5.

Repository of Potential Final Examination Questions

Math 130 Precalculus December 14, 2012

On actual final: no books, notes, or graphing calculators; scientific calculators permitted.
Show all work with at least four-decimal-place accuracy.

. If y = f(z) is a linear function with f(—2) =7 and f(3) = —3, find a formula for f.

. Show that the points (—8, —65), (1,52), and (3,77) do not lie on a straight line.

. Are these statements true or false? Give an explantion for your answer.

(a)
(b)
(c)
(d)

A function is a rule that takes certain inputs and assigns to each input exactly one output value.
The line 3z + 5y = 7 has slope 3/5.
The line 4z + 3y = 52 intersects the z-axis at z = 13.

If a line is increasing, any line perpendicular to it must be decreasing.

. Let A be the point with coordinates (13.5,4.5) and B be the point with coordinates (22.5,44.5).

(a)

(b)

(a)

(b)

For the line segment AB: find its length, the coordinates of its midpoint, and its slope.

i. Find an equation of the perpendicular bisector of AB. Then graph it, and plot with coordinates
both intercepts and the point on it where z = 58.

Find an equation of the circle of which AB is a diameter. Then roughly graph it, plotting and
labelling with coordinates any seven points on the circle.

Find the distance from the point (3,4) to the line containing the points (1,5) and (-2, 2).

One method might be to draw a right triangle with vertical and horizontal legs that meet at the point (3,4) so that its
hypotneuse is on the line containing the points (1,5) and (—2,2). Find the equation of the line; then use it to find the
points on the line where £ = 3 and y = 4. They are the endpoints of the hypotenuse. Since the area of this triangle is
readily found, the area can be set equal to half of the product of the length of the hypotenuse (which can be directly
derived from the coordinates of the endpoints) and the distance that is to be found. Then simply solve for the distance.
This assumes that the distance is measured along a line perpendicular to the line containng the two given points.

There is a fancy variation whereby areas are not needed. The distance d to be found is to the horizontal leg as the
vertical leg is to the length of the hypotenuse because the larger right triangle is similar to both of the smaller right
triangles, and either smaller triangle may be chosen to get the proportion. Again this assumes that the distance is
measured along a line perpendicular to the line containing the two given points.

A second method is to find the equation of tbe line and then find the equation of a line through the point (3,4) that
is perpendicular to it and derive the point of intersection. The distance of a point to a line is always the length of the
perpendicular from the point to the line. Use the distance formula on the two points.

A third method would be to take the distance from an arbitrary point on the line, calling the point (a, b), and minimize
the square of that distance. From the equation of the line, b can be replaced by ma + b. The square of the distance is a
quadratic function of a and the a that makes is smallest can be found. Finally plug that a into the quadratic equation
and take the square root of the result.

Use the information from part (a) to find the area of the triangle whose vertices are (3,4), (1,5), and
(-2,2).

6. Find the center, radius, diameter, and circumference of the circle in the zy-plane described by the equation

2 + 5z +y* — 6y = —3.

Find the coordinates of the lowest point and of all intercepts. Does this circle have any points on its graph
that lie in the fourth quadrant?

7. Graph over the real numbers y = \/—+v/—z.

State the domain, range, and the quadrants with points on the graph. Then list all points on the graph.

8. Simplify if possible; then graph y = —| — z|. Decide whether the graph opens up or down.

Plot and label with coordinates the points, if any, where x = -8, x =0,z =2,y = -8,y =0, and y = 2.
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9.

10.

11.

12.
13.

14.

15.

16.

(a) Graph on the same axes the functions y = v/2z and y = |z — 4|, sketching at least as far as z = 12.
Estimate from the graph the solutions to the equation v2z = |z — 4.
(b) Solve v/2z = |x — 4| algebraically and show that the solutions are the same.

For the function f: find the domain, range, intercepts, and the asymptotes. Then draw a rough graph
and label the intercepts with coordinates and the asymptotes with equations.

fl@)=1/(z+1)+3.

Now find f(-2), f(2), f~'(-2), and f~!(2). Then plot the corresponding points on the graph of f,
labelling them with coordinates.

Consider the fucntion defined by the formula
flz)=1/(z+1) +3.

Is this function one-to-one? Is its inverse a function?
If you answered yes to the above, find a formula for f~!(z) and use that formula to find f=1(7).

