AP Calculus BC — Unit 3, Part 2 Required Practice Name:

3.5 — Required Practice

#1. Arectangular storage container with an open top is to have a volume of 10 m3. The length of its base is twice the
width. Material for the base costs $10 per m? and material for the sides costs $6 per m?. Find the cost of materials for
the cheapest container.

2
#2. Find the point on the parabola X+ =0 that is closest to the point (O, —3).



#3. A farmer plans to fence a rectangular pasture adjacent to a river. The pasture must contain 245,000 square meters,
and no fencing is needed along the one side which is along the river. What dimensions will require the least amount of
fencing?

#4. Find two positive numbers where the sum of the first number plus three times the second number is a minimum, if
the product of the numbers must be 147.

#5. The rate (in mg carbon/m?3/hr) at which photosynthesis takes place for a species of phytoplankton is modeled by the

function: P = ﬂ , where [is the light intensity measured in thousands of foot-candles and P is the

I’+1+4
photosynthesis rate. For what light intensity is P a maximum?



#6. If 1200 cm? of material is available to make a box with a square base and an open top, find the largest possible
volume of the box.

#7. A right circular cylinder is inscribed in a cone with height h and base radius r. Find the largest possible volume of
such a cylinder.



#8. A solid is formed by adjoining two hemispheres to the ends of a right circular cylinder.
The total volume of the solid must be 14 cm3. Find the radius of the cylinder that requires
minimum surface area.

Formulas you may need...
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3.6 — Required Practice

#1. A particle moves along the x-axis so that its velocity attimef, 0 <7 <5
is given by v(7) =—61” +30r —36. Attime t= 1, the position of the particle is x(1) = 4.

a) Find the acceleration of the particle at any time, t.

b) Find the minimum acceleration of the particle.
c) When is the particle at rest?

d) When is the particle moving to the left?

e) Is the particle speeding up or slowing down att=1?



#2. A particle moves along the x-axis so that its velocity attime , 0 <7 <5
is given by v(7)=3(z—1)(z—3). Attime t= 2, the position of the particle is x(2) = 0.

a) Find the acceleration of the particle at any time, {.

b) Find the minimum acceleration of the particle.
c) When is the particle at rest?

d) When is the particle moving to the left?

e) Is the particle speeding up or slowing down at t = 2?



#3. The velocity of a particle moving along the x-axis is modeled by a differentiable function v,
where the position x is measured in meters, and the time t is measured in seconds.

Selected values of v(t) are given in the table.

t 5 o ;

(seconds) 0 8 | 20| 25| 32 | 40

" 3 5 (-10|-8|-4]| 7
(meters per second)

Estimate the acceleration of the particle at t = 36 seconds.

#4. If a ball is thrown vertically upward with a velocity of 80 f/s, then its height after t seconds is
given by s(z)=80r—15¢".

a) Find the velocity of the ball, v(7).

b) What is the maximum height reached by the ball?
c) What is the velocity of the ball when it is 96 ft. above the ground, on its way up? ...on its way down?



#5. A particle moves along the x-axis so that its velocity attime t, 0 <7<6 ,isgivenbya
differentiable function v whose graph is shown.

vil)

Giraph of v

During what time intervals, if any, is the acceleration of the particle negative? Justify your answer.

#6. If a ball is given a push so that is has an initial velocity of 5 meters per second down a certain inclined plane, then the

distance it has rolled after t seconds is S(t) =5¢t+3¢.

a) Find the velocity of the ball after 2 seconds.
b) How long does it take for the velocity to reach 35 meters per second?
c) What is the acceleration of the ball at 3 seconds?



#7. If a ball is given a push so that is has an initial velocity of 5 meters per second down a certain inclined plane, then the

distance it has rolled after t seconds is S(l‘) =5t+3¢.

a) Find the velocity of the ball after 2 seconds.

b) What is the average rate of change of the position of the ball over the interval 0 <¢ <3 seconds?
b) How long does it take for the velocity to reach 35 meters per second?

c) What is the acceleration of the ball at 3 seconds?



