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2. f 0 (x) = 5
4
(x+ 1)

1
4 + 1

3x2/3
. Since f is continuous at x = 0 and lim

x→0±
f 0(x) =∞, then

f has a vertical tangent at x = 0.

3. Differentiate implicitly with respect to x, we have:

9y2y0 + 4y + 4xy0 − 2x sin y − x2y0 cos y = 0. Therefore, y0|(0,1) = −49 .
Equation of tangent line: 4x+ 9y − 9 = 0 .

4. (b) Let h (x) = g (x)− f (x) . So, h (a) = 0 (g (a) = f (a)). Since f and g are differ-
entiable on [a, b] , then

(1) f and g and hence h are continuous on [a, b]

(2) f and g and hence h are differentiable on (a, b) , and h0 (x) = g0 (x)− f 0 (x) > 0
for all x ∈ (a, b) (f 0 (x) < g0 (x) for all x ∈ (a, b)).
From The Mean Value Theorem ∃ c ∈ (a, b) such that h (b) − h (a) = h0 (c) (b− a) .
Since, b > a, h0 (c) > 0 and h (a) = 0, then h (b) > 0 =⇒ g (b) − f (b) > 0 =⇒
f (b) < g (b) .

5. Let the coordinates of A and B, after time t, be (x, 0) and (0, y) , respectively and S
be the distance between A and B. Thus, S =

p
x2 + y2.

Solution (1): Differentiate with respect to t,
dS

dt
=
2xdx

dt
+ 2y dy

dt

2
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. After two minutes,

x = 3 (2) = 6m/min and y = 4 (2) = 8m/min . Thus,
dS

dt

¯̄̄̄
t=2

= 5m/min .

Solution (2): S =
p
x2 + y2, x = 3t, y = 4t =⇒ S =

q
(3t)2 + (4t)2 = 5t =⇒

dS

dt
= 5m/min .

6. Domain f = R− {−1, 1}. The point (0, 0) lies on the curve. f (−x) = −f (x) , then f
is an odd function. The graph of f is symmetric about the origin.

(a) lim
x→−1±

f (x) = ∓∞ and lim
x→1±

f (x) = ∓∞ =⇒ x = −1 and x = 1 are Vertical

Asymptotes. lim
x→±∞

f (x) = 0 =⇒ y = 0 is a Horizontal Asymptote.

(b) f 0 (x) 6= 0. At x = −1 and x = 1, f 0does not exist (f has infinite discontinuity).

I (−∞,−1) (−1, 1) (1,∞)
sign of f 0(x) + + +
Conclusion % % %

f is increasing on (−∞,−1), (− 1, 1) and (1,∞) . f has no local extrema.



(c) f 00 (0) = 0, and f 00 does not exist at x = ±1 where f is not continuous.
I (−∞,−1) (−1, 0) (0, 1) (1,∞)
sign of f 0

0
(x) + − + −

Concavity CU CD CU CD

, (0, 0) is an inflection point.
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