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Question 2 

(a) ( )3 2.118v′ = −

The acceleration of the particle at time 3t =  is 2.118.−

1 : answer

(b) ( ) ( ) ( ) ( )
3 3

0 0
3 0 5 1.760213x x v t dt v t dt= + = − + = −∫ ∫

The position of the particle at time 3t =  is 1.760.−  

( )
3

0
 1 : 

3 :  1 : uses initial condition
 1 : answer

v t dt





∫

(c) ( )
3.5

0
2.844v t dt =∫  (or 2.843)

( )
3.5

0
3.737v t dt =∫

The integral ( )
3.5

0
v t dt∫  is the displacement of the particle over

the time interval 0 3.5.t≤ ≤  

The integral ( )
3.5

0
v t dt∫  is the total distance traveled by the 

particle over the time interval 0 3.5.t≤ ≤  

( )

( )

3.5

0
3.5

0

 1 : answers

 2 : interpretations of 3 : 

and 

v t dt

v t dt








∫
∫

(d) ( ) ( )2v t x t′=

( ) 2 1    1.57054v t t t= − ⇒ =

The two particles are moving with the same velocity at time
1.571t =  (or 1.570).

( ) ( )2 1 : sets 2 : 
 1 : answer

v t x t ′=





- ,- •• Jlltll ·•· .·· 

l" -
t ;:+ 

-

2. A particle moves aJong the x-axis with velocity given by v(r) =

The particle is at position x = -5 at time I = 0.

(a) Find the acceleration of the particle at time 1 = 3.

v'l3);-1.\\tl 

(b) Find the position of the particle at time t = 3.
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2 for timeO St S 3.5.

t - t + 3 
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I:; .i,. ... 

r3.s r3.s l I (c) Evaluate Jo v(t) di, and evaluate Jo v(t) di. Interpret the meaning of each integral in the context of

the problem. 

\
l• S 

\v(t)dt � i,itt�q I 
wnich ,� \ht di�p\aconrnt of the particle from 

t :. o to t -- , - �

\ :t.J lt\\ d t-:. 3. 7 � 7 \ , wn,ch i� r'r\t \o\n\ ch�tof\te \-'nt 9or tit\t 

\l(l1Jt\t(1 hbM t-;() tD t: 3.S 

(d) A second particle moves along the x-axis with position given by x2 (t) = t2 - t for O $ t $ 3.5. At'whal
time r are the two particles moving with the same velocity?
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. . , .. . . . . . . . . 
i 0-sin._ �-o :�t�) . .

2. A·parlickmoves -along tlie,x-ax1s w11th veloc1ty,g1ven :by ,:v(�,) = 2 for-·time O � t � 3.5. · , · · . ·.... 
· · . t -,t + 3

. : -·· ... 
Tbe:l'arlicle-is at position x = -5;at:tinie:r=· 0. 

( a) . F,ind the acceleration; of the ,particle· at time!t •=. ·1 ..
- • �- • '' � . ·,- ,I 

'i·\r{i¥,J _ 4/��1-.(/\ft:;o,,;H +�) 
;;\-'�.::.:+ f-3

(15) Find the position of the particle at time t = 3.

-� •, 
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2 2 • 

r3.s r3.s I I (c) Evaluate Jo
v(t) dt, and evaluate Jo 

v(t) dt. Interpret the meaning of each integral in the context of 

the problem . 
. ;.6 
S v(+) ·of+ -

s
'?

.'5 v[f-) r'Y\-C-4 VIS '\V-{.. 

(.) o.+ ti r.--t t =- 3 .s

r''J&: n of\ or 
i,vhuh 15 

-r,r-e rarti c(/4 
:i . SL/ 3 i,< <Ht I· 

(d) A second particle moves along the x-axis with position given by xit) = r2 - t for O $ t $ 3.5. At what
time t are the two particles moving with the same velocity?

'Xi!%); +
"l.

-t

v-z.Lt-)-:. 2-¼ olr
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2 2 .2 

10 sin ( 0.4r2) 
2. A particle moves along the x-axis with velocity given by v(t) = 2 for time O S I S 3.5. 

t - t + 3 

The particle is at position x = -5 at time t = 0. 

(a) Find the acceleration of the particle at time r = 3.

t;m\nU,b)- )..\ &.CO>l�.b )

�, 

}_.\\g 

(b) Find the position of the particle at time t = 3.
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2 2 2 2 2. 

r3.s 13.s I I (c) Evaluate Jo 
v(t) dt, and evaluate 

O 
v(t) dt. Interpret the meaning of each integral in the context of 

the problem. 

