PHYSICS EXAM

1. A typical flat battery is connected to various load resis-

tors and the voltage across the battery (terminal volt-
age) is measured (see Table 1).

Table 1: Measurements

Ugl/V Ripa! Q
1.26 0.505
2.25 1.33
3.69 8.20
3.99 16.2
4.19 32.0

a. Using the measurements, determine the current-ter-
minal voltage-characteristic (Ip-Up diagram). Draw
a well fitting straight line through the points.

b. Determine the functional relation of the approxi-
mate linear function. What is the open circuit volt-
age?

c. What is the internal resistance of the battery?

d. Maximum Power Point. For which terminal voltage
does the electrical power in the load resistor reach
the maximum value? (Hint: Solve the problem
graphically.)

. A small electric pump is connected to a real battery
with a (constant) internal resistance of 1.2 Q. There is a
resistor in the circuit with a (constant) resistance of 2.0
Q. The open circuit voltage of the battery is 4.4 V. In
steady-state, a volume current of 1.0-10~* m%/s is mea-
sured as well as a pressure difference of 1.0-10* Pa
(across the pump). The voltage across the load resistor
is2.02 V.

a. What is the electric current through the circuit?
b. What is the voltage across the pump?

c. Determine the hydraulic power of the pump.

d. What is the efficiency of the pump?

3. Water begins to flow in a thin horizontal hose. (The

hose is the outflow at the bottom of a water tank.) In the
diagram, measured data are given for the volume flow
as a function of time. The hose has a length of 1.06 m
and a radius of 4.0 mm. At the beginning, the water in
the tank is 0.43 m high.
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a. Draw the simplest and smoothest curve through the
data points which represents the expected flow of
the water. (Use the graphic included on the reverse
side). Determine the rate of change of the flow
graphically at the point 0.40 s.

b. What is the inductance of the water in the pipe and
the inductive pressure difference at 0.40 s?

c. Toward the end of the measured period, what is the
pressure drop from the bottom of the tank to the in-
let of the pipe (Bernoulli effect)?

d. The flow is turbulent and the law of flow is repre-
sented by Apg = k-IV2. Determine the resistance fac-
tor k with the help of the data.

. Two small containers, each with a diameter of 10 cm,

are filled with oil with a density of 1000 kg/m3 and a
viscosity of 0.080 Pa-s. Both containers are standing
upon a table. A pipe connects the bottoms of the con-
tainers. It has a length of 0.50 m and a radius of 3.0 mm.
Initially the oil stands 0.30 m high in the first container,
and 0.10 m in the other.

a. What is the (capacitive) time constant of the sys-
tem?

b. What are the rates of change of oil levels right at the
beginning?

c. Sketch the oil levels as a functions of time as pre-
cisely as possible (using numerical information
where necessary and possible).



SOLUTIONS

1. A typical flat battery is connected to various load resis-
tors and the voltage across the battery (terminal volt-
age) is measured (see Table 1).

Table 2: Measurements

Ugl/V Ripa! Q
1.26 0.505
2.25 1.33
3.69 8.20
3.99 16.2
4.19 32.0

a. Using the measurements, determine the current-ter-
minal voltage-characteristic (Ip-Up diagram). Draw
a well fitting straight line through the points.

b. Determine the functional relation of the approxi-
mate linear function. What is the open circuit volt-
age?

c. What is the internal resistance of the battery?

d. Maximum Power Point. For which terminal voltage
does the electrical power in the load resistor reach
the maximum value? (Hint: Solve the problem
graphically.)

SOLUTION

a. Calculate the electric current through the load resistor
and the battery:

Us
Iy = R
load
(the terminal voltage Upg equals the voltage across the load

resistor). Then prepare an /p-Up diagram and fit a linear
function through the data points.

Table 3: Measurements

UglV Ripaa! Q Ip/A
1.26 0.505 2.50
225 1.33 1.69
3.69 8.20 0.45
3.99 16.2 0.246
4.19 32.0 0.131
4.0
3.0
<
€ \
©
3 20
L
8 \
w
1.0 \
0.0 \
0 1 2 3 4

Terminal voltage / V

b. Linear function /p(Up):

A
Iy = —O.SZZVUB +3.53A

Therefore:

A
0=-0.822Upy +353A

Ugo = 3.53/0.822V =429V




ULoad

Loop rule:
Upo =Usi +Uspsa  (Usoaa =Us)
Resistance law:
Upi = RiIQ

Therefore

Rily=Ugy—Ug

A
R, _0'822VUB +3.53A |=3.53/0.822V -Uy,
R; =1.22Q

(You can choose any value for Up to get the value of R;.)

d. Calculate the power as a function of UB and represent it
in a diagram. Find the maximum value.

Table 4: Measurements

Ug/V Ip/A P 1 W
1 2.708 2.708
2 1.886 3.772
3 1.064 3.192
4 0.242 0.968
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Maximum Power at about 2.15 V terminal power. The
load resistance at this point is 1.22 W.

