t(minutes) (0 & . 9 15 20
Wi(1) 55.0 ( 57.1| 618 1 67.9 | 71.0
_degrees F |

2012 #1

The temperature of water in a tub at llmt. L 1s modeled by vicc
differentiable function, W, wherg\) s measured in degrées++4 eitand t 18

measured in minutes, At tima(t = 0, the temperature of the water is 55 F. The water
18 heated for 30 minutes, beginning at ime t = (0. "Valtues of W(l) at selected imes t
for the first 20 minutes are given in the table above.

) For 0 < ¢ < 20.the ayerage temperature of the water in the tub is
1 p2 g Gk o i T
—OI W(f)dt. Use a left Riemann sum with four subintervals indicated by the data
]

in the table to approximate -,11—0 J ) W(t)dr. Does this approximation overestimate or
() Jo bbb gt

underestimate the average temperature of the water over these 20 minutes? Explain
your reasoning.

\ 20 i, » i lS%fHYﬁ’f
W)t = (Ll'dsm(q a (- m\(ﬂ.

ynderestimale L’IC W)
(5 5ﬁ]c“u\imrwﬁih’)
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!
(minutes)
v(r)

(melers per minute)

2015 BC3: 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 ( is measured in
minutes and v(t) is measured in meters per minute, are given in the table above.

A) Use the data in the table to estimate the value of +'(16)

1 b 9-"'“)"" RDD
vy s -
20-12
B) Using correct units, explain the meaning of the definite integral J:_m |v{r][df in the

Yo
lg V&) = sl&)

e L1
oy, context of the problem. Approximate the value of -[ [v(£)|dt using a right Riemann
n ek o : s . ;
Meters sum with four sub-intervals indicated in the table.

S:'D\\f(‘ﬁw\’i‘t = T!l\f, btal distanit Jgrﬁnl{.\(ﬁ I “E'lﬂ-f')'

from O& 4 EUDminyles.
L[t 5;10(" (Dldt = (,_w_;,_h(mb4¥:u4-no)(_;;.)\Jf(zo—;:.)[mm@u){im

C) Bob 1s rding his bicycle along the same path. For 0=¢<10. Bob's velocity 1s
modeled by B(t) = 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.

lo\/5 Bl(‘ﬁ):g‘tz"n_{'
\ B! (5) o 3(5)1—' \2(3\

D) Based on the model B from part (¢), find Bob @ uring the
interval 0<r <10,

_ 3% ik Rl T
RE) =4 3 (5300 mfo@ Lt 4300)d

I i 2%3+300ﬂ
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Left and night Riemann sums

Right Rietnann Sum

Left Riemann Sum

Correct justification for over and under approximanions:

fix) Left Riemann Snm Right Riemann Sum
E —— Under approximates the area | Over approximates the area
Tssating (70 =1) because flx) is increasing because Aix) is increasing

" ot Over approximates the area | Under approximares the area
Desvensug ()< 0) because fix) is decreasing becanse fix) 15 decreasing

Incarrect Reasoning: The left Riemann Sum Is an wder approximation because the
rectangles ave all indermeath or below the eraph. Stating that the rectangles are belaw
the finetion s not acceptable mathemailcal reasoning. It merely restates that it iy an
rndey approximation bur does not explain WHY.

Trapezoidal approximations

Over/Under Approximations with Trapezoidal Approximations

fx) Trapezoidal Sum

Concave Up (f"(x) > 0) Over';emu;;;lrlf:{t:; :Ehg e

Under approximates the area
because £ "(x)< 0

Concave Down (f"(x) < 0)
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