State the domain of f and the domain of the inverse of f.
Find —f(—z) for the function f(z)=x>+7.

For the function g¢(z) = 2 — 7z + 4, find

g(a) —g(=a)
5 .

Complete the square of f(z) = —3z? + 5z — 1, getting it into standard form.
Standard form is often written as a(x — h)®> +k or k(z +1t)*+r.

Find the value of  where f(x) attains its minimum value or its maximum value.
Sketch the graph of f on the interval [—1,22] (that is for —1 <z < 22).
Find the vertex of the graph of f and the equation of the line of symmetry.

Is f an odd function, an even function, neither, or both?

An object is thrown up from a balcony so that its height above ground in meters at time ¢ seconds when
t > 0 and y > 0 is given by the equation

y=—5t>+ 18t + 7.

(a) Complete the square and graph, labelling with coordinates the vertex, and all ¢- and y-intercepts
(even those where ¢t < 0). Then graph the line of symmetry and label it with its equation.

(b) How high is it initially? Does it ever get that high again. If so, when?

(c) When is the object the highest? How far above the ground is it at that moment? When, if ever, does
it reach that height again?

(d) When, if ever, does it attain a height of 20 meters above the ground?
(e) When does the object hit the ground?

Let f(t) = =5t + 18t + 7.
fE+h) = f(t)
h

(a) Find and simplify an expression for , assuming h # 0. (Answer is in terms of ¢ and h.)

(b) Let g(z) = L
92+h) —9(2)

Find and simplify and expression for 5

, assuming h # 0.
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17. Assuming that g(z) =

1532 and that h # 0, evaluate and simplify the expression

g(z +h) — g(x)
Y .

18. Find two numbers whose sum equals 120 and whose product equals 3519. Do not use a calculator.

19. A right triangle is to be drawn so that the sum of the legs is 120 cm. What’s the largest possible area?

20. A city has 4N yards of fencing to create an enclosed area in a public park.

(a) Find the largest possible area if the shape is to be rectangular. The answer will be in terms of N.
(b) Find the largest possible area if the shape is to be circular. Give answer in terms of N and 7.

(c) Which gives the larger area? By what percent does its area exceed the other?

21. Assume that 0 < p < 1. Determine the largest value that /p(1 —p) can take on.

1
22. Let f(z) = . and g(z) = /=.
True or false?

(a) The product function, the composition of f with g, and the composition of g with f are all the same.
g

(b) The inverse of f is the same as f.

1
23. Let f(z) = — .
(a) Find f (1> L and (@)
T ) f(x)J .

(b) Find and simplify the product: lf_l(x)] . lf (—)] . [—]

(c) Find f~1(f(2)).
2
4+ 5t
(a) Show that h is a one-to-one function.
(b) Find a formula for h~1.

24. Suppose h(t)

25. Let f(z) = % -3, g(z)=2*—-2, and h(z) ==z +3.

(a) If g has an inverse function, find a formula for g=!, the inverse of g.
If f has an inverse function, find a formula for f~!, the inverse of f. Is f its own inverse?

Find f(2), f~1(~6), £(0), f~*(—4), f(2v/3), and f~1(2v/3). Then explain how these results validate
your formula for f~' or support your conclusion that f does not have an inverse function.

(b) Find formulas for (f o h)(z) and for (ko f)(z). Find a formula for (f=' o f) ().

26. For the functions f(z) = % and g(z) = vz +1, find a formula for and the domain of:
(a) fog.
(b) gof.

Simplify your results as much as possible.
27. Let f(z) = 32%, g(z) =9z — 2, m(x) =4z, and r(z) =+/3z.
Simplify the composite functions:  (a) f(r(z)), (b) r(f(z)), (c) g(m(f(z))).
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28.

29.

30.

31.

32.

33.

Let f(z)=2®>+z and g(z)= ?

1—z°

-1

Find formulas for: () (£(2)), () f(a2), (@ f2), (@) g7'(@). (@) (9=)) . () flgla)).
Let g(z) = 2% —4.

State the domain and range.

Evaluate and simplify: () 2(2), (b) (9(0)) . () 9(z?), (&) Va(@), (o) o(vE), (©) gl +1)+1.

Find the domain and range of the function f defined by f(z) = log, x.

