
MATH 135 Calculus 1 Homework Assignment 6 Fall 2023

Due by 9am on November 10. Please upload your solutions to Canvas as one PDF file. Do not forget to
attach the honor code. Each problem is worth 10 points. You must show all your work for full credit.

(1) Find the derivative.

(a) f(x) = e(x
2+2x+3)2

(b) f(t) = cos(te−2t)

(c) f(x) =
ex

2

x

(d) f(x) = (1 + ex)4

(e) f(x) = tan(e5−6x)

(2) Find the derivative.

(a) y = (ln(lnx))3

(b) y = ln((x+ 1)(2x+ 9))

(c) y = ln
( x+ 1

x3 + 1

)
(d) y = 11sin x

(e) f(t) = log3(sin t)

(3) Find the points on the graph of y2 = x3 − 3x+ 1 where the tangent line is horizontal.
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21. sin(x + y) = x + cos y 22. tan(x2y) = (x + y)3

23. tan(x + y) = tan x + tan y 24. x sin y − y cos x = 2

25. x + cos(3x − y) = xy 26. 2x2 − x − y =
√

x4 + y4

27. Show that x + yx−1 = 1 and y = x − x2 define the same curve
(except that (0, 0) is not a solution of the first equation) and that im-
plicit differentiation yields y′ = yx−1 − x and y′ = 1 − 2x. Explain
why these formulas produce the same values for the derivative.

28. Use the method of Example 4 to compute dy
dx

∣∣
P at P = (2, 1) on

the curve y2x3 + y3x4 − 10x + y = 5.

In Exercises 29 and 30, find dy/dx at the given point.

29. (x + 2)2 − 6(2y + 3)2 = 3, (1, −1)

30. sin2(3y) = x + y,
(

2 − π

4
,
π

4

)

In Exercises 31–38, find an equation of the tangent line at the given
point.

31. xy + x2y2 = 5, (2, 1) 32. x2/3 + y2/3 = 2, (1, 1)

33. x2 + sin y = xy2 + 1, (1, 0)

34. sin(x − y) = x cos
(
y + π

4
)
,

(π
4 , π

4
)

35. 2x1/2 + 4y−1/2 = xy, (1, 4)

36.
x

x + 1
+ y

y + 1
= 1, (1, 1)

37. sin(2x − y) = x2

y
, (0, π)

38. x + √
x = y2 + y4, (1, 1)

39. Find the points on the graph of y2 = x3 − 3x + 1 (Figure 5) where
the tangent line is horizontal.
(a) First show that 2yy′ = 3x2 − 3, where y′ = dy/dx.

(b) Do not solve for y′. Rather, set y′ = 0 and solve for x. This yields
two values of x where the slope may be zero.

(c) Show that the positive value of x does not correspond to a point on
the graph.

(d) The negative value corresponds to the two points on the graph
where the tangent line is horizontal. Find their coordinates.
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FIGURE 5 Graph of y2 = x3 − 3x + 1.

40. Show, by differentiating the equation, that if the tangent line at a
point (x, y)on the curvex2y − 2x + 8y = 2 is horizontal, thenxy = 1.
Then substitute y = x−1 in x2y − 2x + 8y = 2 to show that the tan-
gent line is horizontal at the points

(
2, 1

2
)

and
(
− 4, − 1

4
)
.

41. Find all points on the graph of 3x2 + 4y2 + 3xy = 24 where the
tangent line is horizontal (Figure 6).
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y

FIGURE 6 Graph of 3x2 + 4y2 + 3xy = 24.

42. Show that no point on the graph of x2 − 3xy + y2 = 1 has a hor-
izontal tangent line.

43. Figure 1 shows the graph of y4 + xy = x3 − x + 2. Find dy/dx

at the two points on the graph with x-coordinate 0 and find an equation
of the tangent line at (1, 1).

44. Folium of Descartes The curve x3 + y3 = 3xy (Figure 7) was
first discussed in 1638 by the French philosopher-mathematician René
Descartes, who called it the folium (meaning “leaf”). Descartes’s sci-
entific colleague Gilles de Roberval called it the jasmine flower. Both
men believed incorrectly that the leaf shape in the first quadrant was
repeated in each quadrant, giving the appearance of petals of a flower.
Find an equation of the tangent line at the point

( 2
3 , 4

3
)
.
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FIGURE 7 Folium of Descartes: x3 + y3 = 3xy.

