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1. The table below gives values of the velocity,  of a Inferi [An “inferi” 

is sort of like a zombie but made by the Dark Lord] at selected times. 

 

 (sec) 0 1 3 6 10 15 

 m/sec 5 1  5 10 13 

  

(a) Is there a time during 0 < t < 15, that the velocity is equal to 9 m/sec 

 Justify completely. 

 

 

 

 

(b) Find an approximation for the acceleration at time t = 2 and indicate 

units. [Show all work] 

 

 

 

(c) Show that there must be a time interval such that the acceleration, a(t), 

is equal to zero  

 

 

 

 



(d) If s(1)= 10 meters,then write the equation of the line tangent to the 

graph of s(t) at t = 1. Then use the tangent line to find an approximation 

for the value of s(1.1) 

 

 

 

(e) Use a Left Riemann Sum using the intervals indicated by the data, to 

find an approximation for 
15

0

)( dttv  [Indicate units and show all work] 
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 Dobby and Kreacher  

Two house elves move along a straight path.  For 60 ≤≤ t , the position of  

Dobby is given by the function 







= ttd
4

cos2)(
π , while the position of 

Kreacher is given by 396)( 23 ++−= ttttk  

(a) For 60 ≤≤ t , find all times during which Kreacher is moving to the 

right.   

 

 

 

 

(b) Find Dobby’s acceleration at time t = 3.   Is Dobby speeding up, slowing 

down, or doing neither at this time?   

 

 

 

 

 

 

 



 

Professor Umbridge has asked Argus Filch to once again hang a new decree 

 from the Ministry of Magic.  The ladder is 13 meters long and is leaning  

against the wall.  Those silly Weasley twins are hiding around a corner and  

using magic to slowly move the bottom of the ladder from the bottom of the 

 wall at a rate of 1 meter per second.  At what rate is the top of the ladder 

 moving down the wall when it is 12 meters above the ground? 

 

 

 

 

 

 

 

 

 

 



 

When Harry Potter was young, he got upset and “accidentally” turned his 

Aunt Marge into a balloon.  The rate of change, R,  in kilometers per hour, of 

the altitude of the hot air balloon is given by 64)( 23 +−= tttR  for time 

40 ≤≤ t , where t, is measured in hours.  Assume the balloon is initially at 

 ground level. 

 

(a) At what time(s) is Aunt Marge neither ascending nor descending? 

 

 

 

 

 

(b) At what time during the interval 40 ≤≤ t  does Aunt Marge reach 

her relative maximum height? 
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7

1
−= M

dt

dM

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
3

1
=t       













 
2

2

td

Md
M 

2

2

td

Md





3

1
=t 











  ( )tMM = 

( )14
7

1
−= M

dt

dM
 ( ) 350 =M 





























 )(tr r 



 
570

50
5

50

)(
2.0 >

≤≤
+=
− tfore

tfor
t

t

tr
t





 r  5=t 









 
 0=t  10=t 











  )1('r 



















 











 















Graph of ( )tv   

 
While sneaking through the Forbidden Forest at Hogwarts, Harry and Luna observe a unicorn 
traveling on a straight path.  The path leads from a Skittles tree to a stream.  [Unicorns eat 

Skittles.]  For 240 ≤≤ t the unicorn’s velocity is modeled by the piecewise-linear function 

defined by the graph below.  
 

    Graph of ( )tv  

 

(a)    At what times in the interval 240 ≤≤ t , if any, does the unicorn change direction?  Give a      

 Calculus-based reason for your answer. 
 
 
 
 
 
 

(b)  Find the total distance the unicorn travels during the time interval 240 ≤≤ t .  

 
 
 
 
 
 
 



(c) At what time in the interval 240 ≤≤ t  is the unicorn the farthest from the Skittles tree?  

 How far from the Skittle tree is the unicorn at that time? [You may assume that the 
 unicorn started at the Skittles tree] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(d) Write expressions for the unicorn’s acceleration ( )ta
 
, velocity ( )tv , and the position 

 with respect to the Skittles tree that are valid for the time interval 128 << t
   

     
 
 
 
 
    
 
 
 
 
 
 
   
 
 

 



(2)  Gillyweed grows [in pounds] in the lake at Hogwarts.  The rate of growth of the gillyweed is 
proportional to the amount of gillyweed.  [Note:  Gillyweed was the seaweed-like herb that 
Harry Potter ate in order to be able to breathe underwater during the Tri-Wizard Tournament.] 
 
(a) Find an expression for G, the amount of gillyweed in the lake [in pounds], in terms of t, 
 the  number of years, if the amount of gillyweed is 100 pounds initially and 120 pounds 
 after one year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) In how many years will the amount of gillyweed available be 300 pounds? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
(c) Find the derivative to the function you found in part (a) and use it to write the equation of 
 the tangent line to G at the point (0, 100).  Then use the tangent line equation to predict 
 the value at t = 1.  Was this an over- or an under-estimate?      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[In the book, Dobby gives Harry the gillyweed – in the movie, Neville does] 

  
 
 
 
 
 
 












     





     





     10− 





 



 












  dttv
120

0

)(  dttv
120

0

)( 













  1200 ≤≤ t 










  1200 ≤≤ t 










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 
4
39 

 ( )
2

sin224)( ttF += 

300 ≤≤ t 















 
 

 




        





        











   

    








 ( )tr 

 t 


  0=t  5=t 

 











(b) Is the number of people waiting in line to buy tickets increasing or decreasing between 

 2=t  and 4=t ?  Justify your answer. 

 

 

 

 

 

 

 

 

 

(c) At what time t is the line for tickets the longest?  How many people are in line at that 

 time? Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 



   










 ( )xxy 2sin12 += 











 ( )xxf π2sin)( = 











 ( )xxg π4cos)( = 




















x

x
xh

cot

4
)(

4 +
= 




















( )x

x
y

π2sec

13 +
= 






















( )
( )xg

xf
xh

11

20
)( = 

















 ( ) )()2()5()2()5()( 32 thtgtgththtgtf +−= 

















 
dx

dy


( ) yxyx =cos 





















 



































 min/9 3cm 


 















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