
Related Rates: 
1) A balloon is inflated and its volume increases at a rate of 2 cm3/min. At what rate is the radius 
of the balloon changing when the radius is 5 cm? 
Solution: 
Given: ௗ௏

ௗ௧ = 2 cm3/min.  Asked: ௗ௥
ௗ௧ |௥ୀହ 

Since ܸ = ସ
ଷ πrଷ,   ௗ௏

ௗ௧ = ଶݎߨ4  ௗ௥
ௗ௧,  so  2 = 5ଶߨ4  ௗ௥

ௗ௧,  or ௗ௥
ௗ௧ = ଵ

ହ଴ cm/min. 
 
 
 
2) Gravel is being dumped from a conveyor belt and accumulates in a conical pile with radius 
that is always 3 times its height. If gravel falls from the belt at a rate of 100ft3/min, how fast is 
the height of the gravel pile changing when the pile is 10 ft. high? The volume of a cone is ܸ =
ଵ
ଷ  .ଶℎ. Your answer should be exact (No decimals). Show unitsݎߨ

 
Solution: 
Given: ݎ = 3ℎ , ௗ௏

ௗ௧ = 100ft3/min. Asked: ௗ௛
ௗ௧ |௛ୀଵ଴  

Since V=1/3 πr2h, we get V=3 πh3. 
So ௗ௏

ௗ௧ = ℎଶߨ9  ௗ௛
ௗ௧ , or 100 = 10ଶߨ9  ௗ௛

ௗ௧, so  ௗ௛
ௗ௧ |௛ୀଵ଴ = ଵ

ଽగ   ݊݅݉/ݐ݂
 
 
 
 
 
 
 
 
 
 
 



3) A 13-ft ladder is leaning against a vertical wall. If the foot of the ladder is pulled away at a rate of ½ 
ft/s, how fast is the top of the ladder sliding when the lower end of the ladder is (a) 4 ft. from the wall? 
(b) 5 ft. from the wall? (c) 6 ft. from the wall? Find the exact answer, and the answer rounded to 4 
decimal places. 

 
Solution: 
Given: length=13ft.,     ௗ௫

ௗ௧ = ଵ
ଶ Asked: ௗ௬    .ݏ/ݐ݂

ௗ௧ |௫ୀସ,ହ,଺  
ଶݔ + ଶݕ = 13ଶ, so 2ݔ ௗ௫

ௗ௧+2ݕ ௗ௬
ௗ௧ = 0 so ௗ௬

ௗ௧ = − ௫
௬

ௗ௫
ௗ௧   

ௗ௬
ௗ௧ |௫ୀସ = − ସ

√ଵଷమିସమ
ଵ
ଶ = − ଶ

√ଵହଷ ≈ ௗ௬ ; ݏ/ݐ1617݂.−
ௗ௧ |௫ୀହ = − ହ

√ଵଷమିହమ
ଵ
ଶ = − ହ

ଶ√ଵସସ ≈   ݏ/ݐ2083݂.−
ݕ݀
ݐ݀ |௫ୀ଺ = − 6

√13ଶ − 6ଶ
1
2 = − 3

√133 ≈  ݏ/ݐ2601݂.−
 
4) A boat is pulled into a dock by a rope attached to the bow of the boat and passing through a 
pulley on the dock that is 3 m higher than the bow of the boat. If the rope is pulled in at a rate of 
2 m/s how fast is the boat approaching the dock when 5 m of rope are left to pull in? Your 
answer should be exact (No decimals).  

 
Solution: 
Given: ݕ = 3; ௗ௭

ௗ௧ = Asked: ௗ௫    ݏ/2݉
ௗ௧ |௭ୀହ  

Since ݔଶ + 3ଶ = ݔଶ,  2ݖ ௗ௫
ௗ௧ + 0 = ݖ2 ௗ௭

ௗ௧ , so ௗ௫
ௗ௧ = ௭

௫
ௗ௭
ௗ௧   

ݔ݀
ݐ݀ |௭ୀହ = 5

√5ଶ − 3ଶ 2 = 5
2  ݏ/݉

 



 
5) An inverted conical water tank with a height of 12 ft. and a radius of 6 ft. is drained through a hole in 
the vertex at a rate of 2ft/s. What is the rate of change of the water depth when the water depth is 3 ft? 
The volume of a cone is ܸ = ଵ

