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t 
(minutes) 0 2 5 9 10 

( )H t  
(degrees Celsius)

66 60 52 44 43 
 

As a pot of tea cools, the temperature of the tea is modeled by a differentiable function H for 0 ≤ ≤t 10,  where 
time t is measured in minutes and temperature H (t )  is measured in degrees Celsius. Values of H ( )t  at selected 
values of time t are shown in the table above. 
(a) Use the data in the table to approximate the rate at which the temperature of the tea is changing at time 

t = 3.5.  Show the computations that lead to your answer. 

(b) Using correct units, explain the meaning of 1 10
H t( ) d10 ∫  

0
t in the context of this problem. Use a trapezoidal 

sum with the four subintervals indicated by the table to estimate 1 10
H t( ) d10 ∫0 t.  

(c) Evaluate ∫
10
H t′( ) d

0
t.  Using correct units, explain the meaning of the expression in the context of this 

problem. 
(d) At time t = 0,  biscuits with temperature 100°C  were removed from an oven. The temperature of the 

biscuits at time t is modeled by a differentiable function B for which it is known that 
B t′( ) = −13.84e−0.173t .  Using the given models, at time t = 10,  how much cooler are the biscuits than 
the tea? 

(a) ( ) ( ) ( )53.5 5 2
H HH −′ ≈

−
52 60 2.666 or 2.6673

−= = − − degrees Celsius per minute

2

  

 

 

1 : answer 
 

(b) ( )
10

0
1

10 H t d∫ t  is the average temperature of the tea, in degrees Celsius, 

over the 10 minutes. 
 

( ) ( )10

0
1 1 66 60 60 52 52 44 44 432 3 4 110 10 2 2 2 2

52.95

H t dt + + +≈ ⋅ + ⋅ + ⋅ + ⋅

=

∫ +

 

 

3 : 
 1 : meaning of expression
 1 : trapezoidal sum
 1 : estimate

⎧
⎪
⎨
⎪⎩

(c) ( ) ( ) ( )
10

0
10 0 43 66 23H t dt H H′ = − = − = −∫  

The temperature of the tea drops 23 degrees Celsius from time t = 0  to  
time 10t =  minutes.  
 

 

2 : { 1 : value of integral
 1 : meaning of expression

(d) ( ) ( )
0

10 100 34.18275;B B t dt′= + =∫   ( ) ( )10 10 8.817H B− =  
10

The biscuits are 8.817 degrees Celsius cooler than the tea. 

 

3 : ( )
 1 : integrand 
 1 : uses 0 100
 1 : answer

B
⎧
⎪ =⎨
⎪⎩
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Question 2 
 
Overview 
 
In this problem students were presented with a table giving Celsius temperatures H t( )  of a cooling pot of tea 
during selected times between t = 0  and t = 10  minutes. Part (a) asked for an approximation for the rate of 
change of the tea’s temperature at time t = 3.5.  Students needed to construct a difference quotient using the 
temperature values across the smallest time interval containing t = 3.5 that is supported by the table. Part (b) 

asked for an interpretation of 1 10
∫ H (t ) dt10 0

 and a numeric approximation to this expression using a trapezoidal 

sum with the four intervals indicated by the table. Students should have recognized this expression as providing 
the average temperature of the tea, in degrees Celsius, across the time interval 0 ≤ ≤t 10  minutes. Part (c) asked 

for an evaluation of and interpretation of 
10
∫ H ′(t ) dt

0
.  Students needed to apply the Fundamental Theorem of 

Calculus and use values from the table to compute H (10) − (0)H .  In part (d) students were told about biscuits 
that were removed from an oven at time t = 0.  It is given that the biscuits’ temperature was 100°C  initially, and 
that a function B t( )  modeling the temperature of the biscuits has derivative B t′( ) = −13.84e−0.173t .  Students 
were asked how much cooler the biscuits are than the tea at time t = 10  minutes. This was answered by taking 
the difference between the tea’s temperature, H (10) ,  as supplied by the table, and the biscuits’ temperature, 

B(10) ,  computed by 
10

B(10) = 100 + ∫ B′(t ) dt
0

.  

 
Sample: 2A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 2B 
Score: 6 
 
The student earned 6 points: 1 point in part (a), no points in part (b), 2 points in part (c), and 3 points in part (d). 
In parts (a), (c), and (d) the student’s work is correct. Units are not required in part (a) but are required in part (c). 
In part (b) the student’s explanation is inadequate. The student appears to be using the Trapezoidal Rule rather 
than a general trapezoidal sum. 
 
Sample: 2C 
Score: 4 
 
The student earned 4 points: 1 point in part (a), 2 points in part (b), no points in part (c), and 1 point in part (d). 
In part (a) the student’s work is correct. In part (b) the student refers to “the average rate of change in 
temperature” rather than the average temperature. The student presents a correct trapezoidal sum and estimate, so 
the second and third points were earned in part (b). In part (c) the student’s value is incorrect and the explanation 
contains no reference to the time interval. In part (d) the student’s integral earned the first point. 
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