Problem Sheet 0
1. Bottle Calibration Problem

Ink Bottle: (f) because initially the rate of change of height with volume is constant (and the slope of the graph is constant); then the rate increases through the sloped wall section (the graph becomes progressively steeper; and finally the rate is again constant but higher (straight graph but with a steeper slope).
Conical Flask: (d) because, just like in the middle section of the ink bottle, the rate of change of height with volume is increasing since the cross-sectional area (and with it the amount of water needed to increase the height by a given amount) is decreasing. The graph must be concave up because as the cross-section narrows it does so non-linearly (proportionally to the inverse of the radius squared).

Evaporating Flask: (i) once again looking at the cross-sectional areas as an indication we see that the height change for a set volume increase, is large then small then large again in a curved line until the very end where a straight and steep section is to be found.

Bucket: (a) this graph is related to the conical flask because the slope of it is the reverse of the conical flask situation. Since the cross-section is initially small, it begins steeply and then curves to a more moderate slope and the bucket widens.

Vase: (e) since the vase is wide, narrow, and widens, the slope of the height versus volume graph is moderate then high and then moderate again, without straight sections.
Plugged Funnel: (b) the beginning of the graph is a steep straight line because the cross-section is narrow and constant. As the funnel opens up, the graph becomes less steep and concave down because the cross-section increases non-linearly.
2. Height vs. Volume graphs

These are obtained by seeing that the wider the bottle the slower the height will rise with volume.
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3. Transformations of functions and their graphs

This problem hinges on the following facts:
· shift vertically in the positive direction by a= subtract a from y
· shift horizontally in the positive direction a = subtract a from x
· reflect about the y axis (horizontally) = multiply x by -1
· reflect about the x axis (vertically) = multiply y by -1
· stretch vertically by a factor of a = divide y by a
· stretch horizontally by a factor of a = divide x by a
Question #1
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Question #3

a) 3


b) 1


c) 4


d) 5


e) 2

4. Car trip interpretation

Part A:
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 because the average speed is distance 
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 average speed is the distance traveled (position at 12 minus 



position at 6) divided by the time taken (6).

Part B:



i) the distance two hours after Gallup


ii) half the distance to Gallup



iii) the distance they were at half of the time it took to reach Gallup


iv) the distance they were at two hours before getting to Gallup


v) two miles less than the distance to Gallup


vi) the speed they were traveling at two hours after Gallup


vii) a speed two miles per hour faster than the speed at Gallup
5. Bike ride from position graph

a) On this graph, the distance from Lynn is plotted along the y axis and the time along the x axis. The graph (and thus the trip) begins at (-1, -6) which translates to six miles south of Lynn at 11am.
b) Crossing the horizontal axis means passing through Lynn. This happened at 11:30am. Crossing the vertical axis means noon. At this time the cyclist was 7 miles north of Lynn.

c) Traveling south = downward slope. This happened between 2pm and 3:15pm. Traveling north = upward slope. This happened between 11am and 12pm and again between 1pm and 2pm.
d) The cyclist is at seven miles north of Lynn from noon till 1 pm and then again at approximately 2:30 pm, so yes she does reach Salem. She gets there for the first time at noon. She comes back through it at about 2:30 pm

e) Since the slope of the graph is zero between 12pm and 1pm the cyclist was not moving. She was stopped seven miles north of Lynn for an hour.

f) Between 2:00pm and 3:15 pm she goes from being 12 miles north of Lynn to being in Lynn. This is a change of 12 miles in 1.25 of an hour. Division gives the average speed to be 9.6 miles per hour. To find the average velocity, the sign of the changes must be taken into account. The change in position 
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. The change in time is positive, so the velocity itself is negative and is 
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g) A turn around happens when the slope of the graph changes sign, and this happens at 
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, ie at 2:00pm.

h) The farthest point north of Lynn, would be the maximum value of the graph (12). So the farthest north she ever gets is 12 miles. Going south, we are looking for the minimum value = -6. Thus the farthest south she gets (which is where she began her trip) is 6 miles.

6. Bike ride from velocity graph

a) Riding south means that the velocity is negative. This occurs between 11am and 11:30am. Riding north means that the velocity has to be positive. Thus she rode north between 11:30am and 3:15pm.
b) An intercept of the horizontal axis means her velocity is zero, that is she stops. She stopped at11:30am (but only for an instant while turning around) and again at 3:15pm. The intercept of the vertical axis tells us her velocity at noon, which was 7 miles per hour.

c) Traveling most rapidly south requires the minimum velocity, which occurred at the beginning of the trip at 11:00am and was -6 miles per hour. Traveling north means the maximum velocity and that is 12 miles per hour which occurs at 2:00pm.
d) A change in direction on the part of the cyclist means a change in the sign of velocity, or in other words a crossing of the x axis. This happens at 11:30am.

e) The cyclist stops when her velocity is zero. This happened twice, at 11:30am she stopped for an instant while turning around and then she stopped at 3:15pm but the slope suggests that she did not move after that time.

f) This graph gives no indication of initial position, we are only told how quickly the rider is moving but not where she began.
g) The maximum speed is the maximum absolute value of the velocity and occurs at 2:00pm and is 12 miles per hour. The minimum speed is zero (since speed cannot be negative) and occurs twice: at 11:30am and at 3:15pm.
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