ଷ  .ଶℎ. Your answer should be exact (No decimals). Show unitsݎߨ

 
Solution: 
Given: ℎ = ݎ  ,ݐ12݂ = ௗ௏ , ݐ6݂

ௗ௧ = Asked: ௗ௛   .ݏ/ݐ2݂−
ௗ௧ |௛ୀଷ  

Since V=1/3 πr2h, by similar triangles, 6/r=12/h or r=h/2. Into V, we get V=1/3 π(h/2)2h= 1/12 πh3. 
So ௗ௏

ௗ௧ = ଵ
ସ ℎଶߨ  ௗ௛

ௗ௧, or −2 = ଵ
ସ ௗ௛ 9ߨ

ௗ௧ , so  ௗ௛
ௗ௧ = − ଼

ଽగ   ݏ/ݐ݂
 
6) A 13-ft ladder is leaning against a vertical wall. If the foot of the ladder is pulled away at a rate of ½ 
ft/s, at what rate is the angle of inclination θ of the ladder with respect to the ground changing when 
the lower end of the ladder is 5 ft from the wall? 

 
Solution: 
Given: length=13ft,    ௗ௫

ௗ௧ = ଵ
ଶ Asked: ௗఏ    ݏ/ݐ݂

ௗ௧ |௫ୀହ  
Since  ܿߠ ݏ݋ = ௫

ଵଷ , −ߠ ݊݅ݏ ௗఏ
ௗ௧ = ଵ

ଵଷ
ௗ௫
ௗ௧.  At ݔ = ߠ ݊݅ݏ ,5 = ଵଶ 

ଵଷ  ,   so − ଵଶ 
ଵଷ

ௗఏ
ௗ௧ = ଵ

ଵଷ
ଵ
ଶ , so ௗఏ

ௗ௧ = − ଵ
ଶସ  ݏ/݀ܽݎ

 



7) A hot air balloon rising straight up is tracked by a range finder 150ft from the lift up point. At 
the moment the range finder’s elevation angle is π/4, the angle is increasing at a rate of 0.14 
rad/min. How fast is the balloon rising at that moment? 

 
Given: ௗఏ

ௗ௧ |ఏୀగ/ସ = Asked: ௗ௬    ݊݅݉/݀ܽݎ0.14
ௗ௧ |ఏୀగ/ସ  

Since tan(ߠ) = ௬
ଵହ଴ , secଶ(ߠ) ௗఏ

ௗ௧ = ଵ
ଵହ଴

ௗ௬
ௗ௧ , so at θ=π/4, √2ଶ(0.14) = ଵ

ଵହ଴
ௗ௬
ௗ௧ ,  or 

 ௗ௬
ௗ௧ |ఏୀగ/ସ =  ݊݅݉/ݐ42݂

 
 
8) Two ships, A and B, leave port at noon. Ship A travels north at 6.00 mph, and ship B travels east at 
8.00 mph. How fast are they separating at 2:00 pm? 
Solution: 
              y                       z  
                              x 
Given: ௗ௫

ௗ௧ = ,ℎ݌8݉ ௗ௬
ௗ௧ = ℎ    Asked: ௗ௭݌6݉

ௗ௧ |௧ୀଶ  
Since ݔଶ + ଶݕ = ݔଶ,  2ݖ ௗ௫

ௗ௧ + ݕ2 ௗ௬
ௗ௧ = ݖ2 ௗ௭

ௗ௧ , so ௗ௭
ௗ௧ = ௫

௭
ௗ௫
ௗ௧ + ௬

௭
ௗ௬
ௗ௧   

 
ݖ݀
ݐ݀ |௧ୀଷ = 16

√16ଶ + 12ଶ ∗ 8 + 12
√16ଶ + 12ଶ ∗ 6 = 16 ∗ 8 + 12 ∗ 6

√16ଶ + 12ଶ =  ℎ݌݉ 10 
 
 



9) A balloon rising straight up at a constant rate of 1ft/s. Just when the balloon is 65ft above the 
ground, a bicycle moving at a rate of 17ft/s passes under it. How fast is the distance between the 
`bicycle and the balloon increasing 3s later? 
Solution 

