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'n Boodskap van die STEM in ACTION span 

Graad 12's – welkom by STEM in ACTION se Fisiese Wetenskap “Boost”‐reeks.  Hierdie produk was 
in 2020 in  samewerking  met  jul  onderwysers  tydens  ons  Fisiese  Wetenskap  
Gemeenskapspraktyk  aanlyn‐sessies  ontstaan.    Die  doel  daarvan  is  om  jou  en  jou  Fisiese  
Wetenskap‐onderwyser te ondersteun in jul voorbereiding vir die Matriek Fisiese Wetenskap 

NSS eksamen.  Julle sal ons laboratoriums en span herken, want ons bring die STEM in ACTION 

laboratoriums  tot  binne‐in  jul  klaskamer.    Die  eksamenriglyne  en  al  die  onderwerpe  in  jul  
Graad 12‐Fisiese Wetenskap‐kurrikulum is ingesluit.  Geniet dit!  Ons glo in jou en weet jy kan 

dit doen! 

Hoe om jou “Boost”-Voorbereidingspak te gebruik 

Jou  voorbereidingspak  bevat  die  Fisiese  Wetenskap  eksamenriglyne  en  eksamenvraestelle  
met memorandums van 2014, 2016 tot 2020 op ‘n geheuestokkie.  Werk in die klaskamer 

saam met jou onderwyser deur die “Boost”‐Opsomming‐ en Eksperimentreeks.  Elke hoofstuk 

is opgesom volgens die eksamenriglyne en KABV en gee ook wenke oor hoe om eksamenvrae 

te benader.  Werk deur die reeks in die klaskamer of in studiegroepe.  GATE‐ en SLP‐leerders 

het hul eiegeheuestokkie en ons moedig jou aan om op jou eie, saam met jou onderwyser of 

in studiegroepe te werk om jou selfvertroue op te bou, soos jy jou Fisiese Wetenskap‐kennis 

en ‐vaardighede oefen en onthou. 

Wat is STEM in ACTION?  

STEM  in  ACTION  is  'n  gemeenskaps‐entiteit  binne  die  Fakulteit  Ingenieurswese,  Bou‐
omgewing en Tegnologie (EBET) by die Nelson Mandela Universiteit.  Dit ondersteun leerders, 

onderwysers en ouers deur al die opvoedkundige fases deur 'n praktiese benadering vir die 

onderrig en leer van Fisiese Wetenskap te gebruik.  Die doel van hierdie konstruktiwistiese 

benadering, tesame met 'n dinamiese en entoesiastiese STEM in ACTION‐span, is om leerders 

opgewonde te maak oor Wetenskap en om STEM‐loopbane te oorweeg.  

Weens COVID‐19, kon STEM in ACTION nie die gewone aktiwiteite by ons laboratoriums op 

die Missionvalekampus van die Nelson Mandela Universiteit aanbied, waaraan leerders en 

onderwysers gewoond is nie.  Dit het gelei tot 'n hersiene plan van aksie en die ontwikkeling 

en vervaardiging van ons Graad 12 Fisiese Wetenskap “Boost”‐reeks.   Daardeur het ons  'n 

manier  gevind  om  ons  teikengehoor  te  bereik  en  steeds  te  voldoen  aan  die  protokol  wat  
vereis word.  Die “Boost”‐reeks bring dus die STEM in ACTION‐laboratoriums in jou klaskamer 

toe en jy het die geleentheid om dit tot jou voordeel te gebruik. 
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n

de
r 

he
t 

di
e 

b
at

te
ry

 
'n

 i
n

te
rn

e 
w

e
er

st
an

d
 r

 e
n

 '
n 

em
k 

. 
'n

 V
er

st
el

ba
re

 w
e

e
rs

ta
n

d 
R

 w
o

rd
 i

n 
di

e 
st

ro
om

ba
an

 g
e

sk
ak

e
l 

e
n

 d
ie

 
am

m
e

te
r 

e
n 

vo
ltm

e
te

r 
re

gi
st

re
e

r 
le

si
ng

s.
 

D
ie

 w
ee

rs
ta

n
d

 v
a

n 
di

e
 v

er
st

e
lb

ar
e

 w
ee

rs
ta

n
d 

R
 w

o
rd

 n
o

u 
V

E
R

H
O

O
G

. 

W
at

te
r 

E
E

N
 v

a
n

 d
ie

 v
o

lg
en

de
 k

o
m

b
in

as
ie

s 
is

 d
ie

 K
O

R
R

E
K

T
E

 v
oo

rs
te

lli
n

g 
va

n
 d

ie
 v

e
ra

nd
er

in
g 

va
n 

di
e

 l
e

si
ng

s 
op

 d
ie

 a
m

m
et

e
r 

en
 v

ol
tm

e
te

r 
so

os
 w

a
t 

di
e 

w
ee

rs
ta

n
d 

va
n

 R
 v

er
h

oo
g

 w
o

rd
?

  

A
M

M
E

T
E

R
L

E
S

IN
G

 
V

O
L

T
M

E
T

E
R

L
E

S
IN

G
 

A
 

V
er

la
a

g 
V

er
h

oo
g

 
B

 
V

er
h

oo
g 

V
er

h
oo

g
 

C
 

V
er

h
oo

g 
V

er
la

a
g 

D
 

V
er

la
a

g 
V

er
la

a
g 

(2
) 

 V
 

 A
 

R
 

r 

F
is

ie
se

 W
et

en
sk

a
pp

e/
V

1
 

7
 

D
B

E
/N

o
ve

m
be

r 
20

20
 

S
S

/N
S

S
 

K
op

ie
re

g 
vo

o
rb

eh
o

u 
B

la
a

i o
m

 a
ss

eb
lie

f  

1.
1

0 
D

ie
 n

a
tr

iu
m

ka
to

d
e 

va
n

 '
n 

fo
to

se
l 

w
o

rd
 m

e
t 

ul
tr

av
io

le
t 

lig
 b

e
st

ra
a

l 
so

o
s 

in
 d

ie
 

di
ag

ra
m

 h
ie

ro
n

de
r 

ge
to

o
n.

 D
ie

 a
m

m
e

te
r 

re
gi

st
re

e
r 

'n
 s

tr
oo

m
. 

W
at

te
r 

E
E

N
 

va
n 

di
e

 
vo

lg
e

nd
e

 
ve

ra
n

d
er

in
ge

 
sa

l 
d

ie
 

am
m

e
te

rle
si

n
g 

V
E

R
H

O
O

G
?

  

A
 

B
 

C
 

D
 

G
e

b
ru

ik
 'n

 d
un

n
er

 n
a

tr
iu

m
ka

to
de

. 

V
er

h
oo

g
 d

ie
 in

te
n

si
te

it 
va

n
 d

ie
 u

ltr
av

io
le

t 
lig

. 

V
er

h
oo

g
 d

ie
 f

re
kw

en
si

e 
va

n
 d

ie
 u

ltr
av

io
le

t 
lig

. 

V
er

va
n

g
 d

ie
 n

a
tr

iu
m

ka
to

d
e 

m
e

t 
'n

 k
at

o
de

 m
e

t '
n 

la
e

r 
ar

be
id

sf
u

n
ks

ie
. 

