Solution to Homework Set 3, M181

1. Differentiate with respect to x
Last term uses the product rule:

(1) y = 2°+27°+zln(x)
d
ﬁ = 52t — 52 +1In(z) + 1
Product rule:
(17) y = 2°sinz
d
- 32?sinx + 2° cos x
dx
Quotient rule:
In(z) 4+ 3
(i) V= Tove
1
dy ;(x +2) = (In(z) +3) o _o9p xln(x)
de (z + 2)2 T z(z+2)2
1 In(z) + 3

z(xr +2) (x4 2)?

2. Differentiate with respect to x
(1) cos(x?), (i1) x* 5" | (73i) V1 + sin 3z

(i)  To find - cos(2?) we use the chain rule. The function has the
pattern f(g(z)), chain rule is

Li(o@) = To@)d@)

—cosz® = —sin(z®) — = —2x sina®

dx



(i)  To compute the derivative of z2e°** we apply the product rule and

the chain rule. First we’ll look at the derivative of €%, Define v = cos .

vy,
e = — =
Y e T e
dv .
v = CoSr = — = —sginx
dx
dy  dydv | )
pl %%—(e )(—sinx)
d ( COSI) : COoS T
—(e = —ginze
dx

Now we can use the product rule.

d d
_(x26cosa:) = QpefosT 4 x2_(6cosa:)
dz dx

— 2 €008 T _ 1'2 gin  ecos®

(74i)  Chain rule again. To compute the derivative of /1 + sin 3z we
introduce the variable v = 1 4 sin 3x.

y = Vu=0"*  with v=1+sin3z
dy _ (dy) (o
dv dv dx
1
- 51)*1/23008355

3 cos 3z

2y/1 4+ sin 3z

I've gone through these derivatives slowly, step by step. With a little
practice you’ll be able to do these with a lot less working than this.



3. Find the equation of the tangent to the graph of the function

2x
3+ 1

y:

at the point (x = 2).

The tangent to the graph at a point is the straight line passing through
the point on the curve, with the same slope as the curve.

As we saw in the lectures, the tangent to f(x) through the point zy has
the equation

y = f(xo) + f'(w0)(x — x0) .

To find the tangent, we need to know the derivative of f.

0 = 5
, _2(2*+1)—22(32%) 2 —4a’
f(x) - ($3+1)2 - (x3+ 1)2

At the point zy = 2 we have f(2) = % and f'(2) = — é_g'
Hence the equation for the tangent is

4 10 10 32

y=f($o)+f’(:vo)(x—xo):§— 2—7(:16—2): S ERTE

As you can see, this line just touches the curve at x = 2, so it really is the
tangent line.
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4. Find the deriwative of
233 sin 22.
Use the product rule for many factors.
(wow) = vow+ w'w + uvw’

d
— {x‘q’e% sin 21’} = 3226 sin 22 + 3233 sin 22 + 2233 cos 2x
z

= 2%e% (3sin 2z + 37 sin 2 + 27 cos 2x)

5. Calculate the derivative of

f($):x—2|-3

from first principles.

“From first principles” means we should start from the definition

flx+h) - f(x)

/ T
Fo=im=
2 2
— h = -
f@o =g = Jeth =m0
2 2
flx+h)— flx) = subtract fractions

r+h+3 z+3
2(x+3)—2(x+h+3)

(x+h+3)(z+3)
B —2h
 (z+h+3)(z+3)
flath) = flz) _ —2
h  (x+h+3)(z+3)

Fortunately it’s easy to take the h — 0 limit,

/ . —2 - -
f<x>—%%{<x+h+3><w+3>}_%

which is the answer you should have expected.