           Given: ௗ௫
ௗ௧ = 17 ௙௧

௦ , ௗ௬
ௗ௧ = 1 ௙௧

௦     Asked: ௗ௦
ௗ௧ |௧ୀଷ  

Since ݔଶ + ଶݕ = ݔଶ,  2ݏ ௗ௫
ௗ௧ + ݕ2 ௗ௬

ௗ௧ = ݏ2 ௗ௦
ௗ௧ , so ௗ௦

ௗ௧ = ௫
௦

ௗ௫
ௗ௧ + ௬

௦
ௗ௬
ௗ௧   

ݏ݀
ݐ݀ |௧ୀଷ = 17 ∗ 3

√51ଶ + 68ଶ ∗ 17 + 65 + 3
√51ଶ + 68ଶ ∗ 1 =  ݏ/ݐ݂ 11

 
10) A door that is 3 ft. wide is swinging shut at a rate of 2 radians /sec. Find the rate at which the 
distance between the door Jamb and the end of the door’s free edge is changing when the door 
has Pi/6 radians remaining through which to close. Your answer should be exact.  
Solution:  
                     θ 
        3                       3 
                     z 
Given:  ௗఏ

ௗ௧ = Asked: ௗ௭   ݏ/݀ܽݎ2−
ௗ௧ |ఏୀగ/଺  

Using the law of cosines,  ݖଶ = 3ଶ + 3ଶ − 2 ∗ 3 ∗ 3cos (ߠ), so   2ݖ ௗ௭
ௗ௧ = 2 ∗ 3 ∗ (ߠ) ݊݅ݏ3 ௗఏ

ௗ௧ ,  
or  ௗ௭

ௗ௧ |ఏୀగ/଺ = − ଽ
௭.  

Since at ߠ = ଶݖ  ,6/ߨ = 3ଶ + 3ଶ − 2 ∗ 3 ∗ 3 √ଷ
ଶ ,   or ݖ = 3ඥ2 − √3,  ௗ௭

ௗ௧ = − ଽ
௭ = − 3

ඥ2−√3, 
ݖ݀
ݐ݀ = − 3

ඥ2 − √3 ≈  ݏ/ݐ5.8݂−
 



11) A police cruiser, approaching a right-angle intersection from the north, is chasing a speeding 
car that has turned the coroner and is now moving straight east. When the cruiser is 0.6 mi north 
of the intersection and the car is 0.8 mi to the east, the police determine with radar that the 
distance between them and the car is increasing at 20 mph. If the cruiser is moving at 60 mph at 
the instant of measurement, what is the speed of the car? 
Solution 

 
Given: ௗ௭

ௗ௧ = ,ℎ݌20݉ ௗ௬
ௗ௧ = ,ℎ݌60݉− ݔ = 0.8݉݅, ݕ = 0.6݉݅  Asked: ௗ௫

ௗ௧ |௫ୀ଴.଼  
Since ݔଶ + ଶݕ = ݔଶ,  2ݖ ௗ௫

ௗ௧ + ݕ2 ௗ௬
ௗ௧ = ݖ2 ௗ௭

ௗ௧ , so ௗ௫
ௗ௧ = ௭

௫
ௗ௭
ௗ௧ − ௬

௫
ௗ௬
ௗ௧   

 
ݔ݀
ݐ݀ |௫ୀ଴.଺ = √0.8ଶ + 0.6ଶ

0.8 ∗ 20 − 0.6
0.8 ∗ (−60) =  ℎ݌݉ 70 

 
12)  A 5 ft. tall woman walks 8ft/s towards a street light that is 20ft. above the ground. What is 
the rate of change of the length of the shadow when she is 15 ft. from the street light?  At what 
rate the tip of her shadow moving? 

 
Given: ௗ௬

ௗ௧ = −8 ௙௧
௦       Asked: ௗ௫

ௗ௧ |௬ୀଵହ,   ௗ௫
ௗ௧ + ௗ௬

ௗ௧  
Since  ହ௫ = ଶ଴

௫ା௬, 5y=15x or y=3x. ௗ௬
ௗ௧ = 3 ௗ௫

ௗ௧, or −8 = 3 ௗ௫
ௗ௧  , so ௗ௫

ௗ௧ = − ଼
ଷ

௙௧
௦  for any y. 

The tip of the shadow is moving at a rate of −(8+8/3)= −32/3 ft/s.  
 