(2
) 

[2
0

] 

na
tr

iu
m

ka
to

d
e 

ul
tr

av
io

le
t 

lig
 

 G
S

-b
ro

n 
A

 



F
is

ie
se

 W
e

te
ns

ka
pp

e
/V

1
 

8
 

D
B

E
/N

o
ve

m
be

r 
20

20
 

S
S

/N
S

S
 

K
op

ie
re

g 
vo

o
rb

eh
o

u
 

B
la

a
i o

m
 a

ss
eb

lie
f  

V
R

A
A

G
 2

 (
B

eg
in

 o
p

 'n
 n

u
w

e 
b

la
d

s
y.

) 

'n
 2

0
 k

g-
bl

ok
, 

w
a

t 
o

p 
'n

 r
uw

e
 h

o
ris

on
ta

le
 o

pp
e

rv
la

k 
ru

s,
 i

s 
a

a
n

 b
lo

kk
e 

P
 e

n 
Q

 v
er

b
in

d
 

m
e

t 
'n

 l
ig

te
 o

nr
ek

ba
re

 t
o

u
tji

e
 w

a
t 

o
or

 'n
 w

ry
w

in
gl

o
se

 k
a

tr
ol

 b
e

w
e

e
g.

 B
lo

kk
e

 P
 e

n 
Q

 i
s  

aa
n 

m
e

ka
ar

 v
a

sg
eg

om
 e

n
 h

et
 'n

 g
e

ko
m

bi
ne

er
de

 m
a

ss
a 

m
.  

 

'n
 K

ra
g 

va
n

 3
5

 N
 w

o
rd

 n
o

u 
op

 d
ie

 2
0

 k
g-

b
lo

k 
te

en
 'n

 h
o

ek
 v

an
 4

0
° 

m
e

t 
d

ie
 h

o
ris

o
nt

aa
l 

to
e

ge
pa

s,
 s

o
os

 h
ie

ro
nd

e
r 

ge
to

on
. 

D
ie

 2
0

 k
g-

bl
ok

 e
rv

a
a

r 
'n

 w
ry

w
in

gs
kr

ag
 m

et
 '

n 
gr

oo
tte

 v
an

 5
 N

 s
o

os
 w

a
t 

d
it 

te
e

n
 '

n 
K

O
N

S
T

A
N

T
E

 S
P

O
E

D
 n

a
 R

E
G

S
 b

ew
ee

g
.  

2.
1 

D
ef

in
ie

er
 d

ie
 te

rm
 n

or
m

a
a

lk
ra

g
. 

(2
) 

2.
2 

T
e

ke
n 

'n
 

be
no

e
m

d
e 

vr
ye

 
kr

a
gt

e
di

ag
ra

m
 

(v
ry

e
 

lig
ga

a
m

di
ag

ra
m

) 
va

n
 

d
ie

 
20

 k
g-

bl
ok

. 
(5

) 

2.
3 

B
er

e
ke

n
 d

ie
 g

ek
om

b
in

e
e

rd
e

 m
as

sa
 m

 v
an

 d
ie

 t
w

ee
 b

lo
kk

e
. 

(5
) 

2.
4 

O
p

 'n
 s

ek
er

e
 s

ta
d

iu
m

 v
an

 d
ie

 b
e

w
e

gi
ng

 b
re

ek
 b

lo
k 

Q
 a

f e
n 

va
l a

fw
a

ar
ts

. 

H
o

e
 s

a
l E

L
K

 v
an

 d
ie

 v
ol

ge
nd

e 
b

e
ïn

vl
o

e
d 

w
o

rd
 w

an
n

ee
r 

di
t g

eb
eu

r?
  

2.
4

.1
 

D
ie

 s
p

an
ni

ng
 in

 d
ie

 to
u

tji
e

 
K

ie
s 

ui
t 

N
E

E
M

 T
O

E
, N

E
E

M
 A

F
 o

f B
LY

 D
IE

S
E

LF
D

E
. 

(1
) 

2
.4

.2
 

D
ie

 s
n

el
he

id
 v

an
 d

ie
 2

0
 k

g-
b

lo
k 

V
er

d
ui

de
lik

 d
ie

 a
nt

w
o

or
d

. 
(3

) 
[1

6
] 

35
 N

 40
° 

20
 k

g 

m
 

Q
 

P
 

F
is

ie
se

 W
et

en
sk

a
pp

e/
V

1
 

9
 

D
B

E
/N

o
ve

m
be

r 
20

20
 

S
S

/N
S

S
 

K
op

ie
re

g 
vo

o
rb

eh
o

u 
B

la
a

i o
m

 a
ss

eb
lie

f  

V
R

A
A

G
 3

 (
B

eg
in

 o
p

 'n
 n

u
w

e
 b

la
d

s
y.

) 

'n
 K

le
in

 b
a

lle
tji

e
 w

o
rd

 v
an

af
 'n

 h
o

og
te

 v
an

 2
 m

 la
a

t 
va

l e
n 

ho
p

 'n
 p

aa
r 

ke
e

r 
na

da
t 

d
it 

op
 

'n
 s

em
e

nt
vl

oe
r 

la
n

d
. I

gn
or

ee
r 

lu
g

w
ry

w
in

g.
  

D
ie

 p
os

is
ie

-t
yd

-g
ra

fie
k 

hi
e

ro
nd

er
, 

ni
e

 v
ol

ge
ns

 s
ka

a
l 

ge
te

ke
n

 n
ie

, 
ve

rt
ee

nw
o

or
di

g 
d

ie
 

be
w

e
gi

n
g 

va
n 

di
e

 b
a

l. 

3.
1 

D
ef

in
ie

e
r 

di
e

 te
rm

 v
ry

va
l. 

 
(2

) 

3.
2 

G
e

b
ru

ik
 d

ie
 g

ra
fie

k 
en

 b
ep

aa
l: 

3.
2.

1 
D

ie
 t

yd
 w

at
 d

ie
 b

a
l m

et
 d

ie
 v

lo
e

r 
in

 k
on

ta
k 

is
 v

oo
r 

d
ie

 e
e

rs
te

 te
ru

gw
ip

 
(2

) 

3.
2.

2 
D

ie
 t

yd
 w

a
t 

di
t 

di
e 

ba
l n

e
em

 o
m

 s
y 

m
a

ks
im

um
 h

o
o

gt
e 

na
 d

ie
 e

er
st

e 
te

ru
gw

ip
 t

e 
b

e
re

ik
  

(2
) 

3.
2.

3 
D

ie
 s

p
oe

d 
w

aa
rt

e
en

 d
ie

 b
al

 d
ie

 v
lo

e
r 

m
et

 d
ie

 e
e

rs
te

 t
er

u
gw

ip
 v

er
la

a
t 

(3
) 

3.
2.

4 
T

yd
 t

 o
p

 d
ie

 g
ra

fie
k 

aa
n

ge
du

i 
(6

) 
[1

5
] 

Posisie (m) 

T
yd

 (
s)

 

2
 

1,
8

5 

1,
2 

0,
6

4 
0,

6
7 

1,
9

0 
1,

9
7 

t 
0

 



F
is

ie
se

 W
e

te
ns

ka
pp

e
/V

1
 

10
 

D
B

E
/N

o
ve

m
be

r 
20

20
 

S
S

/N
S

S
 

K
op

ie
re

g 
vo

o
rb

eh
o

u
 

B
la

a
i o

m
 a

ss
eb

lie
f  

V
R

A
A

G
 4

 (
B

eg
in

 o
p

 'n
 n

u
w

e
 b

la
d

s
y.

