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1. On the 2nd storey of Bugis Shopping Centre, the floor plan is as shown.   

a) What is meant by pressure of 2.0 kN/m2 ? 





[1]

2000 N of force acts per area of m2

b) On average, a human has mass 55.0 kg. Taking g as 10.0 N/kg, determine how many humans are allowed to stand on the 2nd storey that can take pressure of 2.0 kN/m2 ? The floor area is 10.0m by 4.00 m on the 2nd floor. 



[2]

weight = mg = 55 x 10 = 550 N 
Pressure = force / area ; Force = Pressure x Area = 2000 x (4 x 10) = 80 000 N
number of humans allowed = 80 000 / 550 = 145.5 = 146 

c) Based on the number calculated in part b), usually the management would allow  70% of this number of people to be on the 2nd floor. Suggest why it is dangerous to allow the exact number calculated in part b) of people on the second storey?
[1]

* humans may not stand in a manner uniformly distributed all area, some region may be more crowded, leading to Pressure over the limit. 
* not  every human is 55 kg 
2. [Basic Level]
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Diagram is not drawn to scale. Density of Hg : 13 600 kg/m3 . G = 10.0 N/kg. X is vacuum. In practice, there is a slight pressure due to mercury vapour in X. But in this question, take X as a vacuum. 

(a) What is the atmospheric pressure measured by the barometer shown ?


[1]

Answer : ______74 _____cm Hg

(b) The pressure in X difficult to be maintained at exactly 0 Pa . Where does the mercury vapour come from? 










[1]

from evaporation of mercury surface below region X 

(c) The mercury level in tube B has been left out in the diagram. On the diagram, mark the mercury level in B, assuming that there is a gas at the top interior of B, having a gas pressure of 10 cm Hg. Indicate clearly the height of this level.



[2]

(d) Is the pressure greater at Y or Z ? 
______Z_______




[1]

(e) State the pressure difference at Y and Z, in cm Hg.   ____24 cm Hg______

[1]

(f) Calculate the pressure difference at Y and Z, in Pa. 




[1]

0.24 x 13 600 x 10 = 32 640 Pa


   









Answer : __________

(g) On the diagram, mark with an “X”, a point where pressure is 10 cm Hg. 

[1]
3. A stool is 300g. G=10.0 N/kg. The stool can be placed in 2 positions on the floor as shown. 








The top of the stool is a circular plate with diameter 40.0 cm. The base area of each leg touching the floor is 9.00 cm2. 

a) Calculate the minimum pressure due to weight of the stool acting on the floor. [2]

Pressure = force / area = 3 N / ( 0.22 = = 23.9 Pa



   








Answer : __________ 

b) Calculate the maximum pressure due to weight of the stool acting on the floor. [2]

Pressure = force / area = 3 N / (2x9x0.01x0.01)  =  1670 Pa (3 sig fig)



   








Answer : __________


4. Both tubes have vacuum at the top interior regions . 









The Right Hand Side tube has twice the cross-sectional area of the tube on the left. Mark the approximate mercury level on the RHS tube. 



[1]








5. Assume that atmospheric pressure is 76.0 cm Hg and g = 10.0 N/kg. 





















(a) What is the pressure of the gas J ? 
_____56 cm Hg______


[1]

(b) Gas J is heated until its pressure increased by 20%. Determine how much the mercury level on the left hand side tube would shift. State whether the mercury on the left tube rises or descends. 







[2]

20 % Increase= 0.20 x 56 cm Hg = 11.2 cm Hg
Hg on left tube would drop by 11.2 /2 = 5.6 cm 

(c) [standard level 1 question] 
Explain, in terms of molecules, why the gas J increases in pressure as it is heated. Assume that the volume of gas J  is maintained constant. 



[2]




as gas is heated, gas particles / molecules move faster. The gas molecules hit the walls with greater speed and higher frequency, exerting a larger force per unit area of the wall. Therefore higher pressure. 

The atmospheric pressure is 101 000 Pa. Sea water has density of 1150 kg/m3. G = 10.0 N/kg. A fish releases an air bubble at 20.0 below the surface of the sea. 











(a) Calculate the pressure acting on the air bubble at 20.0 m deep. 


[2]

Pressure = h( g + Patmos = 101 000 Pa + (20 x 1150 x 10) Pa = 331 000 Pa


(b) The air bubble initially has a volume of 25.0 cm3. As the air bubble rises to the surface of the sea, the volume of the air bubble changes. Calculate the volume of the air bubble when it just reaches the surface of the sea. 




[2]

P1V1 = P2 V2 ; 331 000 (25) = 101 000 (V2) ; V2 = 81.9 cm3




(c) What is the assumption made in part (b). 





[1]

constant temperature


(d) Comment on why the assumption is not valid in the actual sea condition.
[1]

the deeper part of the sea should be colder than the upper part of the sea 



(e) Based on your calculations, draw to scale, the size of the bubble when it rises to just below the sea surface. 







[1]



(D2 / D1) 3  = (81.9 / 25)   

D2 / D1 = 1.49 ; D2 = 1.49 D1

A suction cup is used to lift a glass plate. 
















The lifting cable is attached to the lifting machine. The pressure in the cup is below the pressure outside the cup. The atmospheric pressure outside is 100 000 Pa. G = 10.0 N/kg. 

a) Draw and label the forces acting on the glass. 




[*4]









b) The cup area on the glass is 0.0500 m2.  Calculate maximum Pressure of Pi. so that cup can lift glass. 





  


[2]









Downward force = weight + Pressure (interior) x area 
Upwards force = Pressure (atmos) x area 

Downwards force = upward force 
500 N +   Pi (0.05) = 100 000 (0.05) ; Pi = 90 000 Pa
c) [Level 2 Thinking Question] .Explain briefly why the cup cannot be used to lift plates that do not have smooth surface. 








[2]

air will escape into cup, causing interior to be at atmospheric pressure . Upward force cannot balance downward force 



d) [Level 2 Thinking Question] All above calculations are based on the assumption that the wall of the cup is thin. Why is this assumption necessary? 



[1]
there is no interior gas exerting pressure along the thickness of the cup, but there is external air pressure exerting pressure along the thickness of the cup


8. Jing Yi says that her vacuum cleaner is very powerful. She claims that the machine has very high sucking force. 















[level 2 ; fun thinking question ]
Explain why it is not right to say that the cleaner machine sucks/pulls in the tissue paper ? 











[2]

there is no force that pulls the rubbish inwards , the atmospheric pressure pushes the tissue inwards 
Pupil’s Feeling ( : 

mercury





48.0 cm





Z





Y





24.0 cm





X





10.0 cm





B





A





14.0 cm





74.0 cm





mercury





Gas J





50 cm





100 cm





air





sea





20 m 





Glass , 50.0 kg





Lifting cable





Pi





Po





Cup area





glass





Top View





Side View





Air in 





Air Out 





Tissue paper





X





10 cm





10 cm





Force (gas)





Force (atmospheric)





weight





Contact reaction force








mrgui/FunTestPressure.doc
                                   1

