Sample Midterm
Questions

Math 125A
Nathan Grigg

There may of course be problems on the midterm that are not similar to any o
these. The midterm will be about 4-5 pages long.
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1. A particle is moving along a straight line with acceleration a(t) = —2sin(t). At time
t =0, its velocity is vp = 1.

(a) (5 points) Find the velocity v(t) of the particle as a function of time t.

(b) (5 points) What is the total distance travelled by the particle from time ¢ = 0 to time
t=m?
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2 2

2. (a) (5 points) Find the indefinite integral /xe”” sec?(e”) dz.

ve 1
(b) (5 points) Evaluate the definite integral / cos(r Inz) dx.
1

T
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3. Consider the region in the zy-plane enclosed between the curves y = 2y/z and y = x.

(a) (6 points) Find the area of this region.

(b) (4 points) Express the volume of the solid of revolution obtained when this region is
rotated around the vertical line x = —1 in terms of a definite integral with respect to x.
DO NOT EVALUATE THE INTEGRAL.
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4. Consider the region in the zy-plane between the lines = 0 and x = 1, above the
r-axis, and below the curve y = 4/sin™*(z).

(a) (4 points) Express the volume of the solid of revolution obtained when this region is

rotated around the z-axis in terms of a definite integral with respect to z.
DO NOT EVALUATE THE INTEGRAL.

(b) (6 points) Express the volume of the solid of revolution obtained when this region is
rotated around the z-axis in terms of a definite integral with respect to y, and evaluate
that integral.
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5. A rocket is taking off, going straight up. At time ¢, its height s(¢) is given by the

formula
it
s(t) = Viasin?z +1 dz.

0

(a) (5 points) Estimate the height s(1/2) of the rocket at time ¢ = 1/2 by using a right-hand
Riemann sum with n = 3 equal subintervals.

(b) (5 points) Find the velocity v(t) of the rocket as a function of time t.
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(12 points)  Compute the following integrals. Give your answers in exact form.

82x+5d
L 2

(a) (4 points)

sint
1+ cos?t

(b) (4 points) /07r

(c) (4 points) /y?’\/y2 —Tdy
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(10 points) A model car travels along a g

straight track. Its velocity is given by the
2

mt
function v(t) = sin ?>, where ¢ is in seconds

and v is in feet per second. Use the Midpoint ‘ : : : :
Rule and n = 6 to estimate the total distance
traveled by the car between t = 1 and t = 4
seconds.

2 —4x
(6 points)  Let f(x) = / eV dt. Find the interval on which y = f(z) is increasing.
0
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(10 points) Compute the total area bounded
by the curves y = 22 and y = 2% — 622 + 10z.
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(12 points)  Let R be the region in the first quadrant bounded
9
by y = — and y = 13 — 4x. Set up the following integrals.
x

DO NOT EVALUATE.

(a) (6 points)  Set up an integral that computes the volume
of the solid generated by rotating R around the z-axis using
the method of washers.

(b) (6 points) Set up an integral that computes the volume of the solid generated by
rotating R around the line z = —2 using the method of shells.
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$2z 45 ® . 1/3 ~2/3 3 a/3 st _ 75
1.(a) 137\/de:/1 253 + 5z /da::?n/ + 152/ 1:—

) T gint | Lt
(b) Let uw = cost so du = —sint dt. Then/ 7d/t:—/ ——du= —tan " t| =
o 14 cos?t 1 142

1

1
(c) Let v = y* — 7 so that dv = 2ydy and 2> = v + 7. Then /y?’\/y?—?dy = 5/(U+7)\/5dv =

1 1 1
5 /v3/2 + 702 dy = gv5/2 + gv?’/z +C = g(y2 —7)%/% 4 g(y2 -7 40

2. At = % and the t-coordinates of the midpoints are 7, 1,3, 4, 5> - Lhe function v(t) is positive at

the first 4 values and negative at the last 2. Thus the total distance is

[0 o) o)+ (5) ()] s

3. By the Fundamental Theorem of Calculus, f(z) = (2z—4)eY* ~**. This is defined when z2—4x > 0,
that is x > 4 or < 0. Since ¢* > 0 for any u, the derivative is positive if it is defined and if 22 —4 > 0.
Thus the function is increasing when = > 4.

4. Solve 2% = 2% — 622 + 10z to get = = 0,2, 5. Then compute

/02 (x3 — 622 + 103:) - (x2) de — /25 (a;3 — 62+ 103:) - (x2) d = % ~ 21.083.

9
5. For both parts you need to solve — =13 —4x. This gives 423 — 1322 +9 = 0 which is hard to solve
x

by elementary methods. Guessing and checking, you find that z = 1 is a solution. Using long division,
you get 42° — 1322 + 9 = (z — 1)(42? — 97 — 9). The quadratic term has roots z = 3, —3. So the limits
of integration are x = 1 to 3.

(a) 7r/13 (13—437)2— (%)2 dx
(b) 27r/13 (a:+2> (13—4:1:—%) dx
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1. Find the average value of the function f(z) = sin™"(z) on the interval 0 < z < 1.
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5. The region in the zy-plane between the lines £ = 1 and z = 3, above the z-axis and
below the graph of y = Inz, is rotated around the y-axis. (Note: around the y-azis)

(a) (3 points) Express the volume of the solid of revolution as a definite integral with
respect to z. IN THIS PART, DO NOT EVALUATE THE INTEGRAL YET.

(b) (7 points) Evaluate the integral in part (a) to find the volume of the solid of revolution.



5. a) Sals V= f:’ Wix Hdx = ff,szn'x&wobc = 1'Bl'f mexobc]

3
B) Tnegmie by parts uslux  dvexdx = m[ X Qme - S ’g_ -é ]
Al.l='§°\x- (VS Xl‘/!’ e / w—-&

=2u-[-qﬁn3 - %L ]
car[Lens - 2] = [T (303 -9
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(7 points) A bag of sand originally weighs 160 lbs. It is lifted at a constant rate of 4 ft/min.
The sand leaks out of the bag at a constant rate so that when it has been lifted 20 ft only
half the sand is left. How much work is done lifting the bag 20 ft?



3. Ignore the weight of the rope. Let y be the height of the bag. Then y = 4t feet after ¢ minutes. Let

F(t) be the weight of the bag after ¢ minutes. We have F'(t) = 80 when y = 20. This is when 20 = 4t

or t = 5 minutes. Since F'(0) = 160, the bag is losing 80/5 = 16 Ibs/min. Thus F(t) = 160 — 16t and
20

F(y) =160 — 16(y/4) = 160 — 4y. Therefore the work is given by 160 — 4y dy = 2400 ft-1bs.
0



