
AP Calculus BC 
Section 5.3 – FTC Free Response Questions 
 

1. (Stewart – no calculator) Let ∫
x

dttf
0

)( , where f  

is the function whose graph is shown to the right. 

=xg )(

 
a. Evaluate )0(g , )1(g , )2(g , )3(g , and )6(g . 

 
 
 
 
 
 

b. On what intervals is g increasing? 
 
 
 
 
 
 
 

c. Where does g have a maximum value? 
 
 
 
 
 
 
 

d. Evaluate 2′  )(g
 
 
 
 
 
 

e. Find any points of inflection.  Justify your answers. 
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2. (Lucia – calculator)  Water is draining out of a tank at a variable rate as given by the 
chart and graph below. 

 
t 

(min) 
R(t) 

(gallons/min) 
0 0 
5 5 
10 20 
20 30 
30 15 
35 0 

 
a. Approximate the volume of water that has leaked from the tank from 0 to 35 minutes 

using a Riemann sum with a right-hand end point for the five unequal intervals 
indicated by the chart. 

 
 
 
 
 
 

b. Interpret the meaning of ∫
30

10
)(

20
1 dttR  and find its value with the appropriate units 

using the graph. 
 
 
 
 
 
 

c. Calculate )25(R′ with appropriate units.  Justify your answer. 
 
 
 
 
 
 

d. If the rate of the leak is modeled by 6.14)25.115.0sin(78.16)( +−= xxQ , at what 
time is the water leaking the fastest? 
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3. (Lucia – no calculator) Let f  by a function defined 
in the closed interval 60 ≤≤ x .  The graph of f  
consists of three line segments and a semicircle.  

Let ∫ tf ( .   +=
x

xg
2

3)( dt)

 
a. Find )1(),1( g , and )1(gg ′ ′′ . 

 
 
 
 
 
 
 
 

b. What is the average rate of change of )(xg  in the interval 6 ? 2 ≤≤ x
 
 
 
 
 
 

c. What is the average value of )(xg′  on the same interval as part b)? 
 
 
 
 
 
 

d. Identify the x – coordinate(s) of any relative extrema.  Justify your answers. 
 
 
 
 
 
 

e. Identify the x – coordinate(s) of any points of inflection.  Justify your answers. 
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4. (Lucia – no calculator)  The graph of )(tf , a continuous function defined on the interval 
43 ≤≤ t , consists of two line segments and a quarter circle, as show in the figure.  Let 

−

x
dttf

3
)( . 

−

∫=xg )(

 
a. Evaluate )0(g  and )4(g . 

 
 
 
 
 
 
 

b. Find the x – coordinate of the absolute maximum and absolute minimum of )(xg .  
Justify your answers. 

 
 
 
 
 
 
 

c. Does )(
2

xg ′′
→

 exist?  Give a reason for your answer. lim
x

 
 
 
 
 
 
 

d. Find the x – coordinates of all inflection points of )(xg .  Justify your answer. 
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1. (Stewart - no calculator) Let g(x) = !f(t)dt, where! · --- ------- -- -:-- -- ------- ----- -- --:- -- -- -- ­,	 , 
4 " :is the function whose graph is shown to the right. · --------:- --- - -- -:- ----:- --- -:- --- -:- ----:- -­
3
 

I I I I I I
 

I I I I I I
 

I I I I I I
 
• .'. _ _ _ _ _ .1. .1. .1. .'. ' _ 

I I I I I I
 
I I I I I I
 

t I I I I I
a. Evaluate g(O), gO), g(2) , g(3) , and g(6). 
2' "'" --- -- - -:- --- -:- - -- -:- --- -:- - - - -:- -­

I I I I I I
)' , , , , ,j(O)~ ~oDWdt£k=-o 3(3) ~ S~ {ttlJ±=-7 · J_~ _ _ :_ ~ _: : : : : . 
I I • I I
 

I I I I I
 
I , I I
jU) =- S~ «{lett: z. 3((pI ::-So~ftt\cU:-: 1.J{ ~ 3	 , " 

b. On what intervals is g increasing? 

j IS \nCl2k.'ASwJ:> WlM..-v\. \f = ~ (,,) Ie; r>os: Inve. 

y('{);>O (lv\. (° 3]

1

c.	 Where does g have a maximum value? 

