t(minutes) | 0 4 —|9 T—15 ——20
W) 55.0 57.1 61.8 ) 67.91 71.0
| degrees F
2012 #1

The temperature of water in a tub at time t is modeled by(a strictly increasing, Jwice
differentiable function. W, where W(t) is measured in deghses Fz heilaa
measured in minutes, At time t = 0, the temperature of the water 1s 55° F. The water
is heated for 30 minutes, beginning at ime t = 0. Values of W(t) at selected times t

A v, ‘ for the first 20 minutes are given in the table above.
J 13 [~} we
0 = 1 = 20.the average temperature of the water in the tub is
S UJ(‘E) ( L se a left Riemannsym with four subintervals indicated by the data
20
20~ 0 in the table to approxima Does this approximation overestimate or

underestimate the average lempy
your reasoning.

2Lo S "ty = L\ ess) (D52 + (15 Wor8) bofd
o) 20

of the water over these 20 minutes? Explain

g'\'n\c( LU(.'&B s 'u\crtqs':mﬁ

-
+L\T"a 13 an do‘l.C['t'l'z'S'i_"mq'
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Q015 BCD‘ Johanna jogs along a straight path, For 0<¢<40, Johanna’s velocity is
given by a differential function v, Selected values of v(1), where t is measured in
minutes and v(1) is measured in meters per minute, are given in the table above.

A) Use the data in the table to estimate the value ¢f +'(16)
~200

\Il ("") = 20~ \2

(minutes) —1
[
2

i

n
(=]

=220

B) Using correct units, explain the meaning of the definite integral I:Illldtﬂdr in the
b

context of the problem. Approximate the value of K“|-.1t)|df using a right Riemann

}““ f""rl‘“b (;e ng}:iﬂdf-d(wf{d&tb # (2200 a0 + (aw2d)(

50)

04~ LHp
C) Bob is riding his bicycle along the same path. For 0=¢<10. Bob’s velocity is
modeled by B(t) = £ - 6" + 300, where t is measured in minutes and B(t) is
measured in meters per minute. Find Bob's acceleration at time t = 5,
2
B () ~3+%\2¢
B
B'(5) = 3(s) —12(S)
D) Based on the model B from part (¢), find Bob ‘@uﬁng the
interval 0< t=<10. L
0.6% Vo \!C
3 O y —1
S £3 (1430 ] { _ a4 +3004
-0
b 7 (") -2 1s)  3000) = 0
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Left and right Riemann sums

Right Rismann Sum

Left Riemann Sum

Correct justification for over and under approximartions:

Ax) Left Riemann Sum Right Riemann Sum

e o Under approximares the area | Over approximares the area
Tosisating {05 =) because f1x) is increasing because fix) is increasing

: o Over approximates the area | Under approximates the area
Dissewu F10=9) because fix) is decreasing because f{x] 1s decreasing

Iicorrect Reasoning: The left Riemani Sum is an under approvimaiion becanse the
rectangles ave all imdemeath or below the graph. Staring that the rectangles are belaw
the fintction is not acceptable mathematical reasoning. It merely resrates that ir is an
rnder approximation bur does not explain WHY.

Trapezoidal approximations

Over/Under Approximations with Trapezoidal Approximations

1x) Trapezoidal Sum
Concave Up (f"(x) > 0) Over‘:ecausel?f(:; I“h; i

Under approximates the area
because f'(x) <0

Concave Down (f"(x) < 0)
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