(d) A second particle moves along the x-axis with position given by xi(t) = t
2 - t for O � t � 3.5. At what

time t are the two particles moving with the same velocity?
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Question 2 

Overview 

In this problem a particle moves along the x-axis. For 0 3.5,t   the velocity of the particle is given by 

 
 2

2

10sin 0.4
,

3

t
v t

t t


 
 and the particle’s position is 5x    at time 0.t   In part (a) students were asked for the 

acceleration of the particle at time 3.t   A correct response should demonstrate that acceleration is the derivative 
of velocity and show the evaluation of  3v  from a graphing calculator. In part (b) students were asked for the 

position of the particle at time 3.t   A correct response should find the net change in the particle’s position as 
the integral of  v t  across the interval  0, 3  and add this change in position to the particle’s position at time 

0.t   In part (c) students were asked to evaluate the integrals  
3.5

0
v t dt  and  

3.5

0
v t dt  and to interpret the 

meaning of each integral in the context of the problem. A correct response should show the values of the two 
integrals obtained from a graphing calculator and convey that a definite integral of velocity gives the particle’s 
displacement, while a definite integral of speed (i.e.,  v t  ) gives the particle’s total distance traveled, across the 
time interval of integration. In part (d) students were given that a second particle moves along the x-axis with 

position given by   2
2x t t t   for 0 3.5t   and are asked for the time t when the two particles are moving 

with the same velocity. A correct response should demonstrate that the second particle’s velocity is obtained by 
differentiating its position function and proceed by solving for when the first particle’s velocity, the given   ,v t

matches  2x t  within the interval 0 3.5.t 

For part (a) see LO 2.3C/EK 2.3C1. For parts (b) and (c), see LO 3.3B(b)/EK 3.3B2, LO 3.4C/EK 3.4C1. For part 
(d) see LO 2.3C/EK 2.3C1. This problem incorporates the following Mathematical Practices for AP Calculus
(MPACs): reasoning with definitions and theorems, connecting concepts, implementing algebraic/computational
processes, building notational fluency, and communicating.

Sample: 2A 
Score: 9 

The response earned all 9 points: 1 point in part (a), 3 points in part (b), 3 points in part (c), and 2 points in  
part (d). In part (a) the response earned the point with the equation because it gives the correct answer along with 
the identification of this value as  3 .v  In part (b) the response earned the first point with the definite integral on 

the left side of the equation. The response earned the second point with the addition of 5  to that integral. The 
response earned the third point with the answer on the right side of the equation. In part (c) the response earned 
the first point with the values of the two definite integrals. The response earned both of the interpretation points as 
the two integrals are interpreted as “displacement” and “total distance,” and both reference the time interval. In 
part (d) the response earned the first point in line 1 because the right side of the equation is an expression 

equivalent to  2 .x t  The answer 1.5705t   earned the second point.

Sample: 2B 
Score: 6 

The response earned 6 points: 1 point in part (a), 3 points in part (b), 2 points in part (c), and no points in part (d). 
In part (a) the response earned the point with the equation in line 2 because it identifies the correct answer as 
 3 .v  In part (b) the response earned the first point with the definite integral on the left side of the equation. The 

response earned the second point with the addition of 5  to that integral. The response earned the third point with 
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Question 2 (continued) 

the answer on the right side of the equation. In part (c) the response earned the first point with the values of the 
two definite integrals. The interpretation of the first integral as “the position of the particle at time 3.5t  ” is 
incorrect. The interpretation of the second integral as “the total distance that the particle has traveled from 0t   
to 3.5t  ” is correct. Thus, the response earned 1 of the 2 interpretation points in part (c). In part (d) the response 

did not earn the first point because  2x t  is not set equal to  .v t  The response also incorrectly indicates “there is
not a time where the two particles are moving with the same velocity,” so the answer point was not earned. 

Sample: 2C 
Score: 3 

The response earned 3 points: no point in part (a), 1 point in part (b), 2 points in part (c), and no points in part (d). 
In part (a) the response has an attempt to use the quotient rule to find  3 .v  However, the two quantities in the 

numerator of the stated derivative are reversed and result in the negative of  .v t  This error produces an incorrect 
value of 2.118, so the point was not earned. In part (b) the response earned the first point with the integral 

 
3

0
.v t dt  Because there is no use of the initial condition, the answer is incorrect, and no other points in part (b)

were earned. In part (c) the response earned the first point with the values of the two definite integrals. The 
identifications of the first integral as displacement and the second integral as distance traveled are correct, but the 
response does not reference the time interval in either case. The response earned 1 of the 2 interpretation points in 
part (c). In part (d) the response has an incorrect equation that leads to an incorrect answer, so no points were 
earned. 
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