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1. (8 points) Find y0: (Do not simplify).

(a) y = ex

sin x cos x

Solution:

y0 =
ex sinx cosx� ex (cosx cosx� sinx sinx)

(sinx cosx)
2 :

�
(b) y = tan

�
ln
�
1 + x3

��
Solution:

y0 = sec2
�
ln
�
1 + x3

��
� 1

1 + x3
� 3x2:

�

2. (4 points) Let f(x) =
p
1 + 3x. Use the �limit�de�nition of the derivative to show that

f 0(x) =
3

2
p
1 + 3x

:

Solution:

f 0 (x) = lim
h!0

f (x+ h)� f (x)
h

= lim
h!0

p
1 + 3 (x+ h)�

p
1 + 3x

h

= lim
h!0

p
1 + 3 (x+ h)�

p
1 + 3x

h
�
p
1 + 3 (x+ h) +

p
1 + 3xp

1 + 3 (x+ h) +
p
1 + 3x

= lim
h!0

1 + 3 (x+ h)� (1 + 3x)
h

� 1p
1 + 3 (x+ h) +

p
1 + 3x

= lim
h!0

3h

h

1p
1 + 3 (x+ h) +

p
1 + 3x

=
3

2
p
1 + 3x

:

�

3. (4 points) Find the horizontal and vertical asymptotes (if they exist) of the curve

y =
9 sin 5x

x (x� 1) :

Solution: Since

0 �
���� 9 sin 5xx (x� 1)

���� � ���� 9

x (x� 1)

����
and

lim
x!1

���� 9

x (x� 1)

���� = 0;
we have

lim
x!1

���� 9 sin 5xx (x� 1)

���� = 0:
Therefore

lim
x!1

9 sin 5x

x (x� 1) = 0:



Similarly, we have

lim
x!�1

9 sin 5x

x (x� 1) = 0:

Therefore, y = 0 is the horizontal asymptote.

Since

lim
x!0

9 sin 5x

x (x� 1) = lim
x!0

9� 5
(x� 1)

sin 5x

5x
= �45;

x = 0 is not a vertical asymptote. We note that � < 5 < 2�, so sin 5 < 0 and

lim
x!1�

9 sin 5x

x (x� 1) =1;

lim
x!1+

9 sin 5x

x (x� 1) = �1:

Therefore x = 1 is the vertical asymptote. �

4. (4 points) The set of solutions to the equation

2(x2 + y2)2 = 25(x2 � y2)

forms a curve called a lemniscate. Use implicit di¤erentiation to �nd the slope of the lemniscate at the
point (x; y) = (3; 1).

(3,1)

Solution: Suppose y is a function of x � that is y = y(x). Di¤erentiating both sides of the lemniscate
equation, we get

4(x2 + y2) �
�
2x+ 2y � y0

�
= 25

�
2x� 2y � y0

�
;

which simpli�es to
8x(x2 + y2) + 8(x2 + y2) � y � y0 = 50x� 50y � y0;

which simpli�es to �
50 + 8(x2 + y2)

�
� y � y0 = 50x� 8x(x2 + y2)

which simpli�es to

y0 =
50x� 8x(x2 + y2)�
50 + 8(x2 + y2)

�
y
:

Thus, if (x; y) = (3; 1), then

slope =
50x� 8x(x2 + y2)�
50 + 8(x2 + y2)

�
y

=
50(3)� 8(3)((3)2 + (1)2)�
50 + 8((3)2 + (1)2)

�
(1)

=
150� 24(9 + 1)
50 + 8(9 + 1)

=
�90
130

= �9
13 :

�

2


