
 
ሺ𝑥, 𝑦ሻ is for a rectangular coordinate system. 
 
ሺ𝑟, 𝜃ሻ is for a polar coordinate system. 
 
𝑟 is a directed distance from the origin to a point P.   
 
𝜃 is the directed angle 
 

Polar            Rectangular Rectangular             Polar 

𝑥 ൌ 𝑟 cos𝜃 
 

𝑦 ൌ 𝑟 sin𝜃 

tan𝜃 ൌ
𝑦
𝑥

 

 
𝑟ଶ ൌ 𝑥ଶ ൅ 𝑦ଶ 

 
 
 
 
 
Convert the following from polar form to rectangular form. 
1.   𝑟 cos𝜃 ൌ െ4 
 
 
 
 
 
 
 
 
 
 
 
 

2.   4𝑟 cos𝜃 ൌ 𝑟ଶ 3.   
ସ

ଶ ୡ୭ୱఏି ୱ୧୬ఏ
ൌ 𝑟 

 
 
Slope of a Curve in Polar Form 
A curve in polar form is given by 𝑟 ൌ 𝑓ሺ𝜃ሻ, then its rectangular coordinates are given by 

൜
𝑥 ൌ 𝑓ሺ𝜃ሻ cos 𝜃
𝑦 ൌ 𝑓ሺ𝜃ሻ sin𝜃

.  The derivative 
ௗ௬

ௗ௫
 is defined the same way as the derivative of a parametric 

equation. 
 

𝑑𝑦
𝑑𝑥

ൌ
𝑦ᇱሺ𝜃ሻ

𝑥ᇱሺ𝜃ሻ
ൌ
ሾ𝑓ሺ𝜃ሻ sin𝜃ሿᇱ

ሾ𝑓ሺ𝜃ሻ cos𝜃ሿᇱ
ൌ
𝑓ᇱሺ𝜃ሻ sin𝜃 ൅ 𝑓ሺ𝜃ሻ cos𝜃
𝑓ᇱሺ𝜃ሻ cos𝜃 െ 𝑓ሺ𝜃ሻ sin𝜃

 

 
 

9.7 Differentiating in Polar Form  
Write your questions 
and thoughts here! 

Calculus Notes 



The following is an example of a common problem found on the AP Exam! 
4.   What is the slope of the line tangent to the polar curve 𝑟 ൌ 1 ൅ 2 sin𝜃 at 𝜃 ൌ 0? 
 
 
 
 
 
 
 
 
 
5.   Find the value(s) of 𝜃 where the polar graph 𝑟 ൌ 1 െ sin𝜃 on the interval 0 ൑ 𝜃 ൑ 2𝜋 

has horizontal and vertical tangent lines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9.7 Differentiating in Polar Form 
Calculus 

Problems 1-5 are pre-calculus review on polar form. 
1.   Find the corresponding rectangular coordinates for 

the polar coordinates ቀ7,
ହగ

ସ
ቁ. 

 
 
 
 
 
 
 
 
 
 

2.   Calculator active.  Find two sets of polar 
coordinates for the rectangular coordinate ሺ4,െ2ሻ.  
Limit your answers on the interval 0 ൑ 𝜃 ൑ 2𝜋.   

 
 

3.   Convert the rectangular equation 𝑥ଶ ൅ 𝑦ଶ ൌ 16 to 
a polar equation.   

 
 
 
 
 
 
 
 

4.   Convert the polar equation 𝑟 ൌ 3 sec 𝜃 to a 
rectangular equation.   

 
 

Practice 

Write your questions 
and thoughts here! 



 
5.   Sketch the polar curve 𝑟 ൌ 2 cos 3𝜃 for 0 ൑  𝜃 ൑ 𝜋 without a calculator, then check your answer. 
 
 
 
 
 
 
 

Find the slope of the line tangent to the polar curve at the given value of 𝜽. 
6.   𝑟 ൌ 3𝜃 at 𝜃 ൌ

గ

ଶ
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.   𝑟 ൌ
ହ

ଷିୡ୭ୱఏ
 at 𝜃 ൌ

ଷగ

ଶ
. 