) 

B
al

 P
 m

e
t 

'n
 m

a
ss

a
 v

an
 0

,1
6 

kg
, 

w
a

t 
te

e
n

 'n
 s

p
oe

d 
va

n
 

-1
 o

os
 b

ew
ee

g
, 

b
o

ts
 r

eg
va

n
 v

oo
r 

m
e

t 
'n

 a
nd

e
r 

b
al

 Q
 m

et
 'n

 m
a

ss
a

 v
an

 0
,2

 k
g

, 
w

a
t 

te
en

 'n
 s

po
ed

 v
a

n 
15

 
-1

w
e

s 
b

ew
ee

g
. 

N
a 

di
e 

b
o

ts
in

g 
be

w
e

eg
 b

a
l P

 w
e

s 
te

en
 'n

 s
p

oe
d 

va
n

 5
 

-1
, 

so
os

 in
 d

ie
di

ag
ra

m
 h

ie
ro

n
de

r 
ge

to
o

n
. 

Ig
no

re
er

 d
ie

 e
ff

ek
te

 v
a

n
 w

ry
w

in
g 

en
 d

ie
 r

ot
a

si
e

-e
ff

e
kt

e 
va

n 
d

ie
 b

al
le

. 

4.
1 

D
ef

in
ie

e
r 

di
e

 t
e

rm
 m

om
e

n
tu

m
 in

 w
o

or
de

. 
(2

) 

4.
2 

B
er

e
ke

n
 d

ie
: 

4.
2

.1
 

S
ne

lh
ei

d 
va

n
 b

a
l Q

 n
a

 d
ie

 b
ot

si
n

g
 

(5
) 

4.
2

.2
 

G
ro

ot
te

 v
a

n
 d

ie
 im

p
ul

s 
op

 b
al

 P
 ty

de
n

s 
d

ie
 b

ot
si

n
g

 
(3

) 
[1

0
] 

W
 

S
 

O
 

N
 

 V
O

O
R

 B
O

T
S

IN
G

 

P
 

Q
 

P
 

Q
 

 N
A

 B
O

T
S

IN
G

 

-1
-1

-1

F
is

ie
se

 W
et

en
sk

a
pp

e/
V

1
 

11
 

D
B

E
/N

o
ve

m
be

r 
20

20
 

S
S

/N
S

S
 

K
op

ie
re

g 
vo

o
rb

eh
o

u 
B

la
a

i o
m

 a
ss

eb
lie

f  

V
R

A
A

G
 5

 (
B

eg
in

 o
p

 'n
 n

u
w

e
 b

la
d

s
y.

) 

'n
 T

u
im

el
tr

ei
n

-(
'ro

lle
r-

co
a

st
er

')-
ka

r 
m

e
t 

'n
 m

as
sa

 v
a

n 
20

0 
kg

, 
m

e
t 

di
e

 e
n

jin
 a

fg
e

sk
a

ke
l, 

be
w

e
eg

 o
p

 b
aa

n
 A

B
C

 w
a

t 
'n

 
ru

w
e 

op
pe

rv
la

k 
he

t,
 s

o
o

s 
in

 d
ie

 d
ia

gr
a

m
 h

ie
ro

nd
e

r  
ge

to
o

n.
 B

y 
p

un
t 

A
, 

w
at

 1
0

 m
 b

ok
an

t 
d

ie
 g

ro
n

d 
is

, 
is

 d
ie

 s
po

ed
 v

an
 d

ie
 k

a
r 

4 
m

·s
-1

.  

B
y 

pu
nt

 B
, 

w
a

t 
o

p 
'n

 h
o

og
te

 h
 b

ok
a

nt
 d

ie
 g

ro
n

d 
is

, 
is

 d
ie

 s
p

oe
d 

va
n 

d
ie

 k
a

r 
2

 m
·s

-1
. 

T
yd

en
s 

di
e 

be
w

eg
in

g 
va

na
f 

pu
nt

 A
 n

a
 p

u
nt

 B
 w

o
rd

 3
,4

0 
×

 1
0

3  J
 e

ne
rg

ie
 v

e
rb

ru
ik

 o
m

 
w

ry
w

in
g

 te
 o

or
ko

m
.  

 

Ig
no

re
er

 r
o

ta
si

e
-e

ff
ek

te
 a

s 
ge

vo
lg

 v
a

n
 d

ie
 w

ie
le

 v
an

 d
ie

 k
a

r.
 

5.
1 

D
ef

in
ie

e
r 

di
e 

te
rm

 n
ie

-k
o

ns
er

w
a

tie
w

e
 k

ra
g

. 
(2

) 

5.
2 

B
er

e
ke

n
 d

ie
 v

e
ra

n
de

rin
g 

in
 d

ie
 k

in
et

ie
se

 e
ne

rg
ie

 v
a

n
 d

ie
 k

ar
 n

ad
at

 d
it 

va
n

 
pu

nt
 A

 n
a

 p
un

t 
B

 b
ew

ee
g 

he
t.

 
(3

) 

5.
3 

G
e

b
ru

ik
 e

n
er

gi
e

-b
e

gi
n

se
ls

 o
m

 d
ie

 h
oo

gt
e 

h 
te

 b
er

ek
e

n
. 

(4
) 

W
an

ne
e

r 
d

it 
pu

nt
 B

 b
er

e
ik

, 
w

o
rd

 d
ie

 k
a

r 
se

 e
n

jin
 a

a
ng

es
ka

ke
l s

od
a

t 
d

it 
te

e
n

 d
ie

 h
el

lin
g 

op
 n

a 
p

un
t 

C
 k

an
 b

ew
e

eg
, 

w
a

t 
22

 m
 b

o
ka

nt
 d

ie
 g

ro
nd

 i
s.

 T
yd

en
s 

d
ie

 b
e

w
e

gi
n

g 
va

n
 

pu
nt

 B
 n

a
 p

u
nt

 C
 b

ew
e

eg
 d

ie
 k

a
r 

vi
r 

1
5 

s 
te

e
n 

'n
 k

on
st

an
te

 s
po

ed
 v

a
n

 2
 m

·s
-1

, 
te

rw
yl

 
'n

 g
em

id
de

ld
e 

w
ry

w
in

g
sk

ra
g 

va
n 

50
 N

 d
aa

ro
p 

in
w

e
rk

. 
  

 

5.
4 

B
er

e
ke

n
 d

ie
 d

ry
w

in
g 

w
a

t 
de

u
r 

di
e

 e
nj

in
 g

el
e

w
e

r 
w

o
rd

 o
m

 d
ie

 k
ar

 v
an

af
 p

u
n

t 
B

 
na

 p
u

nt
 C

 te
 b

ew
e

eg
. 

(5
) 

[1
4

] 

A
 

10
 m

 
h 

B
 

C
 22

 m
 

4 
m

·s
-1

 
2 

m
·s

-1
 



F
is

ie
se

 W
e

te
ns

ka
pp

e
/V

1
 

12
 

D
B

E
/N

o
ve

m
be

r 
20

20
 

S
S

/N
S

S
 

K
op

ie
re

g 
vo

o
rb

eh
o

u
 

B
la

a
i o

m
 a

ss
eb

lie
f  

Frekwensie (Hz) 

3 
1

48
 

2 
0

73
 0
 

 t
1 

 T
yd

 (
s)

 

D
ie

 s
ire

ne
 v

an
 '

n 
tr

ei
n,

 w
a

t 
te

en
 '

n 
ko

ns
ta

n
te

 s
po

e
d

 o
p

 '
n 

re
gu

it 
ho

ris
o

nt
al

e 
sp

o
or

 
be

w
e

eg
, 

st
el

 k
la

n
k 

m
et

 '
n

 k
on

st
an

te
 f

re
kw

e
ns

ie
 v

ry
. 

