
 

Semi-final (EN) 

03.02.2026 

Instructions: 

• Write your full name and school on each sheet. 

• Clearly indicate which sub-/question you are answering. 

• Start a new question on a new sheet of paper. 

• Explain your reasoning and indicate intermediary calculations. 

• Number your pages. 

 



Formulae 
	

Kinematics (UAM) 
𝑥 = !

"
𝑎𝑡" + 𝑣#𝑡 + 𝑥#  

𝑣 = 𝑎𝑡 + 𝑣#  

𝑣" − 𝑣#" = 2𝑎(𝑥 − 𝑥#)  

Forces 
𝐹 = 𝑚𝑎  

𝐹$ ≤ 𝜇𝑁  

Work, Energy, Power 
𝑊 = 𝐹𝑑 cos 𝜃		

𝐸%&' =
!
"
𝑚𝑣"		

𝐸()* = 𝑚𝑔ℎ		

𝐸)+ =
!
"
𝑘𝑥"		

𝑃 = ,
-
= 𝐹𝑣		

Momentum 
𝑝 = 𝑚𝑣  

𝐹 = .(
.-

  

Thermal concepts 
𝑄 = 𝑚𝑐Δ𝜃		

𝑄 = 𝑚𝐿		

Ideal gas laws 
𝑝 = /

0
  

𝑝𝑉 = 𝑛𝑅𝑇 = 𝑁𝑘1𝑇  

𝐸2 =
3
"
𝑘1𝑇  

Oscillations and waves 
𝑇 = !

$
		

𝑐 = 𝑓𝜆		

𝑇 = 2𝜋G +
4
		

𝑇 = 2𝜋G5
6
		

Electricity 
𝐼 = 7

-
		

𝐹 = 𝑘 ⋅ |8!8"|𝑟2 			

𝑉 = ,
8
			

𝐸 = /
8
		

𝑉 = 𝑅𝐼		

𝑃 = 𝑉𝐼 = 𝑅𝐼" = :"

;
		

𝑅 = 𝑅! + 𝑅" +⋯+ 𝑅'		

!
;
= !

;!
+ !

;"
+⋯+ !

;#
		

𝜌 = ;0
<
		

Electro-magnetism 
𝐹 = 𝑞𝑣𝐵 sin 𝜃		

𝐹 = 𝐵𝐼𝐿 sin 𝜃		

Circular motion 
𝑣 = 𝜔𝑟  

𝑎 = ="

>
  

Gravitation 
𝐹 = 𝐺 5?

>"
  

𝑔 = /
5

  

Quantum physics 
𝐸 = ℎ𝑓		

𝜆 = @%
A
		

Optics 
𝑛! sin 𝛼! = 𝑛" sin 𝛼"		

1
𝑞 +

1
𝑝 =

1
𝑓	
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Question 1: Mechanics (20 points) 
A firework rocket is launched vertically upwards and explodes at a height 𝑦# at the peak of 
its trajectory. It propels burning fragments in all directions (i.e. the fragments have different 
initial angles 𝛼# , where 𝛼# is the angle between the initial velocity vector 𝑣⃗# and the 
horizontal direction), but all with the same speed 𝑣#. The solidified metal particles fall to the 
ground without air resistance. 

1) Give the equation of the height 𝑦(𝑡) of a fragment as a function of 𝑦#, 𝛼# and 𝑣#. (2) 

2) Establish the expression for the time 𝑡$ at which a fragment reaches the ground as a 
function of 𝑦#, 𝛼# and 𝑣#. (5) 

3) Establish the expressions for the velocity components 𝑣%,$ and 𝑣',$ at impact as functions 
of 𝑦#, 𝛼# and 𝑣#. (7) 

4) Establish the expression for the angle 𝛼$ the final velocity of a fragment makes with the 
horizontal at the moment of impact on the ground as a function of 𝑦#, 𝛼# and 𝑣#. (3) 

5) For what initial angle 𝛼# is the angle 𝛼$ minimal? 
From this, deduce the expression for the smallest possible angle of impact 𝛼$. (3) 
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Question 2: Capacitor (20 points) 
Consider a capacitor consisting of two flat, parallel plates with surface areas  
𝑆 = 0,16	m(, separated by a distance 𝑥, which carry opposite electric charges 𝑄 and −𝑄. 
The space between the plates is empty. 

1) The capacitor, initially discharged, is charged using a high-voltage generator that delivers 
a constant electric current 𝐼 = 4	µA under a variable voltage. 

 

The graph below shows the variation in voltage 𝑈 across the capacitor as a function of 
time 𝑡. 

 

a) Show that the charge 𝑄 of the capacitor is proportional to the voltage 𝑈. (2) 

b) The coefficient of proportionality is the capacitance 𝐶 of the capacitor, defined by: 

𝑄 = 𝐶𝑈 

The SI unit of capacitance is the farad (F). Use the graph to determine the 
capacitance of the capacitor. (3) 

!

!

!