Graph it on the interval [0.0625, 32], plotting and labelling with coordinates all points with integer y. Also
plot the endpoints and label them with their coordinates.

Find the domain of the following funtions.

(a) h(z) =In(z?)
(b) g(z) = (Inz)?
(¢) f(z) =In(lnzx)
(d) k(z) =1In(z — 3)

(b =logA - B.

) 1o

(c) logAlogB log A +log B.
(d) p-log A =log AP.

(e) log/z = §logz.

(f) Viogz = log ('/?).
Suppose that a = log 2.

Find possible formulas for the following expressions in terms of a. Your answers should not involve logs.

34. Assume that logsa =14 and log,b = 3.3. Evaluate each of the following quantities.

(a) log,(2ab).
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35.

36.

37.
38.
39.
40.

41.

42.

43.

44.

45.

46.
47.
48.

49.

50.

1 2
(a) Simplify i % +log (z) “log [(%) ] “log25.  ii. 40826 _glogs3 jjj  4loga6-logy 3
. . . (1022) . . . . 4 —logz 2
iv. Simplify to an exact value 2 . v.  Simplify (exact fraction, no decimals) 9 .

(b) Solve. Then check your answer(s) in the original equation.
i. logz +1log(25 —z) = 2.
ii. log,(1 — 3z) + log, 2z = —3.
. log(z® + z* — 260z)

= 3.
log =
1 _
iy, logg(5z—21) _
logg(z — 3)

Solve, without a calculator, the equation 250P = 25, using 0.3 as an approximation to log 2.

The answer will be an exact fraction. It turns out that this result is accurate to three decimal places.
Simplify fully: In(A + B) —In (A™! 4+ B™') —In B. Assume that both A and B are positive.

Find a number b such that log, 9 = —2.

Find a number such that log,(3z + 1) = —2.

Solve for z: logy(1 — 3z) + logy z = —2.

Check each answer to show that it satisfies the original equation.

Solve for z: log,(3 — 4x) + log, (22 — 1) = —3/2.

Check all answers to show that they satisfy the original equation.
Solve for z: log, [(2z —1)% - z%] = 2.
To establish validity, check each answer in the original equation.

Solve for z: log[(3x + 1)(z +2)] = 2.

To establish validity, check each answer in the original equation.

Solve for z: logx —log(z — 1) = 1/2.

Find the answer(s) in exact radical form. Then approximate to six decimal places on your calculator and
substitute into the original equation for verification.

Solve for z:

(a) log(4.5 —2z) -logz = 0.

(b) log(4.5 — 2x) +logz = 0.
Solve for z: log(4z — 2) - log(5z — 2) = 0.
Solve for z: log(2z — 1) -log(2z + 1) = 0.
Solve for z: log[z*(xz — 4.5)%] = 2z.

Let Q(t) = 8(0.87)% give the level of a pollutant (in tons) remaining in a lake after ¢ months.
What is the monthly rate of decrease of the pollutant? The annual rate? The daily rate?

A population grows exponentially according to the formula P = 25(1.075)%.
(a) What is the initial value of P (when ¢t = 0)?

(b)

(c) What is the growth factor for one unit of time?

(d) Use logs to find the exact value of ¢ when P = 100.

What is the percent growth rate?
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51.

92.

93.

54.

55.

56.

57.
58.

59.

60.

61.

A toxic asset balance grows exponentially. Initially it was $1411.02; at time ¢ = 3 days it was $1411.37.

(a) Find an expression which gives the balance as a function of ¢ in days.

(b) Find the toxic asset balance at time ¢ = 90 days and at the end of four years (at time ¢ = 1461 days).
(c) When, if ever, is the balance $2,0007?

(d) Find the doubling time in days. Based on that, at which time in years will the balance be $11,288.167

Suppose f(t) is a function with exponential growth such that
f(1)=3 and f(2) =4.
Evaluate f(0) and f(3); and find the doubling time of f.

On July 10, 2012, the population of the United States was about 313.9 million and increasing at a rate of
0.91% per year. In what year is the population projected to reach 400 million?

A colony of bacteria is growing exponentially. At the end of 3 hours there are 1000 bacteria. At the end
of 5 hours there are 4000.

(a) Write a formula for the population of bacteria at time ¢, in hours.
(b) By what percent does the number of bacteria increase each hour?

Suppose a colony of bacteria starts with 200 cells and triples in size every four hours.