'n
 D

et
ek

to
r,

 w
a

t 
la

ng
s 

di
e

 s
p

oo
r 

ge
p

la
as

 i
s,

 t
ek

en
 d

ie
 f

re
kw

en
si

e
 v

an
 d

ie
 k

la
nk

go
lw

e
 a

an
. 

D
ie

 u
its

la
e

 w
at

 v
e

rk
ry

 i
s,

 
w

o
rd

 in
 d

ie
 g

ra
fie

k 
h

ie
ro

n
de

r 
ge

to
on

. 
 

6.
1 

S
te

l d
ie

 D
op

p
le

r-
ef

fe
k 

in
 w

oo
rd

e
. 

(2
) 

6.
2 

T
e

ke
n 

d
ie

 d
e

te
kt

o
r 

d
ie

 f
re

kw
en

si
e

 v
an

 3
 1

48
 H

z 
aa

n 
w

a
n

n
e

er
 d

ie
 t

re
in

 d
ie

 
de

te
kt

o
r 

N
A

D
E

R
 o

f 
w

an
n

e
er

 d
it 

va
n 

d
ie

 d
e
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 D
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F
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w
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p 
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e 
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p
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n 
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F
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p 
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e 
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a
s 

w
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d
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l d

it 
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e
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n
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g 
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U
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m

a
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w
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d
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e 

2
 k

g
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 d
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a
g 

F
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d 
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 d
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l d
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el
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g
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a
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m
as

sa
st

uk
 

2 
kg

- 
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T
w

ee
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ot
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N

E
L

A
S

T
IE

S
E

 k
o

p-
aa

n-
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p 
b

ot
si

ng
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et
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a

tte
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E

N
 v

an
 d
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g
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om
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in
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be

sk
ry
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 d
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T
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N
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R
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O
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A

L
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E
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A

 
N
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B

ly
 b

e
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ly

 b
e
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ue

 
N

ie
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C
 

B
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 b
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B
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e
h
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N
ie
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N
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 b
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e 
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1.
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D
ie

 g
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fie
k 

h
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ro
n

de
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o

n 
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e 
ve
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an
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ka

p 
tu

ss
e

n 
di

e 
d

ry
w

in
g
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at

 g
e

le
w

er
 

w
or

d 
de

ur
 

D
ie
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el

lin
g

 v
an

 d
ie

 g
ra

fie
k 

hi
e

rb
o
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er

te
e

n
w

o
or

di
g 

d
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A
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en
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m
 v

a
n 

d
ie
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ot
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r.

 

B
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b

ei
d
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e
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 d
e

u
r 
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e
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n
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ie
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ot
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C
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ne

tie
se
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ne
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ie
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a

n 
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e 
m

ot
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D
 

to
eg

ep
as

te
 k

ra
g
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an

 d
ie

 e
nj

in
 o

p 
di

e 
m

o
to

r.
 

(2
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P
 (

W
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v 
(m
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-1

) 
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P
T

E
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B
E

R
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0
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0
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E
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E
T
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N
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P

P
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op
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ou

 
B

la
ai

 o
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ss
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lie
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1.
5  

 B
al

 w
or

d 
va
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e
ke

re
 h

o
og

te
 la

at
 v

al
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W
at

te
r 

E
E

N
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an
 d
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o
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e
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e

no
or
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d 
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a
fie

ke
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nd
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o
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rd
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 d
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A
 

 

B
 

C
 

 
D
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) 

1.
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 d
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eg
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l w

at
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o
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or

d 
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d
ie

n 
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 b
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 d
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ra
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X
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D
ie

 e
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st
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e
e 
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ie
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 d
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 d
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at
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 d
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nd
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en
 d

ie
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u
nt

la
d

in
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 te

rm
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r 
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 r
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 r
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D
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de

nt
ie
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an
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 d
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l. 

D
ie

 
w

ee
rs

ta
nd

 
va

n 
di

e 
ve

rb
in

di
ng

sd
ra

de
 

ka
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 d
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e
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 d
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 d
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C
 

V
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=
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V
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T
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P

P
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 m
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va

n
 

 W
S

-g
en

e
ra

to
r 

ka
n

 v
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 d
ra

ai
. 

B
 

gr
o

te
r 

sl
ee

pr
in

ge
 t

e 
ge

br
u

ik
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 d
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p
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an

 d
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e 
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n 
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nk

lik
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er
k.
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e 
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o
m
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a 

e
lk
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n 

va
n 

di
e
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eb

e
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 s

a
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o
ër
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ee
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(iv
)

el
ke

e
n

 v
an

 d
ie
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e

be
h

or
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sa
l m
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si
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um
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in

g 
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E
E

N
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an
 d
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e 
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m
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n
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e
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m
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 d
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 p
ar

a
lle

l g
es
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s 

(i)
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(i

i) 

B
 

S
le
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s 

(i)
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(ii

i)
 

C
 

S
le

g
s 

(ii
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 (
iii

) 
en

 (
iv

) 

D
 

(i
),

 (
ii)
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(i

ii)
 e

n
 (

iv
) 

(2
) 
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]
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o
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p
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sk
u

in
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ge
p
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a

s 
en
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m

e
t 

 1
5 
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ok
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at

 v
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l h
an

g
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de
ur

 m
id

d
e

l v
an
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e
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ek
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w
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 d
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m
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 t
ee

n
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k 
 m

e
t d
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 h
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o
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l i
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ee

g
 d
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5
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o
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af
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te

e
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T
A

N
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N
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 d
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e
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d

ie
 d
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l N
ew
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se
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w
e

e
de

 B
ew

e
g

in
gs

w
et
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oo
rd

e.
 

(2
) 

2.
2  

T
ek

en
 

 b
en

o
em

d
e 
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a
m

di
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ra
m
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y-
kr

ag
te
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g
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m
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l d
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2
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o
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) 

2.
3  

 K
on

st
an

te
 w

ry
w
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g
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ra
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va

n 
4

3,
8

6 
N

 w
or

d 
op

 d
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2 
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k 
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e

fe
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ek
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n
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ie
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 d
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k 
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l l
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7
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 m
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 t
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 d
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 d
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 d
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 d
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 m
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f 
di

e
 to

pp
u

nt
 v
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l 

af
w

aa
rt

s 
m

e
t 

 s
n

el
h
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a
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 b
ew
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n 

tr
ef
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 d
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nd
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ef

en
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g 
va

n
 

20
5
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 o

p
 d

ie
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a
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it 
en

 d
it 

b
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s 
op

w
a

ar
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 to
t 

 w
at

 d
ie

se
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e
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g
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s 

di
e
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n

d
er
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nt
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an

 d
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en
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 d
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m
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ie
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o
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o

nt
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et

 d
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 Ig
n
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e
r 
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e
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ffe
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va
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gw
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er
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an

d.
 

B
er

ek
e

n
 d
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: 

3.
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ne

lh
e

id
 v

an
 d

ie
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a
l n

a
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,2
 s

ek
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s 

(3
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3.
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V
er

p
la

si
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an

 d
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a 

1,
2
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ew

e
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n
g 
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3.
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 d
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e
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d 
w

aa
rm

ee
 d
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 d
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 d
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in

 '
n 

sp
oe

l 
ve

ro
or

sa
ak

 a
s 

di
e 

sp
oe

l 
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 d
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 d
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 d
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 d
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l d
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 b
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 d
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 d
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l d
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 r
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 b
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 d
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 d
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w
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 d
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 d
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 d
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 d
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 d
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 b
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 d
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 d
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 d
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D
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ra
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 d
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 m
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l d
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ra
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 d
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 d
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w
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 C
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ra
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 d
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D
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e:

 

8.
2.

