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26. (a) Let Fl:M1i+N1j+P1kandF2:M2i+N2j+P2k

= V- (aF, +bF,) = (a%+baM2)+( 5§1+b5N2)+( il +b6PZ)
Y oz 0z

ox dy 0z

(F’M‘ F/N‘+ap‘) b(ﬁg2+%+%) a(V-F)+b(V-F,)

(b) Define F, and F, as in parta

:>Vx(aF1+bF2):[(a‘Z_lj+baﬁ) 5N1+b;w2 ] [

FMZ) (a%+b%2)}j

o
N, 5 ON, aM2
e R s )]
—al (BN (M PR (N FMI i_% 5M2_5ﬁ- My _ oMy
"{(E az)'+(az ax)J+(ax } [a az 2 6x)‘l+(6x 2 )k}
=aV><F1+bV><F2
i j Kk
(© FxFy=|M; N R |=(NP-RN,)i-(MP,-RM,)j+(MN,-N M)k
M, N, P

= V-(F xFy) =V-[ (NP = BN, )i=(M Py = My ) j+(M Ny = N\M; )k |
:i(Nlpz _PINZ)_%(MIPZ —P1M2)+Q(M1N2 —Nle)

OP; OB ON. oP,
— N on 2 on
—(Pz N =Ny - R ) (Ml +p 20 5), -p2L @v —-M, ay)
ON, ON,
(Ml +N, 20N 2 MZE)
0B ON, oM, OR N, M, ON, OB oB, M, oM, 0N,
_MZ( dy oz )+N2( 0z ox +P2 ox dy +M 0z oy 1\ ax 0z 1 oy ox

:F2 VXFI _Fl VXFZ
27. Let Fl :M1i+N1j+})1k and F2 :M2i+N2j+P2k.
(a) Fl XF2 :(NIPZ —})1N2)i+(})1M2 —Mlpz)j+(M1N2 —Nle)k
= Vx(F sz):[%(MlNz - N\M,)-Z(RM, —MIPZ)]iJ{%(NlPZ — BN, )-Z(MN, —Nle):|j
J{ai(Ple —MPy) =2 (NP, —PlNz)]k
consider the i-component only: = (M1N2 NIMZ)—Q(Ple _MIPZ)

=N, 20 (ay w3, 22 5y ~M, 0 (ay -2 5), MZ;:Z RZL Pz;, M, 22

P 6

(Nzag;[‘+P2 62) (Nl 6y2+P16M2)+(8£)J)2 FPZ)MI (agur )M2




oM oM oM oM oM oM, 0N, OP. oM, oN, OB
(M2 1+N2 1+P2 1) (Ml 6x2+N1 2+Pl 2) (6x2+6y2+ 2)M1 (x‘+ 1+6Z)M

Now, i-comp of (F, -V)F, =(M25%+N2§+P2 g) M, = (M2 LIy ALl aMl +P aMl)

likewise, i-comp of (F; -V)F, = (Ml g:[cz +N 6y2 +hB aMZ)

My AN, |

i comp of (V-F,)F, = ( % %

aPZ)MI and i-comp of (V-F)F, = (aMl + 2 aPI)MZ.

Similar results hold for the j and k components of Vx(F, xF,). In summary, since the corresponding
components are equal, we have the result Vx (F xF,)=(F,-V)F —(F -V)F, +(V-F,)F, -(V-F)F,

(b) Here again we consider only the i-component of each expression. Thus, the i-comp of V (Fl -Fz)

oM oM aN. N, | o, 9P oR
:%(M1M2+N1N2+131P2) (Ml SEtMy N 2+ N, RS+ R 1)

i-comp of (F,-V)F, = (Ml oMy +N 2 BMZ +A BMZ)

i-comp of (F,-V)F, = (M25M1+N2 5M1)
i-comp of Fy x(VxF,)= Nl(%—%) P(Bgz 3;(2)’ and

i-comp of F, x(VxF)= N2(6N1 62;1) Pz(ag;fl ‘21;1)

Since corresponding components are equal, we see that
V(Fl F2) = (Fl V)Fz +(F2 V)Fl +F1 X(VXFz)"rFZ X(VXFI), as claimed.
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