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1. {a) Suppose a, b and ¢ are nun—coplanar VeCtOIS Prove that ma + yb+zc = 8 nnpheé L

{b) Let a and b be the p051t10n vectors of the pomts A and B w1th respect to the._ S

orlgm 0. Fmd the equatmn of the straight line that passes through the given
points A and B.

(¢) Suppose a and b are known vectors with a # 0. Prove that a x y = b has a

solution if and only ifa-b = 0.

(d) Let cosa,cos B and cos+y be the direction cosines of the vector r = zi + yi + zk.

In the usual notation, show that

cos® o + cos® B+ cos?y = 1,
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2. (a) Suppose A = 2i +j~ 3k and B =1 - 2j+ k. Find a vector of magnitude 5 and

perpendicular to both A and B.

(b) Suppose A = 3i+j+ 2k and B = i - 2j — 4k are the position vectors of the points

P and @, respectively.

i. Find an equation for the plane passing through @ and perpendicular to the

line P{.
ii. Find the distance from the point (-1,1,1) to the plane.

(¢) Find the volume of _the.._para_llél_epi_ped_ with. s_ide_s A, _B_ al_l.d C in the u_sué;_lznpt_atione o

Hence show that A,'B ._a_r}d C are .cqplanar: if _ah._d":o_nly if A B ><C= 0. -

3. (a) Suppose a p:a.1jtic1e moves _.alon_g the curve z = 2sin 3t,:_y_# 2 cos :31_;‘,2 = _8t_'__'a_t_.'§;ny___ ":

fimet>0. .
i Fmd the velocity and acc'el_er_a;tidn_of the pé,_rt_icle'.:' R S

ii. _"Fin_d_the _magnitude .'bf__t};_e -{iéi_dcity -_and é,f_icéler_a;ion_fa:t ar_ly:_ti_r_:_r;e b R

(b) Find a unit tangent ﬁectqr_tqaﬁy_pbint on the curve z = _t@'éo:_s'nﬁ_t,'y = a sinwt, z = ERRT

bt __w_he_ré_ a,b. and w are _.C_énst_a_;nts. .
(¢) Let A and B be differential vector functions of s. Prove thex following ide_iltitie_s, o

i A(A.@_QA.B):A.Q?&_@.B,

ds? ds?

. 2 2
i, (A x B _dAyRBY - A x LB _ LA B
ds ds ds 5

(d) Suppose A has a constant magnitude. Show that A - dA/dt = 0 and that A and
dA/dt are perpendicular provided that {dA/dt| # 0.



4. (a) In the usual notation prove the following identities:
i. V.(A+B)=V-A+V. B
ii. V-(pA)={(Ve) - A+¢(V-A)
iii. V- (&) =0
(b) Find a unit normal (outward drawn) to the surface (2 — 1)* +9* + (2 + 2)2 =9
at the point (3,1, —4).
(c) Find the directional derivative of thé _'func::tiqn_tié%f“_y%r_%.ét. th_e. po_jnﬁ (1, 1,. _—1) in - :

a direction toward the point {-3, _5,"6).: SR

(d) Prove that the vector A m-3_y'4_22i_+ 4.;1:3z2j = 3224%k is _séleﬁdidél.

5. (a) Suppose v = w X r where w is a constant vector.  Prove, in the usual notation, -

that

(b) Suppose V x A = 0. Prove in .the _usﬁé}_ no.ta.,_ti_on: that . AR
VoAxp-r(TxA)

(c) Suppose A and B are irrotational. Prove that A x B is solenoidal.

(d) i Find constants a,b and ¢ so that V = (4o — 2y + az)i + (bz — 2y + 52)j +

(dx + cy + 5z)k is irrotational.

ii. Show that V can be expressed as the gradient of a scalar function. Find that

scalar function.



6. (a) State the Divergence Theorem.

(b) Suppose S is any closed surface enclosing a volume V', n is the positive normal

to S and A = axi + byj + czk. Prove that
ffsA ndS=(a+b+c)V

(c) Evaluate ffor-n dS in the usual notation, where S is a closed surface and n is

the positive normal to 5.
(d) Use part (c ) above to evaluate f f g1 dS where . '
i. S_ is .the sp.here _'og re_diu_s _2_wit_h_een'te1:_a_t (O,(),[].)., ;
ii. S is the su_x.‘.faee of .tﬁe cubebounded by m =—l, y = _fi,z = ~*1, z =1, y= 1.. _.

and z = 1 -

7. (a) Sta.te ’she Stokes Theorem |

{b) Evaluate ffs V X A) n dS where A (m +y 4)1+3:Ey3+ (le—l-zz)k and S :-:_. S

is the uppe1 half surface of the SphEIB a: + y + z = 16
{c) Prove _thet S
$drxB=[[(axV)xBdS,

in the usual notation.