#8. A particle moves according to a law of motion where t is measured in seconds and s in feet:
s(t)=4¢ -8t +3¢ for 1>0

(Justify all responses)

a) Find the velocity at time t.

b) What is the velocity after 1 second?

c) When is the particle at rest?

d) When is the particle moving in the negative direction?
e) Find the acceleration of the particle at t = 1.5 seconds.

f) Find all the values of t in the interval 0 <¢ <4 for which the speed of the particle is 1 ﬁ
s

g) At what times in the interval 0 <¢ <4 is the particle changing direction?
h) Is the particle moving the right or the left at time t = 0.4 seconds? ...at time t = 1.3 seconds?
i) Is the particle speeding up or slowing down at time t = 0.4 seconds? ...at time t = 1.3 seconds?



3.7 - Required Practice

#1. Given f(x) =x>+2 , write the equation of #2. Does the approximation in #1 over- or

a tangent line to the curve at x = 1, and then use under-estimate the true value of f(2.2) ?

this tangent line to approximate the value of the
function at x =2.2

#3. Given f(x)=3x—x2+4

a) Write the equation of a tangent line to the curve at x = 2.
b) Use this tangent line to approximate the value of the function at x = 3.

c) Does this approximation over- or under-estimate the true value of f(3) ?



#4. a) Use the tangent line at x = 0 to approximate the function f(x) = Sin(x)

b) Use this tangent line to approximate Sin(O), Sin(O.l), and Sin(O.S)

c) For each of these approximations, what is the ‘error’ (difference between the actual function value and the
approximated value?

#5. Use a linear approximation to estimate v36.1



For #6 and #7...

a) Find the linearization of the function (find a tangent line) at the given ‘easy to compute’ x-value.
b) Use the tangent line linearization to approximate the value of the 2" x-value.

c) Is this approximation an over- or under-estimation of the actual function value?

v f(x) =x"+3x" linearization at x =—1 i f(x) = COS (x) linearization at x = %

Approximate f(—1.5) Approximate f (2)

#8. The function fis twice differentiable with f(2) =1, f'(Z) =4, and f”(Z) =3.
a) What is the value of the approximation of f(1.9) using the line tangent to the graph of fat x = 2?

b) Is this approximation an over- or under-estimation of f(1.9) ? Justify your result.



. . 1 1 1
#9. The function g is defined for x >0, with g(l) =2, g'(x) = Sln(x+—j, and g”(x) = (1——2j Cos(x—k—j.
by X by
a) Find all values of x in the interval 0.12 < x <1at which the graph of g has a horizontal tangent line.
b) On what subintervals of (0.12, 1) , if any, is the graph of g concave down? Justify your answer.
c) Write an equation for the line tangent to the graph of gat x = 1.
d) Does the line tangent to the graph of g at x = 1 lie above or below the graph of g for 0.3<x<1? Why?



3.8 — Required Practice

#1. The altitude of a triangle is increasing at a rate of 1 cm/minute while the area of the triangle is increasing at a rate of
2 cm?/minute. How fast is the length of the base of the triangle changing when the altitude is 10 cm and the area is 100
cm??

#2. A plane flying horizontally at an altitude of 1 mile and a speed of 500 miles/hr passes directly over a radar station.
Find the rate at which the distance from the plane to the station is changing when it is 2 miles away from the station.



#3. Water is leaking out of an inverted conical tank at a rate of 10,000 cm?/minute at the same time that water is being
pumped into the tank at a constant rate. The tank has a height of 6 m and the diameter at the top is 4 m. If the water

level is rising at a rate of 20 cm/minute, find the rate at which water is being pumped into the tank when the height of
the wateris 2 m.

#4. A child throws a stone into a still pond, causing a circular ripple to spread. If the radius of the circle increases at a
constant rate of 0.5 feet per second, how fast is the area of the ripple increasing when the radius of the ripple is 30 feet?



#5. A 20-foot long ladder is leaning against a wall. If the foot of the ladder is slipping away from the wall at a rate of 7

ft/s, how fast is the top of the ladder (the point where the ladder touches the wall) moving downward when the foot of
the ladder is 4 ft from the wall?

#6. The radius of a funnel depends upon height according to the function = 2%)(3 + hz) where 0 </ <10 and bothr

and h are in inches. The funnel contains liquid that is draining from the bottom. At the instant when the height of the

liquid is h = 3 inches, the radius of the surface of the liquid is decreasing at a rate of ;— inch per second. At this instant,

how fast is the height of the liquid changing?



#7. The radius r of a sphere is increasing at a rate of 3 inches per minute. The volume of a sphereis |/

sphere

= i7[]/‘3 . Find
3

the rate of change of the volume when the radius of the sphere is 9 inches.

