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1 you use the Cross Product Rule,
nber to preserve the order of the
s. If u comes first on the left side
equation, it must also come first
right or the signs will be wrong.
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Let uand ¥ 7y eren
scalar, and f an d C =

nction Rule:dt

1. Constant Fi ,
4 reu(n)] = cuw'(®)
dt

2. Scalar Multiple Rules:
4 (f(u(n] = OO + SO

4 n]=w() +v'()
3. Sum Rule: 7 [u(?) + v(9)]

4. Difference Rule: g—;-[u(t) —v()] =u(®) — V()
B, Bos Fradich el 4 () v(e)] = w0 V(D) + () -v(s

6. Cross Product Rule: g;[ll(t) X v(5)] = u'() X v(t) + u(f) x V(Y

7. Chain Rule: 2 [u(fD)] = f (O ()

—

We will prove the product rules and Chain Rule but leave the rules for constants scalg
multiples, sums, and differences as exercises. o

Proof of the Dot Product Rule Suppose that
u = (i + uy(2)j
y 20j + u3(Hk

Then V= uidi + vy(0)j + vy(pk.

d
~_(ll'v = i
dt ) 57 (u1v1 + vy + u3v3)

= Uiy +
V2 + uivy + 40
: 3T U1 + wpvh + upvl
| B ¥ —

u-v’

Proof of the ros

for scalgp functio ¢ Product Rul

e Wem
ns. ACCOrdmg 0del the proof after the proof of the Product Ruk

to the definition of derivative

d
7 WXy < lim 2 + &) x
To change this f. .. eyt V(2 +hh) = u(?) X v(y)

derivatjy, 0 :

€S of u anq an equiva]ey

d ¥> We Subtract o y tone that Contains the d it for ¥
Nd add u(; vt + ) ¢ difference quotients

in the numerator. Then