Formal solution:

A
P=Uyl,=Up (—0.822VUB + 3.53AJ

A
= —o.szszg +3.53A Uy

de A
=—2.0.822—U, +3.53A
dU, %
de
=0 = Ugpu =215V
dUB ’

2. A small electric pump is connected to a real battery
with a (constant) internal resistance of 1.2 Q. There is
a resistor in the circuit with a (constant) resistance of
2.0 Q. The open circuit voltage of the battery is 4.4 V.
In steady-state, a volume current of 1.0-107% m3/s is
measured as well as a pressure difference of 1.0-10* Pa
(across the pump). The voltage across the load resistor
is2.02 V.

a. What is the electric current through the circuit?
b. What is the voltage across the pump?

c. Determine the hydraulic power of the pump.

d. What is the efficiency of the pump?

SOLUTION

a. Circuit diagram:

_ ]

Q

r 1
U T : I Resistor JU
Ri ! R
: i : RLoad
|
| : Pump
Ug | 1 i Battery
| | Pump
_ _ 2
U 2.02
Iy =—2-=""ZA=101A
RLoad 0

UPump = UBO - (Rload + Ri)IQ
=44V-32-1.01V=1.17V
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3. Water begins to flow in a thin horizontal hose. (The hose s 3 s 39
is the outflow at the bottom of a water tank.) In the dia- dly/dt = 6.11-10° m°/s / 1.0 s = 6.11-107 m’/s”.
gram, measured data are given for the volume flow as a
function of time. The hose has a length of 1.06 m and a b.
radius of 4.0 mm. At the beginning, the water in the tank
. . [ 1000-1.06 k
is 0.43 m high. L, =252 o107 2
rr  1w-0.0040 m
dl
Ap, =-L, d—tV =-2.11-107 -6.11-10°Pa=-1290Pa
. 8.0E-5
£
Ehaa c. Determine the speed of the flow from the current at the
5 ] end. The current is read from the graph:
g 4.0E-5
E 2.0E-5 1
_ Lt 2
0.0E+0 ApB B 2 pv
0 0.2 0.4 0.6 ) 0.8 1 1.2 1.4 1.6
Time /s V=IV/(7L'7‘2)

_ 105/ 2 _
a. Draw the simplest and smoothest curve through the =6.68-10 / (n 0.0040 )m/s 1.33m/s
data points which represents the expected flow of the Apg =—0.5-1000- 1.33%2Pa = —883Pa
water. (Use the graphic included on the reverse side).

Determine the rate of change of the flow graphically
at the point 0.40 s. d. At the end (constant current), the inductive pressure dif-

ference is zero. Therfore, the resistive pressure difference
across the pipe is equal to the pressure difference across
the fluid column in the tank and the Bernoulli effect:

b. What is the inductance of the water in the pipe and
the inductive pressure difference at 0.40 s?

c. Toward the end of the measured period, what is the
pressure drop from the bottom of the tank to the inlet
of the pipe (Bernoulli effect)? Apg =pgh—Apg

d. The flow is turbulent and the law of flow is repre- —1000-9.81-0.43Pa — 883Pa = 3340Pa
sented by App = k~IV2. Determine the resistance fac-

Apr 3340Pa  Pa-s’ o'l Pa-s’
6

tor k with the help of the data.
p k= 2= 2 c=747-1
v (6.68:107)° m

SOLUTION

4. Two small containers, each with a diameter of 10 cm,
are filled with oil with a density of 1000 kg/m3 and a
viscosity of 0.080 Pa-s. Both containers are standing
upon a table. A pipe connects the bottoms of the con-
tainers. It has a length of 0.50 m and a radius of 3.0
mm. Initially the oil stands 0.30 m high in the first con-
tainer, and 0.10 m in the other.

a. What is the (capacitive) time constant of the sys-
tem?

b. What are the rates of change of oil levels right at
the beginning?

c. Sketch the oil levels as a functions of time as pre-



cisely as possible (using numerical information
where necessary and possible).

SOLUTION
a.
w0050 w0 o
2 pg 2-1000-9.81 Pa Pa
8nl 8-0.080-0.50 Pa- Pa-
Ry =0 _ IS 1060100 20
Tryme  7-0.0030° m m

Te =R K, =503s

b. The rate of change of height is found from the rate of
change of volume, which in turn is found from the (sum of)
the volume currents. The latter is found from the resistive
pressure difference which must be equal to the capacitive
pressure difference across the tanks (no induction, no Ber-
noulli effect).

‘}1:_|1v| > V2:_|Iv|
Apg
I | =&
)=
[Ap|=[ape| . |Apc|=pelan]
‘}1:14151 ’ V2:A2h2
Therefore
. 1 - 1 1 |Apg
h =— V,=-— I, |=— —
! nrt?znk : nrtﬁnk|V| ﬂ'rzink RV
:_ﬂ'r12 |ARPC|:_71'r12 pi'Ah|:_1'98.10_4?
tank 14 tank Vv
and

hy =1.98-107 =
S

c. The levels will meet at a value of 0.20 m. If they contin-
ued to change at the initial rate of 0.20 mm/s, the would be
equal after 500 s (time constant). After 500 s, the level dif-
ference must have decreased to 36% of its initial value.
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