(a) Find a function that models the population growth of this colony of bacteria.

(b) Approximately how many cells will be in the colony after six hours?

Forty percent of a radioactive substance decays in five years, By what percent does the substance decay
each year?

If 17% of a radiactive substance decays in 5 hours, what is the half-life of the substance?
Find the annual growth rates of a quantity which:

(a) Doubles in size every 7 years.
(b) Triples in size every 11 years.
(c) Grows by 3% per month.

(d) Grows by 18% every 5 months.

The population of bacteria m doubles every 24 hours.
The population of bacteria ¢ grows by 3% per hour.
Which has the larger population in the long run?

The temperature 7" in degrees Fahrenheit of a potato is given by the equation
T(t) = 425 — 355e 06,
where t is the time in minutes after it is placed in the oven.

(a) Graph T'(¢t) for ¢t > 0, labelling with coordinates the points when ¢ = 0, ¢ = 10, ¢t = 60, and ¢ = 200,
and graphing the asymptote and labelling it with its equation. When ¢t = 60, how long has the potato
been in the oven?

(b) When, if ever is the temperature of that potato: 350 degrees Fahrenheit? 450 degrees Fahrenheit?
Find z in terms of @ in the right triangles:

9
11

/D []
T

2a cm V3a cm

T
a
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62. A ladder 3 meters long leans against a house, making an angle a with the ground. How far is the base of
the ladder from the base of the wall, in terms of a? Include a sketch.

63. Hampton is a small town on a straight stretch of coast line running north and south. A lighthouse is
located 3 miles offshore directly east of Hampton. The lighthouse has a revolving searchlight that makes
two revoloutions per minute. The angle that the beam makes with the east-west line through Hampton is
called ¢.

(a) Assume that the beam is pointed in a westerly direction and it is hitting the shore.

Find the distance from Hampton to the point where the beam strikes the shore, as a fucntion of ¢.
Include a sketch.

(b) Find, in radians per second, the value of w, the angular velocity of the searchlight.
64. A right triangle has legs of lengths 5 inches and 12 inches.

(a) Find the area of the triangle.
(b) A line segment is drawn perpendicular to the hypotenuse from the vertex of the right angle.

i. Find the length of that line segment.
ii. This line segment divides the triangle into two parts. Find the area of each part.

(¢) Redraw the right triangle with legs of 5 inches and 12 inches. Connect the vertex of the right angle
and the midpoint of the hypotenuse with a line segment, dividing the right triangle into two parts.

i. How long is that line segment?
ii. Find the area of each part.
iii. Find all three angles of the smaller triangle that has one side of length 5.

65. (a) Convert to radians: 330° 7x°

(b) Convert to degrees: Zmx 2 90 45 3Z

66. How far does the tip of the minute hand of a watch move in 1 hr., 27 minutes if the hand is 2 inches long?

67. The second hand of a large clock is 20 inches long.

(a) Find the angulsr velocity in radians per second and the rate of travel—in inches per ssecond—of the
tip of the second hand along the circle it sweeps.

(b) In 25 seconds, find the angle swept by the second hand and the distance along the circle travelled by
the tip of the second hand. Also find the straight-line distance between the position of the tip of the
second hand and its former position 25 seconds previous.

68. (a) What is the angle determined by an arc of length 27 meters on a circle of radius 18 meters?

(b) What is the length of an arc which is cut off by an angle of 225° in a circle of radius 4 feet?

(c) What is the radius of a circle in which an angle of 3 degrees cuts off an arc of 30 cm?

69. How many miles on the surface of the earth correspond to one degree of longitude? (The earth’s radius is
3960 miles.)

Give answer as an exact mutliple of 7.

70. An ant starts at the point (1,0) on the unit circle and walks counterclockwise a distance of 3 units around
the circle. Find the z and y coordinates (accurate to 2 decimal places) of the final location of the ant.

How could these 2-decimal answers have been estimated correctly without a calculator or trig table?

71. Let ¢ = 0.93 be an angle of the unit circle. Its sine is about 0.8.
Sketch each of these on the unit circle and label the terminal point with both of its approximate coordinates.

Do not use a calculator.