! −"

0

2

4

6

8

10

12

0 1 2 3 4

U
 [k

V]

t [s]



 
 

5 

2) The graph below shows the variation in capacitance 𝐶 of the capacitor as a function of 
the inverse of the distance𝑥 between the plates. 

 

Knowing that, for a given 𝑥, the capacitance of the capacitor is proportional to 𝑆, show 
that it can be written as: 

𝐶 = 𝜖#
𝑆
𝑥 

Use the graph to determine the coefficient of proportionality 𝜖#, which is a fundamental 
constant called the permittivity of a vacuum. (5) 

3) Establish the expression for the electrical potential energy 𝐸) of the charged capacitor, 
choosing 𝐸) = 0 for an uncharged capacitor. Show that it can be written as: (5) 

𝐸) =
𝑄(

2𝐶 

4) The capacitor is disconnected and isolated so that the charge 𝑄 remains constant. Use 
the results from points 2b) and 3) to show that the two plates attract each other with a 
force per unit area: 

𝐹
𝑆 =

𝜎(

2𝜖#
 

where 𝜎 = *
+

 is the capacitor charge per unit area. 

Hint: Use ∆𝐸) = −𝑊(𝐹⃗) when 𝑥 changes. (5) 
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Question 3: Lift (20 points) 
The cable of an elevator with mass 𝑚 breaks when the elevator is stopped on the ground 
floor. The base of the elevator is then at a distance 𝑑 above a spring with a spring constant 
𝑘. A safety mechanism is triggered, creating a friction force 𝐹. 

 

 

 

 

 

 

 

 

 

 

 

1) Indicate all forces acting on the lift during the different phases of motion and draw a 
diagram for each phase, annotating it with the relevant values. (6)                                                 

2) Calculate the maximum compression distance ∆𝑥 of the spring by literally applying the 
principle of conservation of energy. (8) 

Numerical application: 

𝑚 = 2.00 × 103 kg           𝑑 = 4.00 m         𝑘 = 1.40 × 105 Nm-1           𝐹 = 5.00 × 103 N 

3) To what height ℎ will the lift rebound? (6)       

d 

 cable 

safety mechanism 
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Question 4: Standing waves in a violin string (20 points) 

When a violinist rubs a string with his bow, it vibrates in its fundamental state. In order to 
make it vibrate in a state with several antinodes, he uses the technique of harmonics in 
flageolet: he gently places his finger on the part of the string where he wants to create a 
vibration node without pressing the string against the neck. In this way, he creates standing 
waves along the entire length of the string (from the bridge to the end of the neck). If, on the 
other hand, he presses the string firmly against the neck, he simply shortens the vibrating 
length of the string. 

         

(manche/Hals/neck ; chevalet/Steg/bridge; extrémité/Ende/end) 
 

1) The played string vibrates in its fundamental state. 

a) Describe the motion of the points of one of the strings when it vibrates in its 
fundamental state. Add a sketch of the string at a moment when the points of the 
string have maximum/minimum elongation. (3) 

b) The ratio of the fundamental frequencies of a string and its neighbouring string with 
a higher pitch is 2/3. How do you explain that these frequencies are so different? 
(Assume that the tensions of the four strings are roughly the same.) (3) 

c) Explain why the pitch becomes higher when the string is shortened. (3) 
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2) The violinist produces harmonics in flageolet on the A-string with a fundamental 
frequency of 440 Hz. 

a) The violinist places his finger so that the string vibrates with three antinodes. Draw a 
sketch of the string at a moment when the points on the string have 
maximum/minimum elongation. What is the frequency of vibration of the string? (4) 

b) Where should he place his finger so that the string vibrates with 2 antinodes, 3 
antinodes, 4 antinodes? (3) 

c) To play the very high-pitched sound with a frequency of 3080 Hz, there are several 
possibilities for placing the finger. Give at least two. (4) 
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Question 5: Impedance matching (20 points) 
We consider a voltage source with voltage 𝑉 which is connected to a load with resistance 𝑅, 
by a cable with resistance 𝑅- . 

 

1) Calculate the total resistance 𝑅./. of the circuit and the power 𝑃, delivered to the load 
resistance. (4) 

2) Assume that 𝑅-  is fixed but 𝑅, can be varied. Show that 𝑃, is highest for 𝑅, = 𝑅-  and 
calculate 𝑃, for this case. (6) 

For 𝑅, = 𝑅- , the circuit is called “impedance matched” and the power output to the load is 
at a maximum. Because we cannot change 𝑅- , this condition cannot be met for arbitrary 
load resistances 𝑅,. To maximize power output for other loads, one can add additional 
resistors 𝑅0 and 𝑅(, as shown in the figure: 

 

3) Calculate the total resistance 𝑅./.,( of the new circuit and the new effective load 
resistance 𝑅,1 . (4) 

4) Show that the circuit is impedance matched if we choose 𝑅( = 𝑅,G1 − 𝑅,/𝑅- 	and 
𝑅0 = 𝑅-G1 − 𝑅,/𝑅- . (6) 


