®𝑟 = ®𝑟 (𝑡), then derive expressions of its torsion and curvature in terms of ®𝑟 , ¤®𝑟
and ¥®𝑟. Find the curvature and torsion of the curve given by ®𝑟 = (𝑎𝑡 − 𝑎 sin 𝑡, 𝑎 − 𝑎 cos 𝑡, 𝑏𝑡).

[15 Marks]

2021
17. If ®𝐹 =

(
𝑦
𝜕𝜙

𝜕𝑧
− 𝑧

𝜕𝜙

𝜕𝑦

)
𝑖 +

(
𝑧
𝜕𝜙

𝜕𝑥
− 𝑥

𝜕𝜙

𝜕𝑧

)
𝑗 +

(
𝑥
𝜕𝜙

𝜕𝑦
− 𝑦

𝜕𝜙

𝜕𝑥

)
𝑘̂ , then prove that ®𝐹 − (®𝑟 × ∇𝜙) = ®𝐹 · ®𝑟 = ®𝐹 · ∇𝜙 = 0.

[8 Marks]

18. Let ®𝑎 and ®𝑏 be any two vector point functions defined on Euclidean space R3. Derive the vector identity for
∇( ®𝑎 · ®𝑏). Verify that identity for grad(grad 𝜙 · grad𝜓), where 𝜙 = 3𝑥2𝑦 and 𝜓 = 𝑥𝑧2 − 2𝑦.

[15 Marks]

19. State Gauss’ Divergence Theorem completely. Verify the theorem for a field vector ®𝑓 = 4𝑥𝑖 − 2𝑦2 𝑗 + 𝑧2 𝑘̂ taken
over the region bounded by the cylinder 𝑥2 + 𝑦2 = 9, 𝑧 = 0, 𝑧 = 4.

[10 Marks]
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1. For vector fields ®𝑢 and ®𝑣, prove that ∇ × (®𝑢 × ®𝑣) = ®𝑢(∇ · ®𝑣) − ®𝑣(∇ · ®𝑢) + (®𝑣 · ∇) ®𝑢 − (®𝑢 · ∇)®𝑣.

[8 Marks]

2. (i) Find the directional derivative of 𝐹 (𝑥, 𝑦, 𝑧) = 𝑥𝑦2 − 4𝑥2𝑦 + 𝑧2 at (1,−1, 2) in the direction of 6𝑖 + 2 𝑗 + 3𝑘̂ .
Also find its maximum value.
(ii) Verify Stokes’ theorem for ®𝑓 = (𝑥+𝑦)𝑖+𝑦𝑧2 𝑗+𝑦2𝑧𝑘̂ , where 𝑆 is the upper surface of the sphere 𝑥2+𝑦2+𝑧2 = 1
over 𝑧 = 0 and Γ is its boundary in the 𝑥𝑦-plane.

[5+10=15]

3. (i) Determine ®𝑎 such that
𝑑𝑇

𝑑𝑠
= ®𝑎 × 𝑇 ,

𝑑𝑁̂

𝑑𝑠
= ®𝑎 × 𝑁̂ ,

𝑑𝐵̂

𝑑𝑠
= ®𝑎 × 𝐵̂ represents Frenet-Serret formulae.

(ii) A curve in space is represented by ®𝑟 = 𝑒𝑡 cos 𝑡 𝑖 + 𝑒𝑡 sin 𝑡 𝑗 + 𝑒𝑡 𝑘̂ . Find the curvature and principal normal of
this curve at 𝑡 = 0.

[5+10=15]

4. (i) Find the values of 𝛼 and 𝛽 such that the vectors ®𝑓 = (𝛼𝑥 + 𝑦)𝑖 + (𝑦 − 3𝑧) 𝑗 + (𝑥 + 𝛼𝑧) 𝑘̂ and ®𝑔 =
𝑥𝑖 + 𝑦 𝑗

𝑥2 + 𝑦2 + 𝑘̂

are solenoidal.
(ii) Show that the vector ®𝑓 = (2𝑥 − 𝑦𝑧)𝑖 + (2𝑦 − 𝑧𝑥) 𝑗 + (2𝑧 − 𝑥𝑦) 𝑘̂ is irrotational and find a scalar function 𝜙

such that ®𝑓 = grad 𝜙.
[3+7=10]

2024
5. If ®𝐹 is a solenoidal vector, then show that curl curl curl curl ®𝐹 = ∇2∇2 ®𝐹 = ∇4 ®𝐹.

[8 Marks]

6. (i) If ®𝑟 = 𝑥𝑖 + 𝑦 𝑗 + 𝑧𝑘̂ , then find curl
(
®𝑟
|®𝑟 |

)
.