1 
Le

si
ng

 o
p 

di
e 

vo
ltm

et
er
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si

st
or

 R
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 b
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 D
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 d
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l d
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 d
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 d
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 m
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f d
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 d
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∙ ∙
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∙
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 d
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w
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f d
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 d
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 d
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ra
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w
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 b
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ge
nd

e 
op

si
es

 h
ie

ro
nd

er
 a

an
ga

an
de

 
hu

lle
 v

er
sn

el
lin

gs
 is

 k
or

re
k?

 

A
 

a 1
 

 a
2 

 a
3 

B
 

a 1
 

 a
2 

 a
3 

C
 

a 1
 

 a
2 

 a
3 

D
 

a 1
 =

 a
2 =

 a
3 

(2
) 

1.
4 

D
ie

 k
in

et
ie

se
 e

ne
rg

ie
 v

an
 

 v
oo

rw
er

p 
m

et
 

 m
as

sa
 m

, s
ne

lh
ei

d 
v 

en
 

m
om

en
tu

m
 p

 is
 E

k. 
 W

at
te

r E
E

N
 v

an
 d

ie
 v

ol
ge

nd
e 

sa
l d

ie
 k

in
et

ie
se

 e
ne

rg
ie

 
ve

rte
en

w
oo

rd
ig

 v
an

 d
ie

se
lfd

e 
vo

or
w

er
p 

in
di

en
 s

y 
m

om
en

tu
m

 v
er

an
de

r n
a 

2p
? 

A
 

4E
k 

B
 

2E
k 

C
 

¼
 E

k 
D

 
½

 E
k 

(2
) 

1.
5 

B
lo

k 
gl

y 
oo

r 
 ru

w
e 

ho
ris

on
ta

le
 o

pp
er

vl
ak

.  
D

ie
 a

rb
ei

d 
ve

rri
g 

de
ur

 w
ry

w
in

g 
ve

ra
nd

er
 s

le
gs

 d
ie

: 

A
 

K
in

et
ie

se
 e

ne
rg

ie
 

B
 

P
ot

en
si

ël
e 

en
er

gi
e 

C
 

In
te

rn
e 

en
er

gi
e 

D
 

K
in

et
ie

se
 e

n 
in

te
rn

e 
en

er
gi

e 
(2

)
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(E
C

/S
EP

TE
M

B
ER

 2
01

8)
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

B
la

ai
 o

m
 a

ss
eb

lie
f 

1.
6 

D
ie

 D
op

pl
er

-e
ffe

k 
w

or
d 

in
 m

ed
is

yn
e 

ge
br

ui
k 

om
 

  

A
 

ka
nk

er
 o

p 
te

 s
po

or
. 

B
 

di
e 

le
ng

te
 v

an
 

 a
ar

 te
 b

ep
aa

l. 
C

 
di

e 
ha

rtk
lo

p 
va

n 
 fe

tu
s 

te
 m

on
ito

r. 
D

 
di

e 
gr

oe
ite

m
po

 v
an

 
 fe

tu
s 

te
 m

on
ito

r. 
(2

)

1.
7 

Tw
ee

 k
le

in
, i

de
nt

ie
se

, t
ee

no
or

ge
st

el
de

 g
el

aa
id

e 
sf

er
e 

ha
ng

 v
an

 li
gt

e,
 

on
re

kb
ar

e 
to

ue
 e

n 
w

or
d 

in
 v

as
te

 p
os

is
ie

s 
ge

ho
u 

om
 te

 v
er

ho
ed

 d
at

 h
ul

le
 a

an
 

m
ek

aa
r r

aa
k.

  V
er

w
ys

 n
a 

di
e 

di
ag

ra
m

 h
ie

ro
nd

er
. 

W
at

te
r E

E
N

 v
an

 d
ie

 v
ol

ge
nd

e 
st

el
lin

gs
 b

es
kr

yf
 d

ie
 g

ed
ra

g 
va

n 
di

e 
sf

er
e 

di
e 

be
st

e 
w

an
ne

er
 h

ul
le

 lo
sg

el
aa

t w
or

d?
 

A
 

H
ul

le
 b

ew
ee

g 
na

 m
ek

aa
r t

oe
, r

aa
k 

aa
n 

m
ek

aa
r m

om
en

te
el

 e
n 

sk
ei

 d
an

. 
B

 
H

ul
le

 b
ew

ee
g 

na
 m

ek
aa

r t
oe

, r
aa

k 
aa

n 
m

ek
aa

r e
n 

bl
y 

in
 k

on
ta

k 
m

et
 

m
ek

aa
r. 

C
 

H
ul

le
 s

al
 in

 h
ul

le
 o

or
sp

ro
nk

lik
e 

po
si

si
es

 b
ly

 e
n 

da
n 

m
om

en
te

el
 v

ib
re

er
. 

D
 

H
ul

le
 b

ew
ee

g 
m

om
en

te
el

 w
eg

 v
an

 m
ek

aa
r a

f e
n 

da
ar

na
 n

a 
m

ek
aa

r t
oe

. 
(2

)

+
2Q

-Q

(E
C

/S
EP

TE
M

B
ER

 2
01

8)
FI

SI
ES

E 
W

ET
EN

SK
A

PP
E

V1
5 

Ko
pi

er
eg

 v
oo

rb
eh

ou
Bl

aa
i o

m
 a

ss
eb

lie
f 

1.
8 

D
ie

 g
ra

fie
ke

 v
an

 s
tro

om
 te

en
oo

r p
ot

en
si

aa
lv

er
sk

il 
w

or
d 

vi
r v

ie
r v

er
sk

ill
en

de
 

w
ee

rs
ta

nd
e 

P,
 Q

, S
 e

n 
T 

ve
rk

ry
 s

oo
s 

hi
er

on
de

r g
et

oo
n.

 

D
ie

 re
si

st
or

 m
et

 d
ie

 g
ro

ot
st

e 
w

ee
rs

ta
nd

 is
 ..

. 

A
 

P
. 

B
 

Q
. 

C
 

S
. 

D
 

T.
 

(2
)

1.
9 

E
le

kt
rie

se
 to

es
te

l w
at

 e
le

kt
rie

se
 e

ne
rg

ie
 g

eb
ru

ik
 o

m
 m

eg
an

ie
se

 e
ne

rg
ie

 te
 

pr
od

us
ee

r, 
w

or
d 

...
 g

en
oe

m
. 

A
 

di
na

m
o 

B
 

al
te

rn
at

or
 

C
 

el
ek

tri
es

e 
m

ot
or

 
D

 
ge

ne
ra

to
r 

(2
)

T 

Q

S 

P 

Stroom (A) 

Po
te

ns
ia

al
ve

rs
ki

l (
V)
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8)
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

B
la

ai
 o

m
 a

ss
eb

lie
f 

1.
10

 
In

 d
ie

 d
ia

gr
am

 h
ie

ro
nd

er
 v

er
te

en
w

oo
rd

ig
 A

, B
 e

n 
C

 d
ie

 o
or

ga
ng

 w
at

 d
eu

r 
 

el
ek

tro
n 

in
 

 a
to

om
 g

em
aa

k 
w

or
d.

