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2017 AP Calculus Exam AB-5

AB-5

 

2017 AP® CALCULUS AB FREE-RESPONSE QUESTIONS 

5. Two particles move along the x-axis. For £ 80 £t , the position of particle P at time t is given by 

2x t( ) = ln(t − 2t + 10 )P
2v t( ) = t − 8t +Q
 15  , while the velocity of particle Q at time t is given by .

Particle Q is at position x = 5 at time t = 0.
 

(a) For 0 t 8£ £  , when is particle P moving to the left? 

(b) For 0 t £ £ 8, find all times t during which the two particles travel in the same direction. 

(c) Find the acceleration of particle Q at time t = 2. Is the speed of particle Q increasing, decreasing, or 
neither at time t = 2 ? Explain your reasoning. 

(d) Find the position of particle Q the first time it changes direction. 
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Question 5 
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2 2 10 0t t    for all t. 

 
  0 1Px t t    

  0Px t   for 0 1.t   
 
Therefore, the particle is moving to the left for 0 1.t   
 

  1 : 
2 : 

 1 : interval
Px t




 

(b)     5 3Qv t t t    

  0 3, 5Qv t t t   
 

 
 

Both particles move in the same direction for 1 3t   and 
5 8t   since    P Pv t x t  and  Qv t  have the same sign  

on these intervals. 
 

   
 1 : intervals 

2 : 
 1 : analysis using  and P Qv t v t




 

 
Note:  1 2  if only one interval with 

analysis 
 
Note:  0 2  if no analysis 

(c)     2 8Q Qa t v t t    

 2 2 2 8 4Qa        

 
 2 0Qa   and   32 0Qv    

 
At time 2,t   the speed of the particle is decreasing because 
velocity and acceleration have opposite signs. 
 

  1 : 
2 : 

 1 : speed decreasing with reason

2Qa



 

(d) Particle Q first changes direction at time 3.t   
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 1 : antiderivative
3 :  1 : uses initial condition

 1 : answer
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Part (a)

Technology Solution

x′
P (t) = 0 =⇒ t = 1

x′
P (t) < 0 for 0 ≤ t < 1

Therefore, the particle is moving to the left for 0 ≤ t < 1.
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Part (b)

Technology Solution

Both particles are moving in the same direction for 1 < t < 3 and 5 < t ≤ 8 since
vp(t) = x′

P (t) and vQ(t) have teh same sign on these intervals.

6 / 15



2017 AP Calculus Exam AB-5

Part (c)

Technology Solution

At time t = 2, the speed of the particle is decreasing because velocity and
acceleration have opposite signs.
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Part (d)

Technology Solution

Particle Q first changes direction at time t = 3.

The position of the particle at time t = 3: 23
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Problem Extensions

(1) Find the average acceleration for particle Q over the interval [0, 8].

Solution

aave =
1

8

∫ 8

0

x′′
P (t) dt

=
1

8

[
x′
P (t)

]8
0

=
1

8

[
7

29
−
(
−1

5

)]
=

8

145
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Problem Extensions

(2) Find the speed of particle P and the speed of particle Q at time t = 4.

Solution

|x′
P (4)| =

∣∣∣∣ 2(4− 2)

42 − 2 · 4 + 10

∣∣∣∣ = 1

3

|vQ(4)| = |42 − 8 · 4 + 15| = | − 1| = 1
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Problem Extensions

(3) For 0 ≤ t ≤ 8, find all times t during which the speed of particle P is greater
than particle Q.

Solution

The speed of particle P is greater than the speed of particle Q for (2.86, 3.17)
and (4.82, 5.15).
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Problem Extensions

(4) Find the total distance traveled for particle P over the interval [0, 8].

Solution∫ 8

0

|x′
P (t)| dt

=

∫ 1

0

−x′
P (t) dt+

∫ 8

1

x′
P (t) dt

= −
[
xP (t)

]1
0
+
[
xP (t)

]8
1

= −[ln 9− ln 10] + [ln 58− ln 9]

= ln
580

51
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Problem Extensions

(5) Graph the position, velocity, and acceleration functions for the particle P over
the interval [0, 8]. (Explain the relationships among the three graphs.)

Solution

xP (t) = ln(t2 − 2t+ 10)

vP (t) = x′
P (t) =

2t− 2

t2 − 2t+ 10
=

2(t− 1)

t2 − 2t+ 10

aP (t) =
(t2 − 2t+ 10)(2)− 2(t− 1)(2t− 2)

(t2 − 2t+ 10)2

=
−2t2 − 4t+ 20− 4t2 + 8t− 4

(t2 − 2t+ 10)2

=
−2(t2 − 2t+ 8)

(t2 − 2t+ 10)2
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Problem Extensions

Solution
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Problem Extensions

Solution

The position function is increasing where the velocity is positive.

The position function is decreasing where the velocity is negative.
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