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Let G be the “ice cream cone” bounded below by z = q13ix2 +y? ' and above by

x>+’ +z° =4. Write an iterated integral which gives the volume of G by using
spherical coordinates.

(10 marks)

Find the mass of the solid that lies below the paraboloid z =25—x” — y* inside the
cylinder x°+y*=4 above the xy—plane, and has density function
p(x,y,2) =x* +y* +62.

(10 marks)

Let r(f)=2cosfi+2sint j +3t k. be a position vector of a particle moving in
space.
(1) Find its velocity, speed and acceleration at time ¢ = 7.

(i) Find the unit tangent vector T(f), principal unit normal vector N(¢) and

curvature K.
(12 marks)
Evaluate the surface integral
[[ @z+y*z)as,
where o is the portion of hemisphere x”* + y* +z* =4, z20.
(8 marks)
Locate all relative maxima, relative minima and saddle point, if any for
Flx, 2)=2x" —dxy +y* +2.
(12 marks)

Evaluate jy dx+zdy+xdz, where C consists of the line segment C, from (3,4,5)
(&

followed by the vertical line segment C, from (3,4,5) to (3,4,0).

(8 marks)
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Show that the vector field F(x,v,z)=2x(y" +z')i+2pc’j+3x’z%k is
conservative. Find its scalar potential function ¢(x, y,z) and work done by the force

F in moving a particle from (-1, 2, 1) to (2, 3, 4).

(10 marks)
Use Green’s Theorem to evaluate
, Sin X 4
CJ’C(Byfe )dx+(7x+1fy +1)dy
where C'is the circle x* + y* =9 oriented counter clockwise.
(10 marks)

Use Stoke’s Theorem to compute the integral
[ VxF)-as

where F(x,y,z)=yzi+xzj+xyk and o is the part of the sphere x> + y* +z> =4
that lies inside the cylinder x” + y”* =1 and above the xy —plane.

(10 marks)

Ewvaluate

[ vas

where F(x,y,z)=xyi+(y’ +e* Yj+sin(xy)k and o is the surface of the region
bounded by the parabolic cylinder z=1-x" and the planes z=0, y=0, and
y+z=2,

(10 marks)
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Formulae
Polar coordinates: x=rcosf, y=rsin @ and x>+ =

[[reeyyaa = [[ 1,0y rardo

Cylindrical coordinates: x=rcos 6, y=rsin @,z=zand x> +)* =+

[[[fGey.2) av = [[[f(.0,2) r dzdrdo

Spherical coordinates: x= pcos@sing, y = psinfsing, z= pcosg, pF =x>+y*+ 2,
O0<g¢<mand 0<O <27

[[[76e.2) av = [[[£(p.9.6) 7 sing dpagdo

The directional derivatives, D, f(x,y) = ( S+ [, j)- u; The gradient of = V¢

Let F(x,y,z)=Mi+ N j+ Pk is vector field, then

The divergence of F=V-F = o B +£
ox oy oz
i i k
5]
The curl of F = VxF = g 9 & = o 8N i*[&paﬁ/f}j-i- o _aR k
ox Oy Oz ay Oz x Oz ox oy
M N P
Let C is smooth curve given by r(¢) = x(t)i+ y(0)j+z(Hk .
The unit tangent vector, T(¢) = r'(l)
[r®]
- : T'(r)
The principal unit normal vector, N(1) = ————
[T®]
Tf l ! L
— « )| _|rnxr f””
FOl ol
Green Theorem:
oON oM
M de+ N dy = —_———
{ Maena g[ax g
Gauss Theorem: Stokes Theorem:
jqj Fen dS = J:H VeF dV [j (VxFyndS= [ Fedr
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Arc Length of Plane Curve and Space Curve

For a plane curve, r(f) = x(¢)i+ y(#)j on an interval [a,b], the arc length
b
s= [Iro) a = [Vir@r +1yora.
For a space curve, ¥(#)=x(2)i+W0)j+z(t)k on an interval [a,b], the arc length

h
s=fVQMM—LﬁMWV+UVW+ﬁWW¢-