¢ T+ ¢ m— ¢ 71'/2 — ¢ 27 — ¢ 2¢ 2 (7?/2 — (b) %(ﬁ (leave this one as square roots)
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landS—W

72. Let A and B be the points on the unit circle in standard postion that correspond to 12 12

Find

, respectively.

The slope of the line segment AB.

The exact distance between A and B. (An approximate decimal will not be accepted.)
The length of the arc of the circle between A and B.
The size of the central angle AOB in degrees. (O is the center of the circle.)

e The exact coordinates of the midpoint of the line AB (radical form).
e The exact coordinates of the midpoint of the arc AB (radical form).

73. Find the area of the square formed by connecting the four midpoints of the the four quarter-circle arcs of
the unit circle. Connect the points with the four line segments that do not include the center of the circle.

74. In which quadrants do the following statements hold?

(a) sinf > 0 and cosf > 0
(b) tanf >0
(c) tanf < 0
(d) sinf < 0 and cosf >0
(e) cosf <0 and tané >0

75. For the graph of each of the following functions, state the period, amplitude, phase shift, midline, and the
coordinates of the y-intercept.

(a) y = sin(2¢)
(b) y = (sint) + 2
(c) y =2sint
(d) y =sin(t + 2)

76. If possbile, find one exact zero of each of the following functions.
(a) y = cos(t + 2)
(b)

(¢) y = cos(2t)

(d) y =cost + 2

y = 2cost

77. Graph f(t) = cost and g(t) = sin(¢t + 7/2). Explain what you see.

78. (a) The function f is an even periodic function with period 6.

Suppose that f(7/2) = 9v/3/2. Find f(117/2).

(b) Someone claims that he has a function g which is both odd and periodic with period 1, and that
9(3) =2.
Is anything wrong?

(¢) An odd function has a domain that includes 0. Find f(0).

(d) An even function is defined only for the domain [—3, 11].
Is anything wrong?

(e) Someone claims to have found a function g that is symmetric across the line y = z such that the
domain of g is all real numbers except 0 and the range of g is all reals.
Is that possible?

(f) Will a periodic function ever have a domain that has a largest value?
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79.

80.

81.

82.

83.

84.

State the amplitude period, phase shift, and horizontal shift. Without a calculator, graph the function
on the interval —32 <t¢< 1.

y = 3sin (47t + 67) .

Plot and label with coordinates all intercepts, a point where £ = L ﬁ.

51> and a point where y =

Sketch the graph of 6 cos (2:1: - g) for —n/3 <z < 7r/6.
State the range, the amplitude, the period, the fraction of the period which the graph has been shifted,
and the direction of that shift.

Plot and label with coordinates the z- and y-intercepts; all highest and lowest points; the point for which
x = 7/2; and one point for which y = 3+/2.

Find its period, phase shift, amplitude, and vertical translation; then graph carefully for —27/3 < z < 27

y:4sin(%x+g) — 2.

Plot and label with coordinates all intercepts, a point where £ = %, and a point where y = 2 + 24/3.

Suppose g<9<7r and 0059:—%.

Evaluate:

(a) sinf
(b) tan#@
(c) sec26
(d) 2sinfcosé
(e) sin26
(f) cos®@ —sin® 6
)
)

(g) sin (36)

(h) cos (3% —6).

Suppose that tanz =2/3.
Could z possibly be negative?

Evaluate:

Suppose that s is in the interval (0, 7), with tans = /5.

Find exact expressions for: (a) cots (b) secs (c)sins (d) coss (e) cos®>s —sin’s (f) sec2s
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85. (a) Find all solutions with 0 <z <7 for cosz =tanx.

(b) Graph cosz and tanz on the same axes and indicate on your sketch the points corresponding to
the solutions in part (a).

86. Without a calculator, evaluate the following exactly.
(a) cos™1(1/2)  (b) cos™!(=1/2) (c) cos(cos™(1/2)) (d) cos™* (cos(5m/3))
87. Consider the functions:  f(z) =sin"'(z), g(z) =sin(27!), and h(z)= (sinz)~l.
(a) Evaluate each function for x = 0.5. Give an exact answer if possible.

(b) Match each of the following verbal descriptions with one of the three above functions, if possible.

(A) The cosecant. (B) The arcsine. (C) The cosine (D) The negative of the sine.

(E) The reciprocal of the sine.  (F) The sine of the reciprocal.  (G) Half pi minus the arccosine.

