
 Welcome to the exam for PHY117 Physics for life science 

 Deposit all prohibited items (including bags, jackets, etc.) at the back or at the 
sides of the lecture hall.  

 Make sure that your mobile phone is switched off or muted. 

 Place your Legi (or other ID with picture) on your desk. 

 Only open the envelope when you are asked to do so ! 

The following are allowed at your seat: 

 A white envelope. 

 The provided TI30 calculator 

 Writing utensils 

 Protractor (Geodreieck), ruler 

 Drinks (in bottle), snacks 

 Light jackets, handkerchiefs 

The following are forbidden at your seat:  

 Any means of communication, like e.g. mobile phones 

 Any wristwatch (analogue, smart, etc.) 

 Any kind of personal calculator, laptop, or other electronic device 

 Any additional formula sheets or written notes. 



Ideal gases

Energy in 3D K = #d.o.f.
2 NkBT

Equation of state p V = nRT = NkBT

Work W =
´ V2

V1
p dV

Heat capacity (constant p) Cp = Cv + nR

Ratio of constants γ =
Cp

Cv

Adiabatic expansion Q = 0 and p V γ = constant and TV γ−1 = constant
Work in adiabatic expansion W = 1

γ−1 (p1 V1 − p2 V2)

Real gases

Equation of state (p+ an2

V 2 )(V − bn) = nRT

K kinetic energy N number of particle a attractive force
V volume n particle per mol b correction to volume
Q heat kB Boltzmann constant Cv heat capacity (constant V )
p pressure R gas constant

Heat
Temp. change at constant volume Q = ∆U = mc∆T
Phase change Q = mLf and Q = mLv

Heat flow I = ∆Q
∆T = κA∆T

∆x

Thermal resistance R = ∆x
κA and ∆T = IR

Heat resistance in series Req = R1 +R2 + ...
Heat resistance in parallel 1

Req
= 1

R1
+ 1

R2
+ ...

Thermal expansion ∆L = αL0∆T
Heat capacity Cv = ∆U

∆T = (#d.o.f.)(12nR)
Equipartition theorem U = 1

2 kB T per degree of freedom

Heat and work
First law Q = ∆U +W
Heat engine W = |QH | − |QC | and ϵ = W

|QH |
Carnot conditions TC

TH
= |QC |

|QH |
Carnot efficiency ϵC = 1− |QC |

|QH | = 1− TC

TH

Performance of refrigerator C.O.P. = Qc

W

Heat pump efficiency ϵ = QH

W = 1 + C.O.P.

QC heat cold reservoir TC temp. cold reservoir U internal energy
QH heat hot reservoir TH temp. hot reservoir κ thermal conductivity
∆t time T, ∆T temperature α thermal expansion

Thermodynamics

Electrostatics

Coulomb force FE = k q1 q2
r2 or FE = qE

E-field of a point charge: E⃗ = k Q
r2 r̂

Gauss’ Law
¸
S
E⃗ · n̂dA = Qin/ϵ0

Electrical Potential difference ∆VAB = −
´ B
A

E⃗ · ds⃗
Potential energy & electric potential ∆U = q∆V
E-field in dielectric E = E0/kd
Dipole p⃗ = qL⃗, U = −p⃗ · E+ cons. and τ = p⃗× E⃗

Capacitance

Capacitance: C = Q
|∆V |

Energy in capacitor U = 1
2C(∆V )2

Capacitors in series 1
Ceq

= 1
C1

+ 1
C2

+ ...

Capacitors in parallel Ceq = C1 + C2 + ...
Plate capacitor C = κdϵ0

A
d

E-field in parallel capacitor E = V
d

Electrodynamics

Ohm’s law: V = IR

Current I = ∆Q
∆t

Series circuits Rtot =
∑n

i Ri, Vtot =
∑n

i Vi

Parallel circuits Itot =
∑n

i Ii,
1

Rtot
=

∑n
i

1
Ri

Electric power: P = IV
1D conductor: R = ρL

A [Ω]
Specific resistance ρ = ρ20[1 + α(tc − 20◦C)]
Drift velocity of charge: vd = I

nA q

Magnetism

Lorentz force F⃗ = q · v⃗ × B⃗

Lorentz force on wire F⃗ = Iℓ⃗× B⃗

Magnetic field of straight conductor B(r) = µ0I
2πr

Magnetic field coil (inside) B = µ0NI
L

Magnetic flux Φm = B⃗ · A⃗ = BA cos(θ)

Ampere’s Law
¸
C
B⃗ · d⃗l = µ0Ic

Magnetic moment µ⃗ = IAn̂

Magnetic moment in B-field U = −µ⃗ · B⃗+ cons & τ⃗ = µ⃗× B⃗

Faraday’s law E =
¸
C
E⃗ · d⃗l = −dΦm

dt

Curvature in B⃗-field r = mv
q B

Frequency rotation in B⃗-field ν = q B
2πm

q, Q charge k coulomb constant r radial distance
A area U potential energy R resistance
d distance N number windings coil E electromotive force
m mass ϵ0 el. permittivity (vacc.) µ0 mag. permeability (vacc.)
kd Dielectric cons. l length τ torque

Electromagnetism
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