 

W
at

te
r o

or
ga

ng
(e

) v
er

te
en

w
oo

rd
ig

 d
ie

 a
bs

or
ps

ie
 v

an
 e

ne
rg

ie
? 

A
 

S
le

gs
 A

 
B

 
S

le
gs

 B
 

C
 

S
le

gs
 A

 e
n 

C
 

D
 

S
le

gs
 B

 e
n 

C
 

(2
) 

[2
0]

 

C
 

E
N

E
R

G
IE

VL
A

K
 3

 

E
N

E
R

G
IE

VL
A

K 
2 

E
N

E
R

G
IE

VL
A

K 
1 

B
 

A
 

Energie 

(E
C

/S
EP

TE
M

B
ER

 2
01

8)
FI

SI
ES

E 
W

ET
EN

SK
A

PP
E

V1
7 

Ko
pi

er
eg

 v
oo

rb
eh

ou
Bl

aa
i o

m
 a

ss
eb

lie
f 

VR
A

A
G

 2
 (B

eg
in

 o
p 

 N
U

W
E 

bl
ad

sy
.) 

2.
1 

 S
pe

el
go

ed
-v

ra
gm

ot
or

 m
et

 m
as

sa
 5

,2
 k

g 
tre

k 
sl

ee
pw

a 
m

et
 m

as
sa

 2
 k

g.
  D

ie
 

sl
ee

pw
a 

w
or

d 
aa

n 
di

e 
vr

ag
m

ot
or

 g
eh

eg
 m

et
 

m
as

sa
lo

se
, o

nr
ek

ba
re

 to
u 

w
at

 
ho

ek
 v

an
 2

5°
 m

et
 d

ie
 h

or
is

on
ta

al
 m

aa
k,

 s
oo

s 
in

 d
ie

 d
ia

gr
am

 h
ie

ro
nd

er
 g

et
oo

n.
  

D
ie

 tr
ek

kr
ag

 o
p 

di
e 

vr
ag

m
ot

or
 is

 4
6,

5 
N

.  
D

ie
 v

ra
gm

ot
or

 o
nd

er
vi

nd
 

ki
ne

tie
se

 
w

ry
in

gs
kr

ag
 v

an
12

 N
.  

D
ie

 s
le

ep
w

a 
on

de
rv

in
d 

 k
in

et
ie

se
 w

ry
in

gs
kr

ag
 v

an
  

5,
1 

N
.  

 

2.
1.

1 
Te

ke
n 

 v
ry

-li
gg

aa
m

di
ag

ra
m

 m
et

 b
ys

kr
ift

e 
om

 a
l d

ie
 k

ra
gt

e 
te

 to
on

 
w

at
 o

p 
di

e 
V

R
A

G
M

O
TO

R
 in

w
er

k.
 

(5
) 

2.
1.

2 
S

te
l N

ew
to

n 
se

 T
w

ee
de

 B
ew

eg
in

gs
w

et
 in

 w
oo

rd
e.

 
(2

) 

2.
1.

3 
B

er
ek

en
 d

ie
 s

pa
nn

in
g 

in
 d

ie
 to

u.
 

(5
 +

1)
 

2.
2 

D
ie

 m
as

sa
 e

n 
di

e 
ra

di
us

 v
an

 d
ie

 p
la

ne
et

 M
ar

s 
is

 o
ng

ev
ee

r 6
,3

9 
x 

10
23

 k
g 

en
 

3,
39

 x
 1

06  m
 o

nd
er

sk
ei

de
lik

. B
er

ek
en

 d
ie

 g
ra

vi
ta

si
e-

ve
rs

ne
lli

ng
 o

p 
di

e 
op

pe
rv

la
k 

va
n 

M
ar

s.
 

(3
) 

[1
6]

 

25
° 

   
5,

2 
 

46
,5

 N
 

2 
kg

 

Sp
ee

lg
oe

d-
vr

ag
m

ot
or

 
Sl

ee
pw

a 
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8)
 

Ko
pi

er
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 v
oo

rb
eh

ou
 

B
la

ai
 o

m
 a

ss
eb

lie
f 

VR
A

A
G

 3
 (B

eg
in

 o
p 

N
U

W
E 

bl
ad

sy
.) 

D
ie

 p
os

is
ie

-ty
d 

gr
af

ie
k 

va
n 

 b
al

 w
at

 v
er

tik
aa

l a
fw

aa
rts

 v
an

af
 d

ie
 b

op
un

t v
an

 
 4

8 
m

 
ho

ë 
ge

bo
u  

ge
go

oi
 w

or
d,

 w
or

d 
hi

er
on

de
r g

et
oo

n.
  D

ie
 g

ra
fie

k 
is

 n
ie

 v
ol

ge
ns

 s
ka

al
 

ge
te

ke
n 

ni
e.

  D
ie

 b
al

 b
on

s 
va

n 
di

e 
gr

on
d 

af
 e

n 
be

re
ik

 
 h

oo
gt

e 
va

n 
8 

m
.  

 
Ig

no
re

er
 d

ie
 e

ffe
k 

va
n 

lu
gw

ee
rs

ta
nd

. 

3.
1 

B
er

ek
en

 d
ie

 s
po

ed
 w

aa
rte

en
 d

ie
 b

al
: 

3.
1.

1 
Af

w
aa

rts
 g

eg
oo

i w
or

d 
(4

) 

3.
1.

2 
D

ie
 g

ro
nd

 tr
ef

 
(3

) 

3.
1.

3 
V

an
af

 d
ie

 g
ro

nd
 b

on
s 

(3
) 

3.
2 

Te
ke

n 
di

e 
sn

el
he

id
-ty

d 
gr

af
ie

k 
(n

ie
 v

ol
ge

ns
 s

ka
al

 n
ie

) v
ir 

di
e 

he
le

 b
ew

eg
in

g 
va

n 
di

e 
ba

l. 

D
ui

 d
ie

 v
ol

ge
nd

e 
op

 jo
u 

gr
af

ie
k 

aa
n:

 

(i)
B

eg
in

sn
el

he
id

 w
aa

rte
en

 d
ie

 b
al

 g
eg

oo
i w

or
d

(ii
)

S
ne

lh
ei

d 
w

aa
rte

en
 d

ie
 b

al
 d

ie
 g

ro
nd

 tr
ef

(ii
i)

Ty
d 

w
at

 d
it 

ne
em

 o
m

 h
ie

rd
ie

 s
ne

lh
ei

d 
te

 b
er

ei
k

(iv
)

D
ie

 s
ne

lh
ei

d 
w

aa
rte

en
 d

ie
 b

al
 v

an
af

 d
ie

 g
ro

nd
 b

on
s

(4
) 

[1
4]

 

  Posisie (m) 48
 

8 

ty
d 

(s
) 

2,
8 

0 

(E
C

/S
EP

TE
M

B
ER

 2
01

8)
FI

SI
ES

E 
W

ET
EN

SK
A

PP
E

V1
9 

Ko
pi

er
eg

 v
oo

rb
eh

ou
Bl

aa
i o

m
 a

ss
eb

lie
f 

VR
A

A
G

 4
 (B

eg
in

 o
p 

 N
U

W
E 

bl
ad

sy
.) 

 1
00

 k
g 

vr
ag

m
ot

or
 tr

ek
 

 8
00

 k
g 

sl
ee

pw
a 

m
et

 
 m

as
sa

lo
se

 to
u 

te
en

 
 k

on
st

an
te

 
sn

el
he

id
 v

an
 4

5 
km

.h
-1

 n
a 

re
gs

 s
oo

s 
in

 d
ie

 d
ia

gr
am

 h
ie

ro
nd

er
 g

et
oo

n.
 