(ii) Find the curvature and torsion of the curve 𝑥 = 𝑎 cos 𝑡, 𝑦 = 𝑎 sin 𝑡, 𝑧 = 𝑏𝑡.
[6+9=15]

7. (i) If 𝜙 satisfies ∇2𝜙 = 0, then show that ∇𝜙 is both solenoidal and irrotational.
(ii) Verify the divergence theorem for the function ®𝐹 = (𝑥2 − 𝑦𝑧)𝑖 + (𝑦2 − 𝑧𝑥) 𝑗 + (𝑧2 − 𝑥𝑦) 𝑘̂ taken over the
parallelepiped 0 ≤ 𝑥 ≤ 𝑎, 0 ≤ 𝑦 ≤ 𝑏, 0 ≤ 𝑧 ≤ 𝑐.

[4+11=15]

8. Verify Green’s theorem for
∮
𝐶

[
(𝑥𝑦 + 𝑦2) 𝑑𝑥 + 𝑥2 𝑑𝑦

]
, where 𝐶 is bounded by the curves 𝑦 = 𝑥 and 𝑦 = 𝑥2.

[10 Marks]

2023
9. If ∇ · ®𝐸 = 0, ∇ · ®𝐻 = 0, ∇ × ®𝐸 = −𝜕 ®𝐻

𝜕𝑡
and ∇ × ®𝐻 =

𝜕 ®𝐸
𝜕𝑡

, then show that ∇2 ®𝐻 =
𝜕2 ®𝐻
𝜕𝑡2

and ∇2 ®𝐸 =
𝜕2 ®𝐸
𝜕𝑡2

.

[8 Marks]
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10. (i) Show that the area bounded by a simple closed curve 𝐶 is given by
1
2

∮
𝐶

(𝑥 𝑑𝑦 − 𝑦 𝑑𝑥). Hence obtain the area

of an ellipse.

(ii) Evaluate
∫
Γ

(𝑒𝑥 𝑑𝑥 + 2𝑦 𝑑𝑦 − 𝑑𝑧) by using Stokes’ theorem, where Γ is the curve 𝑥2 + 𝑦2 = 𝑎2, 𝑧 = ℎ.

[8+7=15]

11. (i) Given that 𝑢 = 𝑥 + 𝑦 + 𝑧, 𝑣 = 𝑥2 + 𝑦2 + 𝑧2 and 𝑤 = 𝑥𝑦 + 𝑦𝑧 + 𝑧𝑥. Show that the vectors grad 𝑢, grad 𝑣 and
grad𝑤 are coplanar.

(ii) For the curve given by ®𝑟 =
(
2𝑡, 𝑡2,

𝑡3

3

)
, find the curvature and torsion at 𝑡 = 1.

[8+7=15]

12. (i) Given that the vectors ®𝑓 and ®𝑔 are irrotational. Show that the vector ®𝑓 × ®𝑔 is solenoidal.
(ii) Show that the vector ®𝑞 = (6𝑥𝑦 + 𝑧3)𝑖 + (3𝑥2 − 𝑧) 𝑗 + (3𝑥𝑧2 − 𝑦) 𝑘̂ is irrotational and find a scalar function 𝜙

such that ®𝑞 = grad 𝜙.
[3+7=10]

2022
13. Determine constants 𝑎, 𝑏, 𝑐 so that the directional derivative of 𝜙(𝑥, 𝑦, 𝑧) = 𝑎𝑥𝑦2 + 𝑏𝑦𝑧 + 𝑐𝑧2𝑥3 at (1, 2,−1) has

a maximum magnitude 88 in a direction parallel to the 𝑧-axis.
[8 Marks]

14. Given that 𝐶 is a curve of the intersection of the cylinder 𝑥2 + 𝑦2 = 4 and the plane 𝑥 + 𝑦 + 𝑧 = 2, and 𝐶 is

described counterclockwise. Verify Stokes’ theorem for the line integral
∫
𝐶

(−𝑦3 𝑑𝑥 + 𝑥3 𝑑𝑦 − 𝑧3 𝑑𝑧).

[15 Marks]

15. Derive vector identity for divergence of cross product of two vector point functions. Given a relation between
linear and angular velocity as ®𝑣 = ®𝜔 × ®𝑟 . If ®𝜔 is constant, then show that (i) curl ®𝑣 = 2 ®𝜔 and (ii) div ®𝑣 = 0.

[10 Marks]

16. If a curve in space is represented by ®𝑟 = ®𝑟 (𝑡), then derive expressions of its torsion and curvature in terms of ®𝑟 , ¤®𝑟
and ¥®𝑟. Find the curvature and torsion of the curve given by ®𝑟 = (𝑎𝑡 − 𝑎 sin 𝑡, 𝑎 − 𝑎 cos 𝑡, 𝑏𝑡).