#8. An airplane is flying at an altitude of 5 miles and passes directly over a radar antenna. When the plane is 10 miles
away from the antenna, the radar detects that the distance between the antenna and the airplane is increasing at a rate
of 240 miles per hour. What is the speed of the airplane?



#9. A 6-foot tall man walks at a rate of 5 feet per second away from a lamppost that is 15 feet tall.
a) When he is 10 feet from the base of the light, at what rate is the tip of his shadow moving?
b) When he is 10 feet from the base of the light, at what rate is the length of his shadow changing?

#10. A balloon rises at a rate of 4 meters per second from a point on the ground 50 meters from an observer. Find the
rate of change of the angle of elevation of the ballon from the observer when the balloon is 50 meters above the
ground.



Test Review for Unit 3 Part 2 Test
(recommend you also review required and extra practice for additional review)
Calculators are allowed on this test

#1. There are 320 yards of fencing available to enclose a rectangular field. How should this fencing be used so that the
enclosed area is as large as possible?

#2. A rectangular area of 10,000 m? must be enclosed by a fence. What should the dimensions of the rectangle be if we
want to enclose this area using the minimum amount of fencing?

#3. A rectangular area of 10,000 m? must be enclosed by a fence. One side of the fencing must be a high-security style
fence which costs $10/m, and the remaining 3 sides will use lower-cost $6/m fencing. What are the dimensions of the
rectangle which will minimize the cost of the fencing required?

#4. A poster is to be produced from a piece of paper with a total paper area of 180 in? with 1-inch margins at the bottom
and sides and a 2-inch margin at the top. What should the dimensions of the paper be to give the largest printed area?

#5. A particle moves along a line such that its position in meters at time t in seconds is given by S(t) =2 -5 +2¢

(Justify all responses)

a) Find the velocity at time t.

b) What is the velocity after 1 second?

c¢) Find the acceleration at time t.

d) Find the acceleration of the particle at time t = 4 seconds.
e) When is the acceleration of the particle zero?

f) When is the speed of the particle 1 Mo
s

g) At what times in the interval 0 <¢ <8 is the particle changing direction?

h) When is the particle at rest?

i) Is the particle moving the right or the left at time t = 0.4 seconds? ... at time t = 1.5 seconds?

j) Is the particle speeding up or slowing down at time t = 0.4 seconds? ... at time t = 1.5 seconds?

For #6, and #7

a) Find the linearization of the function (find a tangent line) at the given ‘easy to compute’ x-value.
b) Use the tangent line linearization to approximate the value of the 2" x-value.

c) Is this approximation an over- or under-estimation of the actual function value?

#6. f (x) =e' cosx linearization at x=0. Approximate f (0.3)
#7. f (x) = sin(sin(x)) linearization at x = . Approximate (3)

__7[,1

#8. Write the tangent line at ( 4 jfor x’ +xarctan(y) =y-1



#9. A 25-foot long ladder is leaning against the wall of a house. The base of the ladder is pulled away from the wall at a
rate of 2 feet per second.

a) How fast is the top of the ladder moving down the wall when its base is 15 feet from the wall?

b) Consider the triangle formed by the side of the house, the ladder, and the ground. Find the rate at which the area of
the triangle is changing when the base of the ladder is 7 feet from the wall.

#10. A construction worker pulls a 5-meter plank up the side of a building under
construction by means of a rope tied to one end of the plank (see figure). Assume the
opposite end of the plank follows a path perpendicular to the wall of the building and the
worker pulls the rope at a rate of 0.15 meter per second. How fast is the end of the plank
sliding along the ground when it is 2.5 meters from the wall of the building?

#11. A boat is pulled into a dock by means of a winch 12 feet above the deck of the
boat (see figure).

a) Suppose the winch pulls in rope at a rate of 4 feet per second. Determine the
speed of the boat when there is 13 feet of rope out.

b) Instead, suppose the boat is moving at a constant rate of 4 feet per second
along the surface of the water. Determine the speed at which the winch pulls in
rope when there is a total of 13 feet of rope out.

New dravwn to scale

#12. A trough is 12 feel long and 3 feet across the top (see figure). Its ends are isosceles
triangles with altitudes of 3 feet. Suppose water is being pumped into the trough at 2 cubic
feet per minute. How fast is the water level rising when the depth his 1 foot?




