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Marking scheme
Points are given for any correct solution

Problem 11
Bicycle pump

Nr.
item

Task, No. 1

Point

1.a.

For:

expression of number of moles of air, initially found in the tire at atmospheric
pressure p, and at T

_ Po 'Vr

Vinitial = —R T,

0.20p

expression of number of moles of air pumped inside the tire at each pumping
cycle.

v =P0‘Vp
° R-T,
pO'Vr

Vg =—>——
R-T, N

0.20p

expression of the number of moles of air, v, that are within the tire after the

student pumped air k times using the pump with the hand operated piston
Vie = Vinitiart T K- Vg

0.20p

b PoVe (1K
R-T, N

0.20p

0.80p

1.b.

For:

expression of the air pressure p, within the tire, after the student pumped air k

times
PV, =vi-R-Ty

0.20p

N+ k
N

Py =P -

0.20p

0.40p

1.c.

For:

isothermal transformation law applied to the air found in the bicycle pump

|74
Py ‘er Py 'S'(E_Xkﬂ)

0.20p

0.20p

0.40p
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1.d.

For:

v
Po 'ﬁr: p(x)-

k-t
N +k

v,

N.g'(f_x)’ for 0<x<

0.20p

k-¢
N + k

P(X)'[Vr +(g_x).l\\l/f£}=pk+1-\/, , for <x</ 0.20p

Po 0<x< k-t

(1_xj ’ N +k
‘ 0.20p

po-(N+k+1) k-t .
(Ne1)- X Nk

X</

0.60p

1.e.

For:

p'(x)= po-(N+k+1)t k-t _

{(N”)‘ﬂz " N+k

Observation: First-order derivative of the function p(x) is positive over the entire
range of definition

X</ 0.20p

Po/! :Po'(N+k)2

] k 2 €N2
N+ k

_po-(N+k+1)/t _ py-(N+kf 0.20p
xT? 0-N?-(N+k+1)
BN+ﬂ—£}

ps' (xi)=

Pd'(xk)

Observation: Left and right of the point where the valve opens, the pressure shows
an angular point.

2
ZPO/K3 ) 0<x< ket
1 X N+ k
L

2p0.(N+k+1)3/€2 AI/(-fk<X£€ 0.20p
[(N+1)—ﬂ ’

Observation: Second-order derivative is also positive on the whole range of
definition.

p"(x)=

H

0.80p
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P/Ppa
pkH/pD_ .............................................
T
1.4
N=20
L 0.20p
1,2
Xielt /£
Wo oz o o8 oe 10 M4
Observation: Graphic representation refers to the 11-th pumping cycle for N = 20
Nr. Task No. 2 Points
item )
2.a. | For: 1.20p
P i< N-Pg <Py, 0.20p
N + k,
Px, = Po - N 0.20p
ko >N-(n-1), 0.20
k, number of pumping cycle is a natural number <P
k, =N-(n—1), if N-(n—1) is a natural number
or 0.60p
ko =[N-(n=1)]+1, if N-(n—1) is not a natural number
2.b. | For: 1.20p
find the work that the student needs to do on the v, mole of air, evolving
isothermally from pressure p, to pressure p, _,
0.20p
LK,IZV‘] RTO /nh
Po
Po -V, N+k-1
L = L.In 0.20
KITTN N P
expression of the work that the student needs to do on the v, mole of air, evolving
isothermally from pressure p,_, to pressure p,
0.20p
LK,”:Vk 'R'TO 'ln pk
P
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L po-v,-(N+k)_m N +k
ol N N+k—1

0.20p

expression of the total work that the student needs to do, during the k pumping

cycle.