(c) For each of functions f, g, and h, decide if the inverse is a function (whether the original is one to one).
If so, find a formula for the inverse function, including its exact domain.

88. Evaluate the following expressions in radians. Give an exact answer if possible.

(a) arccos(0.5) (b) arccos(—1) (c) arcsin1 (d) arcsin(0.1) (e) arccos (—v/3/2)
89. A tree 50 feet tall casts a shadow 60 feet long. Find the angle of elevation of the sun.
90. Find approximately the acute angle formed by the line y = —2z + 5 and the z-axis.

91. The front door to the student union is 20 feet above the ground, and it is reached by a flight of steps.
The school wants to build a wheel-chair ramp, with an incline of 15 degrees, from the ground to the door.
How much horizontal distance is needed for the ramp?

92. State the domain and range of the following functions and explain what your answers mean in terms of
evaluating the functions.

Then draw a rough graph of each labelling any endpoints, asymptotes, and intercepts. Also, for each
function describe the concavity for positive z and for negative . Which of them are increasing and which
of them are decreasing?

(a) f(z) =sin""(z)
(b) g(z) = cos™(x)
(¢) h(z) =tan"'(z)
93. One of the following statements is always true; the other is true for some values of z and not for others.
Which is which? Justify your answer with an example.

I. arcsin(sinz) = II. sin(arcsinz) = z
94. Let a be a number with 0 < a < 7/2 and let b= 7 + a.
What is
(a) arccos(cosa)? (b) arccos(cos b)?
95. Simplify the following expressions.

(a)

cos 2t
cost +sint
1 1
b
(b) 1—sin0+1+sin0
(©) cosgp —1 sin ¢
sin ¢ cosgp+1
1 1
sintcost tant

(d)
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96. Simplify to a single trig function of a multiple of .
cos? §(1 + tan 6)(1 — tan )

97. How are the expressions (tan®z)(sin’z) and tan?z —sin’z related?

sin(2x)

———— is an identity.
1+ cos(2x) Y

98. Decide whether the equation tanxz =

If it is, prove it algebraically.

If it is not, find a value of = for which the equation is false.

99. Show that
cos® 6 + cos? 0sin 6 + cosfsin? 6 + sin® 6 = cosh + sin

for every number 6.

100. Use a graph to find all the solutions to the equation
12 —4cos 3t =14

between 0 and 27/3 (one period).

How many solutions are there between 0 and 277

101. Find approximate decimal values of all solutions with 0 < ¢ < 7/2 to the equation

f(t) =3 —5sin4t

(It might be helpful first to draw one period of the graph in the first quadrant starting at ¢ = 0.)

102. Simplify to a rational number the expression:

)

103. (a) Find exactly all solutions to the equation 2cos?z = 3sinz +3 for 0 <z < 2.

(b) Sketch the graphs of 2cos?z and 3sinz+3 on the same axes, indicating on your sketch the points
corresponding to the solutions to (a).

Instead of graphing 2cos?z directly, graph an equivalent form in terms of cos2z. That version will
just be a horizontal shrink (change of period) and a vertical translation of the known function cos z.

104. (a) Solve this triangle with sides of lengths 7 and 8 and the included angle equal to 21.7867893 degrees.
Round the angles in degrees to 7 decimals. Then show that the three angles add to what’s expected.

21.7867893°

21.7867893° !
8 ? ?

(b) Drop a perpendicular from the opposite vertex to the side of length 8. The side of length 8 is now
divided into parts of what lengths?

105. Find the third side of a triangle with sides of lengths 4 and +/3 and an included angle of 7/6.

106. Find the third side of a triangle with sides of lengths 7 and 10 and an included angle of 0.48277 radians.
Retain all decimal places in the angle given, but round the answer to 4 decimal places.

107. Find the third side and the other two angles of an isosceles triangle with two sides of lengths 8 and an
included angle of 81.083204°. Round your answers to four decimal places.
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108. Find all three angles (each to the nearest one-hundredth of a degree) of the triangle with sides of lengths
16.0 m, 24.0 m, and 20.0 m.

For each angle found, state the length of its opposite side.
Then add the sizes of the three angles. Is the result as expected?
109. A central angle of 2° lies in a circle of radius 5 feet. To six decimal places, find the lengths of the arc and
the chord determined by this angle.
Which is longer? Does that agree with what is expected?