 
 

8.   𝑟 ൌ cos 𝜃 at 𝜃 ൌ
గ

ଷ
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9.   𝑟 ൌ 2ሺ1 െ sin𝜃ሻ at 𝜃 ൌ 0. 
 



10.   A particle moves along the polar curve 𝑟 ൌ

3 cos 𝜃 so that 
ௗఏ

ௗ௧
ൌ 2.  Find the value of 

ௗ௥

ௗ௧
 at 𝜃 ൌ

గ

ଷ
.  Hint: remember implicit differentiation? 

 
 
 
 
 
 
 
 
 
 
 
 
 

11.  A polar curve is given by the equation        

𝑟 ൌ ଵହఏ

ఏమାଵ
 for 𝜃 ൒ 0.  What is the 

instantaneous rate of change of 𝑟 with respect 
to 𝜃 when 𝜃 ൌ 1? 

 
 

12.   Find the value(s) of 𝜃 where the polar graph     
𝑟 ൌ 2 െ 2 cos𝜃 has a horizontal tangent line on 
the interval 0 ൑  𝜃 ൑ 2𝜋.  Use a graphing 
calculator to verify your answers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13.   Find the value(s) of 𝜃 where the polar graph      
𝑟 ൌ 3 െ 3 sin𝜃 has a vertical tangent line on the 
interval 0 ൑  𝜃 ൑ 2𝜋.  Use a graphing calculator 
to verify your answers. 

 

14.   Calculator active.  For a certain polar curve 𝑟 ൌ 𝑓ሺ𝜃ሻ, it is known that 
ௗ௫

ௗఏ
ൌ cos 𝜃 െ 𝜃 sin𝜃 and 

ௗ௬

ௗఏ
ൌ

sin𝜃 ൅ 𝜃 cos𝜃.  What is the value of 
ௗమ௬

ௗ௫మ
 at 𝜃 ൌ 3? 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
15.   A polar curve is given by the differentiable function 𝑟 ൌ 𝑓ሺ𝜃ሻ for 0 ൑  𝜃 ൑ 2𝜋.  If the line tangent to the polar 

curve at 𝜃 ൌ
గ

଺
 is vertical, which of the following must be true? 

 
 
 
 
 
 

A.    𝑓 ቀ
గ

଺
ቁ ൌ 0 B.    𝑓ᇱ ቀ

గ

଺
ቁ ൌ 0 C.    

ଵ

ଶ
𝑓 ቀ

గ

଺
ቁ െ √ଷ

ଶ
𝑓ᇱ ቀ

గ

଺
ቁ ൌ 0 D.    √

ଷ

ଶ
𝑓ᇱ ቀ

గ

଺
ቁ െ

ଵ

ଶ
𝑓 ቀ

గ

଺
ቁ ൌ 0 

 
 
16.   Calculator active.  For 0 ൑ 𝑡 ൑ 8, a particle moving in the 𝑥𝑦-plane has position vector 〈𝑥ሺ𝑡ሻ, 𝑦ሺ𝑡ሻ〉 ൌ

〈sinሺ2𝑡ሻ , 𝑡ଶ െ 𝑡〉, where 𝑥ሺ𝑡ሻ and 𝑦ሺ𝑡ሻ are measured in meters and 𝑡 is measured in seconds. 
 

a.   Find the speed of the particle at time 𝑡 ൌ 3 seconds.  Indicate units of measure. 
 
 
 
 

 
 
 
b.   At time 𝑡 ൌ 5 seconds, is the speed of the particle increasing or decreasing?  Explain your answer. 
 
 

 
 

 
 
 
 
c.   Find the total distance the particle travels over the time interval 0 ൑ 𝑡 ൑ 6 seconds. 
 
 
 
 

 
 
d.   At time 𝑡 ൌ 8 seconds, the particle begins moving in a straight line.  For 𝑡 ൒ 8, the particle travels with the 

same velocity vector that it had at time 𝑡 ൌ 8 seconds.  Find the position of the particle at time 𝑡 ൌ 11 
seconds. 

 
 
 
 

Test Prep 9.7 Differentiating in Polar Form 