[15 Marks]

2021
17. If ®𝐹 =

(
𝑦
𝜕𝜙

𝜕𝑧
− 𝑧

𝜕𝜙

𝜕𝑦

)
𝑖 +

(
𝑧
𝜕𝜙

𝜕𝑥
− 𝑥

𝜕𝜙

𝜕𝑧

)
𝑗 +

(
𝑥
𝜕𝜙

𝜕𝑦
− 𝑦

𝜕𝜙

𝜕𝑥

)
𝑘̂ , then prove that ®𝐹 − (®𝑟 × ∇𝜙) = ®𝐹 · ®𝑟 = ®𝐹 · ∇𝜙 = 0.

[8 Marks]

18. Let ®𝑎 and ®𝑏 be any two vector point functions defined on Euclidean space R3. Derive the vector identity for
∇( ®𝑎 · ®𝑏). Verify that identity for grad(grad 𝜙 · grad𝜓), where 𝜙 = 3𝑥2𝑦 and 𝜓 = 𝑥𝑧2 − 2𝑦.

[15 Marks]

19. State Gauss’ Divergence Theorem completely. Verify the theorem for a field vector ®𝑓 = 4𝑥𝑖 − 2𝑦2 𝑗 + 𝑧2 𝑘̂ taken
over the region bounded by the cylinder 𝑥2 + 𝑦2 = 9, 𝑧 = 0, 𝑧 = 4.

[10 Marks]
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20. (i) Prove that principal normals at consecutive points on a curve in space do not intersect unless its torsion is zero.
(ii) Prove that the principal normal of a curve in space will be the binormal of another curve if the curvature of the
given curve is proportional to 𝜅2 + 𝜏2.

[7+8=15]

2020
21. Prove that for a vector ®𝑎, ∇( ®𝑎 · ®𝑟) = ®𝑎, where ®𝑟 = 𝑥𝑖 + 𝑦 𝑗 + 𝑧𝑘̂ and 𝑟 = |®𝑟 |. Is there any restriction on ®𝑎? Further,

show that ®𝑎 · ∇
(
®𝑏 · ®𝑟
𝑟3

)
=

3( ®𝑎 · ®𝑟) (®𝑏 · ®𝑟)
𝑟5 − ®𝑎 · ®𝑏

𝑟3 . Give an example to verify the above.

[8 Marks]

22. A tangent is drawn to a given curve at some point of contact. 𝐵 is a point on the tangent at a distance 5 units from the

point of contact. Show that the curvature of the locus of the point 𝐵 is

[
25𝜅2𝜏2(1 + 25𝜅2) +

(
𝜅 + 5

𝑑𝜅

𝑑𝑠
+ 25𝜅3

)2
]1/2

(1 + 25𝜅2)3/2 .

Find the curvature and torsion of the curve ®𝑟 = 𝑡𝑖 + 𝑡2 𝑗 + 𝑡3 𝑘̂ .
[15 Marks]

23. Given a portion of a circular disc of radius 7 units and of height 1.5 units such that 𝑥, 𝑦, 𝑧 ≥ 0. Verify Gauss
Divergence Theorem for the vector field ®𝑓 = (𝑧, 𝑥, 3𝑦2𝑧) over the surface of the above-mentioned circular disc.

[15 Marks]

24. Derive expression of ∇ 𝑓 in terms of spherical coordinates. Prove that ∇2( 𝑓 𝑔) = 𝑓∇2𝑔 + 2∇ 𝑓 · ∇𝑔 + 𝑔∇2 𝑓 for
any two scalar point functions 𝑓 (𝑟, 𝜃, 𝜙) and 𝑔(𝑟, 𝜃, 𝜙). Construct one example in three dimensions to verify this
identity.

[10 Marks]

2019
25. Let ®𝑟 = ®𝑟 (𝑠) represent a space curve. Find

𝑑3®𝑟
𝑑𝑠3 in terms of ®𝑇 , ®𝑁 and ®𝐵, where ®𝑇 , ®𝑁 and ®𝐵 represent tangent,

principal normal and binormal respectively. Compute
𝑑®𝑟
𝑑𝑠

·
(
𝑑2®𝑟
𝑑𝑠2 × 𝑑3®𝑟

𝑑𝑠3

)
in terms of radius of curvature and the

torsion.
[8 Marks]

26. Verify Stokes’ theorem for ®𝑉 = (2𝑥 − 𝑦)𝑖 − 𝑦𝑧2 𝑗 − 𝑦2𝑧𝑘̂ , where 𝑆 is the upper half surface of the sphere
𝑥2 + 𝑦2 + 𝑧2 = 1 and 𝐶 is its boundary.

