WORKSHEET SOLUTIONS: PRODUCT AND QUOTIENT RULES

Names and student IDs: Solutions [rrm-mm-mw7T]

Recall the most recent differentiation rules we have seen:

(1) If f and g are differentiable, and j(z) = f(x)g(x) for all  (in a suitable open interval),
then j'(z) = f'(z)g(x) + f(z)g'(x).
(2) Quotient rule: If f and g are differentiable, g(x) is never zero (on a suitable open interval)

and i
j(z) = o(z)

~—

for all x (in a suitable open interval), then

L g - f@)g ()
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(3) The functions sin and cos are differentiable everywhere, and (using radians!)

sin’(x) = cos(z) and cos'(r) = —sin(x)

for all z.

Now differentiate the following functions, or else tell me that no differentiation rule you have
seen so far applies:

To differentiate s(x) = 23 sin(z), use the product rule. Write s(z) = f(x)g(x) with
f(z) = a3 and  g(x) = sin(z).

Thus:

s'(x) = fl(x)g(x) + f(x)g (z) = % (x?’) sin(z) + 2® sin’(z) = 32 sin(z) 4 2 cos(x).

. . _ sin(x) . . _ flx)

To differentiate s(x) = 2 e the quotient rule. Write s(z) = o) with
f(x) = sin(x) and g(x) =22 +1.
Thus:
. . d

o () = f(x)g(x) — f(x)d'(z) _ sin' () (2? + 1) — sm(x)%(zﬁ +1) _ (22 + 1) cos(x) — 2w sin(z)

lg(=)]? (22 +1)2 (22 +1)2
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If w(t) = (3t2 +t) cos(t) + t® then use the product rule on the first term, with f(t) = 3¢t +¢ and
g(t) = cos(t), so that w(t) = f(t)g(t), to get

i(tﬁ) = (6t + 1) cos(t) — (3t 4 t) sin(t) + 6t°.

w'(t) = 4 (3t +t) cos(t) + (3% +t) cos' () + pn

Cdt

di((:,;2 + 3z) (1127 — 10223)) = (2z + 6)(11z" — 10223) + (22 + 3z)(772° — 3062?).
X

23 sin(x) d
If () = IR use both the product and quotient rules. The derivative e (x?’ sin(x)) was

d
computed above, using the product rule: it is e (23 sin(z)) = 3z%sin(z) + 23 cos(z). So
x

/ %(:c?’ sin(z)) (2 + 1) — 23 sin(az)%(az2 +1)

q (.%') = (xg n 1)2

_ (322 sin(z) + 23 cos(z)] (z? + 1) — 2®sin(z) - 2z
(1‘2 + 1)2

B (322 sin(z) + 23 cos(z)] (z* + 1) — 22 sin(z)
B (22 4+ 1)2
_ (2* + 32?) sin(z) + (2° + 2°) cos(z)
- (x2 4 1)2 :

d
No differentiation rule we have seen so far tells us anything about e (79”) (This function is not
x

a general power: the derivative is not z—7*=71.)