D
ie

 to
u 

br
ee

k 
en

 d
ie

 s
le

ep
w

a 
ho

u 
aa

n 
na

 re
gs

 b
ew

ee
g 

te
en

 
 k

on
st

an
te

 s
ne

lh
ei

d 
va

n 
9,

06
 m

.s
-1

. I
gn

or
ee

r a
lle

 a
ffe

kt
e 

va
n 

w
ee

rs
ta

nd
. 

4.
1 

B
er

ek
en

 d
ie

 s
po

ed
 v

an
 v

ra
gm

ot
or

 n
ad

at
 d

ie
 to

u 
ge

br
ee

k 
he

t. 
(4

) 

4.
2 

D
ie

 v
ra

gm
ot

or
 b

ot
s 

te
en

 
 m

uu
r e

n 
ko

m
 to

t r
us

 in
 0

,2
 s

ek
on

de
s.

 

4.
2.

1 
D

ef
in

ie
er

 d
ie

 te
rm

 im
pu

ls
. 

(2
) 

4.
2.

2 
B

er
ek

en
 d

ie
 g

em
id

de
ld

e 
ne

tto
 k

ra
g 

w
at

 d
ie

 m
uu

r 
op

 d
ie

 v
ra

gm
ot

or
 

ui
to

ef
en

. 
(4

) 
[1

0]
 

1 
10

0 
kg

 
80

0 
kg
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8)
 

Ko
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er
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 v
oo

rb
eh

ou
 

B
la

ai
 o

m
 a

ss
eb

lie
f 

VR
A

A
G

 5
  (

B
eg

in
 o

p 
 N

U
W

E 
bl

ad
sy

) 

W
ar

m
lu

gb
al

lo
n 

m
et

 m
as

sa
 2

45
 k

g,
 s

ty
g 

va
na

f d
ie

 g
ro

nd
 a

f o
p,

 o
p 

 w
in

de
rig

e 
da

g.
 

D
ie

 w
in

d 
w

aa
i i

n 
di

e 
rig

tin
g 

so
os

 in
 d

ie
 d

ia
gr

am
 g

et
oo

n 
en

 h
et

 
 k

ra
g 

va
n 

 
1 

87
0 

N
. 

 D
ie

 w
ar

m
 lu

g 
in

 d
ie

 b
al

lo
n 

ve
rs

ka
f 

 o
pw

aa
rts

e 
kr

ag
 v

an
 3

 0
00

 N
 w

at
 

ve
ro

or
sa

ak
 d

at
 d

ie
 b

al
lo

n 
to

t h
et

 
 

be
gi

ns
ne

lh
ei

d 
va

n 
15

 m
.s

-1
. 

5.
1 

Te
ke

n 
 v

ry
el

ig
ga

am
di

ag
ra

m
 m

et
 b

ys
kr

ift
e 

om
 a

l d
ie

 k
ra

gt
e 

w
at

 o
p 

di
e 

ba
llo

n 
in

w
er

k 
te

 to
on

. 
(3

) 

5.
2 

B
er

ek
en

 d
ie

: 

5.
2.

1 
A

rb
ei

d 
ve

rri
g 

de
ur

 d
ie

 g
ra

vi
ta

si
ek

ra
g 

(3
) 

5.
2.

2 
N

et
to

 a
rb

ei
d 

ve
rri

g 
op

 d
ie

 b
al

lo
n 

(4
) 

5.
3 

S
te

l d
ie

 a
rb

ei
d-

en
er

gi
e 

st
el

lin
g 

in
 w

oo
rd

e.
 

(2
) 

5.
4 

G
eb

ru
ik

 d
ie

 a
rb

ei
d-

en
er

gi
e 

st
el

lin
g 

en
 b

er
ek

en
 d

ie
 s

ne
lh

ei
d 

va
n 

di
e 

ba
llo

n 
na

da
t d

it 
12

 m
 g

es
ty

g 
he

t. 
(3

) 
[1

5]
 

W
IN

D

50
° 

(E
C

/S
EP

TE
M

B
ER

 2
01

8)
FI

SI
ES

E 
W

ET
EN

SK
A

PP
E

V1
11

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
Bl

aa
i o

m
 a

ss
eb

lie
f 

VR
A

A
G

 6
 (B

eg
in

 o
p 

 N
U

W
E 

bl
ad

sy
.) 

6.
1 

In
 d

ie
 d

ia
gr

am
 h

ie
ro

nd
er

 is
 

 p
ol

is
ie

m
ot

or
 m

et
 s

y 
si

re
ne

 a
an

, s
til

st
an

de
 tu

ss
en

 
tw

ee
 s

til
st

aa
nd

e 
w

aa
rn

em
er

s.
 

6.
1.

1 
H

oe
 s

al
 d

ie
 fr

ek
w

en
si

e 
w

at
 d

eu
r w

aa
rn

em
er

 1
 w

aa
rg

en
ee

m
 w

or
d,

 
ve

rg
el

yk
 m

et
 d

ie
 fr

ek
w

en
si

e 
w

at
 d

eu
r w

aa
rn

em
er

 2
 w

aa
rg

en
ee

m
 

w
or

d 
te

rw
yl

 d
ie

 m
ot

or
 n

ie
 b

ew
ee

g 
ni

e?
   

K
ie

s 
sl

eg
s:

  G
R

O
TE

R
 A

S
, K

LE
IN

E
R

 A
S

 o
f G

E
LY

K
 A

A
N

. 
G

ee
 

 re
de

 v
ir 

di
e 

an
tw

oo
rd

. 
(2

) 

6.
1.

2 
D

ie
 p

ol
is

ie
m

ot
or

 b
eg

in
 i

n 
di

e 
rig

tin
g 

va
n 

di
e 

py
l 

in
 d

ie
 d

ia
gr

am
 t

e 
be

w
ee

g.
  H

oe
 s

al
 d

ie
 fr

ek
w

en
si

e 
w

at
 d

eu
r w

aa
rn

em
er

 1
 w

aa
rg

en
ee
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eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

1.
3 

'n
 K

le
in

 k
lip

pi
e 

w
or

d 
va

na
f '

n 
ho

og
te

 y
 b

o 
di

e 
gr

on
d 

la
at

 v
al

. D
it 

tre
f d

ie
 g

ro
nd

 
na

 ty
d 

t, 
so

os
 in

 d
ie

 d
ia

gr
am

 h
ie

ro
nd

er
 g

et
oo

n.
  

N
ee

m
 o

pw
aa

rts
 a

s 
di

e 
po

si
tie

w
e 

rig
tin

g 
en

 d
ie

 g
ro

nd
 a

s 
nu

lv
er

w
ys

in
g.

 
Ig

no
re

er
 d

ie
 e

ffe
kt

e 
va

n 
lu

gw
ee

rs
ta

nd
. 

W
at

te
r 

EE
N

 v
an

 d
ie

 v
ol

ge
nd

e 
di

ag
ra

m
m

e 
to

on
 'n

 k
or

re
kt

e 
po

si
si

e-
ty

dg
ra

fie
k 

vi
r d

ie
 b

ew
eg

in
g 

va
n 

di
e 

kl
ip

pi
e?