[10 Marks]

27. Derive ∇2 =
𝜕2

𝜕𝑥2 + 𝜕2

𝜕𝑦2 + 𝜕2

𝜕𝑧2 in spherical coordinates and compute ∇2
(

𝑥

(𝑥2 + 𝑦2 + 𝑧2)3/2

)
in spherical

coordinates.
[15 Marks]

28. Derive the Frenet-Serret formulae. Verify the same for the space curve 𝑥 = 3 cos 𝑡, 𝑦 = 3 sin 𝑡, 𝑧 = 4𝑡.
[10 Marks]
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10. (i) Show that the area bounded by a simple closed curve 𝐶 is given by
1
2

∮
𝐶

(𝑥 𝑑𝑦 − 𝑦 𝑑𝑥). Hence obtain the area

of an ellipse.

(ii) Evaluate
∫
Γ

(𝑒𝑥 𝑑𝑥 + 2𝑦 𝑑𝑦 − 𝑑𝑧) by using Stokes’ theorem, where Γ is the curve 𝑥2 + 𝑦2 = 𝑎2, 𝑧 = ℎ.

[8+7=15]

11. (i) Given that 𝑢 = 𝑥 + 𝑦 + 𝑧, 𝑣 = 𝑥2 + 𝑦2 + 𝑧2 and 𝑤 = 𝑥𝑦 + 𝑦𝑧 + 𝑧𝑥. Show that the vectors grad 𝑢, grad 𝑣 and
grad𝑤 are coplanar.

(ii) For the curve given by ®𝑟 =
(
2𝑡, 𝑡2,

𝑡3

3

)
, find the curvature and torsion at 𝑡 = 1.

[8+7=15]

12. (i) Given that the vectors ®𝑓 and ®𝑔 are irrotational. Show that the vector ®𝑓 × ®𝑔 is solenoidal.
(ii) Show that the vector ®𝑞 = (6𝑥𝑦 + 𝑧3)𝑖 + (3𝑥2 − 𝑧) 𝑗 + (3𝑥𝑧2 − 𝑦) 𝑘̂ is irrotational and find a scalar function 𝜙

such that ®𝑞 = grad 𝜙.
[3+7=10]

2022
13. Determine constants 𝑎, 𝑏, 𝑐 so that the directional derivative of 𝜙(𝑥, 𝑦, 𝑧) = 𝑎𝑥𝑦2 + 𝑏𝑦𝑧 + 𝑐𝑧2𝑥3 at (1, 2,−1) has

a maximum magnitude 88 in a direction parallel to the 𝑧-axis.
[8 Marks]

14. Given that 𝐶 is a curve of the intersection of the cylinder 𝑥2 + 𝑦2 = 4 and the plane 𝑥 + 𝑦 + 𝑧 = 2, and 𝐶 is

described counterclockwise. Verify Stokes’ theorem for the line integral
∫
𝐶

(−𝑦3 𝑑𝑥 + 𝑥3 𝑑𝑦 − 𝑧3 𝑑𝑧).

[15 Marks]

15. Derive vector identity for divergence of cross product of two vector point functions. Given a relation between
linear and angular velocity as ®𝑣 = ®𝜔 × ®𝑟 . If ®𝜔 is constant, then show that (i) curl ®𝑣 = 2 ®𝜔 and (ii) div ®𝑣 = 0.

[10 Marks]

16. If a curve in space is represented by ®𝑟 = ®𝑟 (𝑡), then derive expressions of its torsion and curvature in terms of ®𝑟 , ¤®𝑟
and ¥®𝑟. Find the curvature and torsion of the curve given by ®𝑟 = (𝑎𝑡 − 𝑎 sin 𝑡, 𝑎 − 𝑎 cos 𝑡, 𝑏𝑡).

[15 Marks]

2021
17. If ®𝐹 =

(
𝑦
𝜕𝜙

𝜕𝑧
− 𝑧

𝜕𝜙

𝜕𝑦

)
𝑖 +

(
𝑧
𝜕𝜙

𝜕𝑥
− 𝑥

𝜕𝜙

𝜕𝑧

)
𝑗 +

(
𝑥
𝜕𝜙

𝜕𝑦
− 𝑦

𝜕𝜙

𝜕𝑥

)
𝑘̂ , then prove that ®𝐹 − (®𝑟 × ∇𝜙) = ®𝐹 · ®𝑟 = ®𝐹 · ∇𝜙 = 0.

[8 Marks]

18. Let ®𝑎 and ®𝑏 be any two vector point functions defined on Euclidean space R3. Derive the vector identity for
∇( ®𝑎 · ®𝑏). Verify that identity for grad(grad 𝜙 · grad𝜓), where 𝜙 = 3𝑥2𝑦 and 𝜓 = 𝑥𝑧2 − 2𝑦.

[15 Marks]

19. State Gauss’ Divergence Theorem completely. Verify the theorem for a field vector ®𝑓 = 4𝑥𝑖 − 2𝑦2 𝑗 + 𝑧2 𝑘̂ taken
over the region bounded by the cylinder 𝑥2 + 𝑦2 = 9, 𝑧 = 0, 𝑧 = 4.

[10 Marks]
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