
 

AP Calculus 
REVIEW FOR 3rd QUARTER MIDTERM 

 
Name  
 
Seat #   Date   

Differential equations 
In exercises 1-2, prove that  y  is a solution of the differential equation. 

1. 03'  yy ;  with  xCey 3  2. 03'3"'" 23  yxyyxyx ;  with  3Cxy   

               

 

In exercises 3-6, find the general solution to the differential equation. Can you write your solution in 

explicit form? (that is, can you solve your solution for  y?) 

3. y
dx

dy
x   

 

4. yxy 2sec'   

 

5.     01 1 223  yx
dx

dy
xy  6. 0 cos  dxydyx  

               

 

In exercises 7-9, find the particular solution  )(xfy    of the differential equation that satisfies the 

given condition. 

7. 12  y
dx

dy
,  with    01 y  

 

8. 21 y
dx

dy
x  ,  with   

2
11 y  

 

9.   0 12   dxexxdy y   with    21 y   

               

 

10. The number of bacteria in a culture increases from 5,000 to 15,000 in 10 hours. Assume that the 

rate of increase is proportional to the number of bacteria present. 

a) Write a differential equation relating the number of bacteria,  P,  and the time in hours,  t.  Solve 

the differential equation to find a formula for the number of bacteria present in the culture at any 

time  t. 

b) Use your formula to estimate the number of bacteria at the end of 20 hours. 

c) When will the number be 50,000? 

               

 

11. If the temperature is constant, then the rate of change of 

barometric pressure  p  with respect to altitude  h  is 

proportional to  p. 

a) Write a differential equation relating the barometric 

pressure,  p,  and the altitude,  h. 

b) If  p = 30 in.  at sea level and  p = 29 in. when  h = 1000 

ft, solve your differential equation to find a formula for 

the barometric pressure as a function of the altitude. 

c) Use your formula to find the pressure at an altitude of 

5,000 ft. 

               

 

SEE OTHER SIDE 



               

 

12. The temperature of a hot liquid (such as a cup of cocoa) 

decreases at a rate proportional to the difference between the 

temperature of the liquid itself and the temperature of the room 

where it is cooling off. Therefore, if the temperature of the room 

is 70°F,  T  is the temperature of the cocoa, and  t  is the time, 

we have   70 Tk
dt

dT
. 

 
a) Assume that the initial temperature of the cocoa was  200°F  and after 5 minutes it went down to 

170°F. Solve the given differential equation to find a formula for the temperature of the cocoa,  

T,  as a function of the time it cooled down,  t.  

b) It is safe to drink cocoa when its temperature is 120°F or less. How long will it take for the cocoa 

to cool down to a safe temperature? 

               

 

 

13. The wolf population P in a certain state has been growing at a rate 

proportional to the cube root of the population size. The population 

was estimated at 1000 in 1980 and at 1700 in 1990. Let  t  represent 

the number of years since 1980. 

a) Write the differential equation relating both  P  and  t. 

b) Solve the differential equation. 

c) When will the wolf population reach 4000? 

               

 

 

Challenge! The volume  V  of a melting snowball decreases at a rate 

proportional to the surface area  S  of the ball. If the radius of the ball at   

 t = 0  is  r = 2  and at  t =10  is  r = 0.5,  find an expression for the radius  r  

as a function of the time  t. Assume that the snowball is a perfect sphere. 

(Hint:  write a differential equation in terms of the radius,  r,  and the time,  

t,  and solve it.) 

 

               

 

 



 

 

AP Calculus 
REVIEW FOR 3rd QUARTER MIDTERM 
DIFFERENTIAL EQUATIONS 

ANSWER KEY 

Differential equations 
1. Since   

 xx CeyCey 33 3'    

 So:   

     03303' 33   xx CeCeyy  

2. Since  

CyCxyCxyCxy 6'''6"3' 23 

So:  

        033366

03'3"'"

3223

23





CxCxxCxxCx

yxyyxyx
 

 

3. Axy    or  Cxy  lnln  

 

4. xAey sin2   or  Cxy  sin2ln  

 

5.   Cxy  32 1ln
3

1
1ln

2

1
  or    11 3

2
3 


xAy   or    11 3

2
3 


xAy  

 

6.  xxAy tansec    or  Cxxy  tanseclnln  

 

7.  1tan  xy  

 

8. 






 


6
lnsin xy  

 

9. 2ln2 2  exxe y  

 or   2ln2ln 2  exxy  
 

 

10. 
a) ktkt ePAePPk

dt

dP
5000 ;  where  110.0

10

3ln
k  

b) t = 20 hours 000,45  bacteria 

c) 50,000 bacteria 959.205000000,50  tekt  hours 

 

11. 
a) pk

dh

dp
  

b) khkh epAep 30 ;  where  51039.3
30

29
ln

1000

1 







k  

c) h = 5,000 ft 322.25  in 

 



 

12. 
a)   ktAeTCktTdtk

T

dT
Tk

dt

dT



 7070ln

70
70  

Using the conditions:  13070200 0  AAe   and  









13

10
ln

5

1
13070170 5 ke k  

b) Set up equation:  210.1813070120  tekt  minutes 

 

13. 
a) 3

1

Pk
dt

dP
  

b) CktPdtkdPPdtPkdP 


3

2

3
1

3

1

2

3
 

  2

3
3

2

100244.4150366.6
2

3
 tPtP  

c) P = 4000    35100244.44000 2

3

tt year 2015 

 

 

Challenge! 2
20

3
44

4
3

4

4
22

23

2
















trk
dt

dr

dt

dr
rrk

dt

dV

dt

dr
r

dt

dV
rV

rk
dt

dV

 

 

 


