
Merit Calculus 1, Fall 2009, Worksheet 9

Problem 1. Draw a nice big unit circle on the chalkboard. Indicate on your circle what it
means to have an angle θ measured in radians.
For θ = π/4, what elements in your picture correspond to θ and to sin θ? How do these
compare?
For θ = π/8, what elements in your picture correspond to θ and to sin θ? How do these
compare?
For θ = π/30, what elements in your picture correspond to θ and to sin θ? How do these
compare?
For θ = −π/8? θ = −π/30?
What is the relationship between θ and sin θ as θ gets closer to 0? Now express this as a
limit. (You should now feel pretty good about your conjecture but this is not a proof; you
can find that in your textbook.)
Bonus points: What in your picture corresponds to tan θ? What happens if you repeat the
above process with tan θ in the place of sin θ? Now use your earlier result to prove this.
Easier: What is the relationship between cos θ − 1 and θ as θ → 0? Now use your earlier
result to prove this.

Problem 2. Evaluate the following limits:

lim
t→0

sin 3t

t
, lim

t→0

sin 2t

tan 6t
, lim

x→0

sin(cos θ)

sec θ
, lim

y→0

sin2 3y

y2
, lim

x→1

sin(x− 1)

x2 + x− 2
.

Problem 3. Use a trigonometric formula to rewrite cos(A + B) in terms of sinA, sinB,
cosA and cosB.

Problem 4. Use the definition of the derivative to find the derivative of y = cos x. (Use
your answers from Problem 1 and the last problem.)

Problem 5. What is the derivative of y = sinx? Use this, your result from the last problem,
and the quotient rule to find the derivative of y = cotx.

Problem 6. Find an equation of the tangent line to the curve y = secx − 2 cosx at the
point (π/3, 1).

Problem 7. Find the tangent line to the function y =
ex tanx

x2 + x+ 1
at x = 0.

Problem 8. Find the points on the curve y = x + 2 sinx at which the tangent line is
horizontal.



Problem 9. Find the points on the curve y =
cosx

2 + sin x
at which the tangent line is hori-

zontal.

Problem 10. Differentiate the double angle identity cos 2x = cos2 x − sin2 x to obtain the
double angle identity for sine. If you take another derivative, do you get back the first
formula?

Problem 11. Differentiate the addition formula sin (x+ b) = sin x cos b+cos x sin b to obtain
the addition formula for cosine.

Problem 12. Differentiate each trigonometric identity to obtain a new trigonometric iden-
tity.

tanx =
sin

cosx
, secx =

1

cosx
, sinx+ cosx =

1 + cot x

cscx
.

Can you recognise these new trigonometric identities as familiar ones rearranged?

Remark: You will be expected to be able to very quickly differentiate the functions

sinx, cosx, tanx, cscx, secx, cotx.

Problem 13. The range (total horizontal distance traveled) of a projective fired from the

ground with initial speed v0 at an angle of θ is given by R =
v2
0

16
sin θ cos θ. Find the angle

that maximizes the range.

Preparation for next time

Know all about the Chain Rule and Implicit Differentiation. (Sections 3.4 and 3.5)