Ly totar=Lk Lk y

po -V, '/nN+k—1+p0-V,-(N+k)‘/n N +k

Eroa ="y N N N+k—1
Ly =PV -[lnN+I\l;_1+(N+k)-lnM}

N N+k-1

0.20p

expression of the total work that the student do from the moment he

pumping till the moment when the pressure inside tire is n- p,

. N-(n-1) _
Ltotal:po Vr i |:/n—N+k 1+(N+k)ln—N+k :|
N
k=1

N N+k-1

starts

0.20p

Nr.
item

Task No. 3

Points

3.a.

For:

number of air moles within the tire after kK =10 pumping cycles

0.20p

0.20p

3.b.

For:

value of the air pressure within the tire after 10 pumping cycles

N

0.20p

0.20p

3.c.

For

For:

number of cycles needed for the air pressure within the tire to reach the value

n.p, |k=[20-(251-1)]+1
k, =31

0.20p

0.20p

3.d.

For:

value of the work that the student has to do during the 10th pumping cycle

101.10° NZJ (7.00-10°m?)
m
L 10, toter = 20

L 10, torar = 491J

. ln§+30-ln@
20 29

|

0.20p

0.20p
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Nr. .
item TM&WO. 4 POIntS

4.a. | For: 0.80p

expression of partial pressure p,,, (TO) of air inside the tire

{paer (TO ) =p- ps,O 0.20p
Paer (TO ) =2477- Po

Paer (7-1) = Paer (TO ) ’

Paer (7-1) =27229. Po

=

0.20p

{p1 = paer(T1)+ ps,1 0 20p

py =2,235- p,

The value of the pressure inside the tire in specified conditions of use

py =2,257 x10°N - m™ 0.20p

4.b. | For: 1.20p

expression of the concentration ne* of nitrogen molecules in the room where the
tire is kept

0.20p

expression of the concentration n;

; of nitrogen molecules in the tire

A A= 0.20p

expression of the density of the flux of molecules Ne* coming from all directions,
from outside the tire

Ng -V 0.20p
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expression of the density of the flux of molecules N,-* coming from all directions,
from inside the tire

N =251.—.n -v 0.20p

4 7-O R 7T Hazot

expression of the number N, of nitrogen molecules falling onto the surface of
pinhole in unit of time coming from all directions, from inside the tire

0.20p

1
27 " Hazot ‘R 'TO

N, :2,51.1.&.M.s. 8R-T,
4 TO R 7T Hazot

NI:2,51'p0‘NA'S'\/

expression of the number N, of nitrogen molecules falling onto the surface of
pinhole in unit of time coming from all directions, from outside the tire

0.20p
Nezl.&.ﬂ.s. /SR_TO Ne=Po'NA‘S‘\/ 1
4 TO R 7T+ Hazot 2z " Hazot ‘R 'TO

4.c.

For:
expression of the number of nitrogen molecules falling onto the surface S of the
small orifice in time df coming from outside the tire
Ne :S'Ne -dt 0.20p

e=—'—'—‘V'S'dt
4 T, R

expression of the number of nitrogen molecules falling onto the surface S of the
small orifice in time df coming from inside the tire depends on pressure

]

1 . _
N-zz-n(p)-v-S-dt 0.20p

p-V
R.

number of molecules inside the tire N = N, 0.20p

CD\| =

expression of the variation of numbers of molecules inside the tire

dN = N(t +dt)-N(¢)

_ Ve Ny _
N="p (ot +at)-p(t)
_Vr'NA_
" R-T,

0.20p

an dp

aN =N, -N, 0.20p

1.80p
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V.-N, 1 py Ny — p N, _
r d ——-—0~—A-V-S dt————AVS at
RT, P41 R T. R 0-20p
o] 1v-S
P T2t 0.20p
(p-po) 4V,
1,10-p, _ t
dp__ 1 v-S S.jdt t, =2V 10154 0.20p
2,51.p, (p - po) 4 Vr 0 v-S
t. =159x10"s
0.20p
t: =4,40re
TOTAL Problem I1 10p
© Marking scheme written by:
Prof. dr. Delia DAVIDESCU
Conf. univ. dr. Adrian DAFINE]
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