45. Find a point on the folium x3 + y3 = 3xy other than the origin at
which the tangent line is horizontal.

46. Plot x3 + y3 = 3xy + b for several values of b

and describe how the graph changes as b → 0. Then compute dy/dx

at the point (b1/3, 0). How does this value change as b → ∞? Do your
plots confirm this conclusion?

47. Find the x-coordinates of the points where the tangent line is hor-
izontal on the trident curve xy = x3 − 5x2 + 2x − 1, so named by
Isaac Newton in his treatise on curves published in 1710 (Figure 8).
Hint: 2x3 − 5x2 + 1 = (2x − 1)(x2 − 2x − 1).

(4) Find an equation of the tangent line at the point P = (1, 1) on the curve y4 + xy = x3 − x+ 2.
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3.8 Implicit Differentiation
We have developed the basic techniques for calculating a derivative dy/dx when y is
given in terms of x by a formula—such as y = x3 + 1. But suppose that y is determined
instead by an equation such as

y4 + xy = x3 − x + 2 1

In this case, we say that y is defined implicitly. How can we find the slope of the tangent
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FIGURE 1 Graph of

y4 + xy = x3 − x + 2

line at a point on the graph (Figure 1)? Although it may be difficult or even impossible to
solve for y explicitly as a function of x, we can find dy/dx using the method of implicit
differentiation.
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FIGURE 2 The tangent line to the unit circle
x2 + y2 = 1 at P has slope − 3

4 .

To illustrate, consider the equation of the unit circle (Figure 2):

x2 + y2 = 1

Compute dy/dx by taking the derivative of both sides of the equation:

d

dx

(
x2 + y2) = d

dx
(1)

d

dx

(
x2) + d

dx

(
y2) = 0

2x + d

dx

(
y2) = 0 2

How do we handle the term d
dx (y2)? We use the Chain Rule. Think of y as a function

y = f (x). Then y2 = f (x)2 and by the Chain Rule,

d

dx
y2 = d

dx
f (x)2 = 2f (x)

df

dx
= 2y

dy

dx

Equation (2) becomes 2x + 2y dy
dx = 0, and we can solve for dy

dx if y "= 0:

dy

dx
= −x

y
3

EXAMPLE 1 Use Eq. (3) to find the slope of the tangent line at the point P =
( 3

5 , 4
5

)

on the unit circle.

Solution Set x = 3
5 and y = 4

5 in Eq. (3):

dy

dx

∣∣∣∣
P

= −x

y
= −

3
5
4
5

= −3
4

In this particular example, we could have computed dy/dx directly, without implicit
differentiation. The upper semicircle is the graph of y =

√
1 − x2 and

dy

dx
= d

dx

√
1 − x2 = 1

2

(
1 − x2)−1/2 d

dx

(
1 − x2) = − x√

1 − x2

This formula expresses dy/dx in terms of x alone, whereas Eq. (3) expresses dy/dx in
terms of both x and y, as is typical when we use implicit differentiation. The two formulas
agree because y =

√
1 − x2.

(5) Calculate dy/dx at the point (π4 ,
π
4 ) on the curve

√
2 cos(x+ y) = cosx− cos y

(6) Find all points on the graph of 3x2 + 4y2 + 3xy = 24 where the tangent line is horizontal.

(7) Find the derivative using logarithmic differentiation.

(a) y =

√
x(x+ 2)

(2x+ 1)(3x+ 2)

(b) y = (2x+ 1)(4x2)
√
x− 9

(8) Find the derivative.

(a) y = x tan−1 x

(b) y = ecos
−1 x

(c) y = tan−1
(1 + t

1− t

)
(d) y = (tan−1 x)3

(e) y = csc−1(x−1)

(9) Find the derivative.

(a) y = cos−1(x+ sin−1 x)

(b) y = ln(sin−1 x)

(c) y =
cos−1 x

sin−1 x

(d) y = cos−1(lnx)

(e) y = cos−1 t−1 − sec−1 t

(10) Find g′
(
− 1

2

)
, where g(x) is the inverse of f(x) =

x3

x2 + 1
.
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