Tutorial 7

Week of October 29, 2018

1. Differentiate the following functions.
(a) f(x) =x?sinz

f'(x) =2zsinz + z? cosz

(b) g(0) = e (tan @ — ) Recall that sec’z — 1 = tan®x

d
d—‘g = eP(tanf — 0) + e’ (sec? 6 — 1)
= e?(tan6 — 0 + sec’ 6 — 1)
= ¢?(tan? 0 + tan 6§ — 0)
cott cost
(©) JB) = et elsint
—sint(efsint) — cost(e’sint + e’ cost

(et sint)?
—etsin?t — et cos?t — el sint cost
(et sint)?

—et(sin?t + cos? t) — e sint cost
(et sint)?

—e!(1 + sintcost)
2t sin? ¢

—(1+sintcost)

et sin?t

(d) r(#) =sinfcosb
() = (cosf)(cos @) + (sinf)(— sin h)
= cos? f — sin® 0

= cos 2z

(e) k(x) =sin®z = (sinz)?

K'(x) = 2sinxcosz

= sin 2%



(£) fz) = (52° + 22%)*
f(x) = 4(52° 4 22°)3(302° + 62)

(8) 9la) = g = (a7 1)
g'(x) = —3 173 (22)

(h) h(z) = e*"®

W(z) =e" (22 — 1)

(i) y(z) =37

3,7;2—:1: _ 61113’”2*"” _ (z?—2)In3 _ 61113-(1’2—.%)

e

(3@ =m0y g3 -0y g(In3(2? — x)) d(a? - 2)

dx dn3(22 —2))  d@@?—2z) = da

_ o n3@%-2) 3. (22— 1)
_ 327 3. (2 —1)

In general, if y = af @) then y = af@ .Ina- f'(x).

2. Verify the derivatives from the chart:

: -1
= = = (sinx
() y = csex = —— = (sinz)
y = —1(sinz) ?(cos )
_ 4 1 CcoS T
N sinxz sinxz
= —cscxcotx
b =secx = = (cosx) !
) v —— = (cos)
y = —1(cosx) ?(—sinx)

1 sin x

COSx COST

=secxrtanx



COosT

= t =
(c) y = cotw sinz

, —sinzsinx —cosxcosx
y g

(sinz)?

—(sin® z + cos? 7)
2

sin® x
B —1
 sin?a
= —csctx
(d) y =log,x
al =z
aloguw -7
d (alogaw) B dx
dx dx
d(a'8") d(log,z) dx
d (log, x) de  dx
alogaaz Ina- d(loga l’) -1
dx
d(log,z) 1 1
dz © ad%%lng  xlna
d (1 d
But M is just &Y with different notation!
dx dx
1
ol
Y= zlna

3. Find the equation of the tangent at the given point.
(a) f(x) =€ cosz P(0,1)

f'(z) = €*cosz + " (—sinx)

= e”(cosx —sinx)
m = f'(0) = €°(cos 0 — sin0) = 1(1 - 0) =1
y=1, =0, m=1, b="
1=10)+b=10b=1

The equation of the tangent at the given point is y = = + 1.



(b) g(z) = cosz —sinz P(m,—1)

g (x) = —sinz — cosx
m=g'(r)=—sinTt—cosTt=0—(—-1)=1
y=-1, x=m, m=1, b=?

—1=1(m)+b=b=—(r+1)

The equation of the tangent at the given point is y = = — (7 + 1).

(c) h(z) =27 P(0,1)
h'(z) = 2% In?2
m="h(0)=2In2 =1In2
y=1 x=0, m=I2 b=?
1=n20)+b=0b=1

The equation of the tangent at the given point is y = (In2)x + 1.

(d) G(z) =ze™  P(0,0)

G'(z) = (1)e ™ + ze ™ (—22)
= e*x2(1 — 21%)

m=G'0)=e(1-0)=1

y=0, =0, m=1, b=?

0=10)+b=10b=0

The equation of the tangent at the given point is y = x.

4. Let r(x) = f(g(h(x))), where h(1) =2, g(2) = 3, h'(1) =4, ¢'(2) =5, and f'(3) = 6. Find 7/'(1).

r'(z) = f(g(h(x))) - ' (h(x)) - W' ()
(1) =f'(3)-4'(2) -4

=6-5-4

=120

5. For what values of r does y = €"® satisfy the differential equation y” + ' — 6y = 07
y/ — /re'/‘x
"n__ 7,,26r.r

Yy +y —6y=0

r2e"™ 4 re™ — 6" =0
e””('r2 +r—6)=0

e (r+3)(r—2)=0

€™ is never zero. Therefore we have r = —3 or r = 2.



6. Find the 50th derivative of y = cos 2z.

f(x) = cos2x

fO(z) = —2sin 2z

FP(z) = —22 cos 2z

3 (x) = 23sin 2z

FB(z) = 2% cos 2z

From this pattern, we can define the nth derivative of f(z) as:
2™ cos 2x
—2"sin 2

(M) (2) =
G —2" cos 2z

2" sin 2z

where n mod 4 is the remainder from dividing n by 4.

Since 50 mod 4 = 2, then £ (z) = —2%0 cos 2.

nmod4 =0
nmod4 =1
n mod 4 = 2
nmod4 =3