3 l-1A--S l\ \fVW.,c IN KkY\ J\ (~) :- \t\C):=-o ~I) j Ie,,) ~(\() C~<=-3 S\~ IA.. ~~ 

rl)SI1\~T1> v)EbA1'l\.C. 'h-\LS OCCUiLS A-1 'I:.. =- '3 

d. Evaluate g'(2) 

e. Find any points of inflection. Justify your answers. 
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2.	 (Lucia - calculator) Water is draining out of a tank at a variable rate as given by the 
chart and graph below. 

y 

t R(t) 
(min) (gallons/min) 

0 0 
5 5 
10 20 
20 30 
30 15 
35 0 

R(t) ~~h :-- -, -~ -~ -,- r r -, 

,30 -, .. ,. r ._. _. -,-,- r- -, 
I J l j 

. ···-r-,- -, '····r···-r-l 

~ 20 ~ --r -' - ~ - r - : 
I	 I I ........ r I
 

I I-,- .... r-i 
! L_I 

j ! 

a.	 Approximate the volume of water that has leaked from the tank from 0 to 35 minutes 
using a Riemann sum with a right-hand end point for the five unequal intervals 
indicated by the chart. 

5(s)t1W)t·tO(30)-rtD(\~+slo) =. 5/~ Gltw)'\s. 

30 
b.	 Interpret the meaning of _1_ r R(t)dt and find its value with the appropriate units 

20 JIO..
 
using the graph.
 

to S)() Rl~cik ::: to( loCO - '3)-75) ~2-~.'7~ GAtUml mW\. -" (-\\k;\(ZA~~ RM'E U.z.-D 
10 LL-\fWS ~ IDf\) 30 

vY\ \y\\A.,~ S ~ 

c.	 Calculate R'(25) with appropriate units. Justify your answer. 

'(,..\ 1<;-30 (R	 Z,)}=IO =-LS-6M-~\V\4.-

d.	 If the rate of the leak is modeled by Q(x) =16.78 sin(0.15x -1.25) +14.6 , at what 
time is the water leaking the fastest? 

&\~) =- ~\S)( Ilg.l~} ~ (.1'5)( -1.2'5) := 0 A-1 '/.. = \~ <g05 

&\~(\() ~ -L.\')j{(\~J8') S\V\ L.\5'(-tLz"\1
 

CQ.\\C\t,805) -=. -.3/ flo L() .", ~ fV\ ~::'\l)~805
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3.	 (Lucia - no calculator) Letf by a function defined
 
in the closed interval 0 ~ x ~ 6. The graph off
 
consists of three line segments and a semicircle.
 

Let g(x) = 3 + rf(t)dt . 

a.	 Find gel), g'(l) , and g"(l). 

3LI\ =:)+ s~ ft-\l&:l: = 3-1{ ~IJ,.. '\
 

~\Ll) =- -tU)'~-2
 

0\\ll) ~ -\-tel) ~ DY\~
 

,b. What is the average rate of change of g(x) in the interval 2 ~ x ~ 6? 

~!~ ~S~~&t)-~~
 
(0-2..-	 i 

J. - '\\)2.­
q 

c.	 What is the average value of g'(x) on the same interval as part b)? 

3\~ ~ ~ ~ z
(.,

f It\&t 
~~~ ~ u­

~4(~r '~=~
 
d.	 Identify the x - coordinate(s) of any relative extrema. Justify your answers. 

~\l~)~~'f-)=-O t:\-T 'l.'.::2.
l 
t1 ~1V\.c.E SCI(.\ Goes NU't'V\ -m+ fV\ 'I<~ I 

S\bf\l ~T ~ 8w) ~ 'i~L{ IS A. ~\E Y\'\1V\ ~ 

-
\ 

- -, -
\ 

-I---t­
~ 

e.	 I~entif~the x':! coord1nate(s) of any points of inflection. Justify your answers. 

III ~ S{x.) ~ ~" bIb'" (j"lil = ·N'<\I 
+ -- + +­[ ( \ \' --l 

o ( z-3L.f " 
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4.	 (Lucia - no calculator) The graph of f(t), a continuous function defined on the interval 
- 3 ::::; t ::::; 4 , consists oftwo line segments and a quarter circle, as show in the figure. Let 

g(x) = [f(t)dt . 

a.	 Evaluate g(O) and g(4) . 

__ .__ ~_ y 

1 
·····1 

b. Find the x - coordinate of the absolute maximum and absolute minimum of g(x) . 

Justify your answers. 
5 \V\.CE J\ C\AkY\ble-"'S rl2VW\ t Q) -- )

3\Li) ~ *l~ ==-0 M 'F- -\) 2 
'fV'M.- A'r ~ =- -t .
 

1--\-1 I+-\
 S1'v\.C€ Q\ (..W(¥\&0 RUvv\ - l1l t- ( 
- 3 ~I 2 '-I 

vY\tt'Y\ A"T '(...:= 2.. 

c.	 Does limg"(x) exist? Give a reason for your answer. 
X--72 

3l~ =- ~ \ 

hVV\ .t' = i 
~~2.<\-

l \VY\ _ .~\ =-~
 
~~ 2.­

d. Find the x - coordinates of all inflection points of g(x). Justify your answer. 

l\~ a"L{) TIl ~c Sl, V\
 

~\\ ():\ "-- -\Ol L~
 

+­\ , 
-3	 2. 
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