 

(2
) 

y 

gr
on

d 

● 

B 

   
  t

yd
 

0 y Posisie 

A 

 ty
d 

0 Posisie y 

D
 

   
  t

yd
 

0 Posisie y 

C
 

   
  t

yd
 

0 Posisie y 
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01

8 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

Sa
am

ge
dr

uk
te

 v
ee

r 

m
m

 
m

 

m m
 

m
 

P 

1.
4 

Le
er

de
rs

 
vo

er
 

'n
 

ek
sp

er
im

en
t 

ui
t 

de
ur

 
tw

ee
 

id
en

tie
se

 
tro

llie
s,

 
el

k 
m

et
 

m
as

s a
 m

, 
te

 g
eb

ru
ik

. 
D

ie
 t

ro
llie

s 
w

or
d 

ge
ra

ng
sk

ik
, 

so
os

 i
n 

di
e 

di
ag

ra
m

 
hi

er
on

de
r 

ge
to

on
. H

ul
le

 is
 a

an
va

nk
lik

 in
 r

us
 o

p 
'n

 w
ry

w
in

gl
os

e 
op

pe
rv

la
k 

en
 

w
or

d 
m

et
 'n

 m
as

sa
lo

se
 s

aa
m

ge
dr

uk
te

 v
ee

r v
er

bi
nd

.  

W
an

ne
er

 d
ie

 v
ee

r l
os

ge
la

at
 w

or
d,

 v
al

 d
it 

ve
rti

ka
al

 a
fw

aa
rts

 e
n 

di
e 

en
ke

l t
ro

llie
 

be
w

ee
g 

m
et

 m
om

en
tu

m
 p

 n
a 

lin
ks

.  
D

ie
 g

ro
ot

te
 v

an
 d

ie
 m

om
en

tu
m

 v
an

 d
ie

 t
w

ee
 t

ro
llie

s 
w

at
 n

a 
re

gs
 b

ew
ee

g,
  

sa
l .

.. 
w

ee
s.

 

A B C
 

D
 

2p
 

p 21
p 

41
p 

(2
) 

1.
5 

'n
 P

en
du

lu
m

-s
ki

et
lo

od
 w

or
d 

by
 p

un
t 

P 
bo

 '
n 

ho
ris

on
ta

le
 o

pp
er

vl
ak

 g
el

os
.  

By
 d

ie
 la

ag
st

e 
pu

nt
, Q

, v
an

 s
y 

sw
aa

i b
ot

s 
di

t m
et

 'n
 s

til
st

aa
nd

e 
bl

ok
 w

at
 o

p 
'n

 
w

ry
w

in
gl

os
e 

ho
ris

on
ta

le
 

op
pe

rv
la

k 
ge

le
ë 

is
, 

so
os

 
hi

er
on

de
r 

ge
to

on
. 

Ig
no

re
er

 lu
gw

ry
w

in
g.

 

W
at

te
r 

EE
N

 v
an

 d
ie

 v
ol

ge
nd

e 
ko

m
bi

na
si

es
 v

an
 b

eh
ou

ds
w

et
te

 k
an

 g
eb

ru
ik

 
w

or
d 

om
 d

ie
 s

po
ed

 v
an

 d
ie

 s
ki

et
lo

od
 b

y 
Q

 o
nm

id
de

llik
 v

oo
r e

n 
na

 d
ie

 b
ot

si
ng

 
m

et
 d

ie
 b

lo
k 

te
 b

er
ek

en
? 

SP
O

ED
 B

Y 
Q

 
SP

O
ED

 N
A 

B
O

TS
IN

G
 

A 
Be

ho
ud

 v
an

 m
eg

an
ie

se
 e

ne
rg

ie
 

Be
ho

ud
 v

an
 li

ne
êr

e 
m

om
en

tu
m

 

B 
Be

ho
ud

 v
an

 li
ne

êr
e 

m
om

en
tu

m
 

Be
ho

ud
 v

an
 m

eg
an

ie
se

 e
ne

rg
ie

 

C
 

Be
ho

ud
 v

an
 m

eg
an

ie
se

 e
ne

rg
ie

 
Be

ho
ud

 v
an

 m
eg

an
ie

se
 e

ne
rg

ie
 

D
 

Be
ho

ud
 v

an
 li

ne
êr

e 
m

om
en

tu
m

 
Be

ho
ud

 v
an

 li
ne

êr
e 

m
om

en
tu

m
 

(2
) 

pe
nd

ul
um

-  
sk

ie
tlo

od
 

Q
 

ho
ris

on
ta

le
 o

pp
er

vl
ak

 

bl
ok
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R
 

Q
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1.
6 

W
at

te
r E

EN
 v

an
 d

ie
 s

te
llin

gs
 h

ie
ro

nd
er

 o
or

 d
ie

 D
op

pl
er

-e
ffe

k 
is

 K
O

R
R

EK
? 

A B C
 

D
  

D
ie

 D
op

pl
er

-e
ffe

k 
is

 s
le

gs
 o

p 
kl

an
kg

ol
w

e 
va

n 
to

ep
as

si
ng

. 

D
ie

 
D

op
pl

er
-e

ffe
k 

ka
n 

ge
br

ui
k 

w
or

d 
om

 
di

e 
ui

td
ye

nd
e 

he
el

al
 

te
 

ve
rd

ui
de

lik
. 

El
ek

tro
ne

 w
or

d 
va

na
f 

'n
 m

et
aa

lo
pp

er
vl

ak
 v

ry
ge

st
el

 d
eu

r 
m

id
de

l v
an

 d
ie

 
D

op
pl

er
-e

ffe
k.

 

'n
 S

til
st

aa
nd

e 
lu

is
te

ra
ar

 h
oo

r 
'n

 l
ae

r 
to

on
ho

og
te

 v
an

 d
ie

 k
la

nk
 v

an
 '

n 
si

re
ne

 v
an

 'n
 n

ad
er

en
de

 v
oe

rtu
ig

 a
s 

ge
vo

lg
 v

an
 d

ie
 D

op
pl

er
-e

ffe
k.

 
(2

) 

1.
7 

D
ie

 g
ro

ot
te

 v
an

 d
ie

 e
le

kt
ro

st
at

ie
se

 k
ra

g 
op

 'n
 la

di
ng

 Q
1 

as
 g

ev
ol

g 
va

n 
'n

 a
nd

er
 

la
di

ng
 Q

2 i
s 

F.
 B

ei
de

 la
di

ng
s 

w
or

d 
no

u 
ve

rd
ub

be
l s

on
de

r o
m

 d
ie

 a
fs

ta
nd

 tu
ss

en
 

hu
lle

 te
 v

er
an

de
r. 

 

D
ie

 g
ro

ot
te

 v
an

 d
ie

 n
uw

e 
el

ek
tro

st
at

ie
se

 k
ra

g 
op

 Q
1 s

al
 ..

. w
ee

s.
 

A B C
 

D
 

2F
 

2F
 

4F
 

6F
 

(2
) 

1.
8 

Vi
er

 i
de

nt
ie

se
 g

lo
ei

la
m

pe
, 

P,
 Q

, 
R

 e
n 

S,
 i

s 
aa

n 
'n

 s
el

 i
n 

'n
 s

tro
om

ba
an

 
ge

ko
pp

el
, s

oo
s 

hi
er

on
de

r g
et

oo
n.

 D
ie

 s
el

 h
et

 w
eg

la
at

ba
re

 in
te

rn
e 

w
ee

rs
ta

nd
.  

W
at

te
r 

EE
N

 v
an

 d
ie

 v
ol

ge
nd

e 
st

el
lin

gs
 o

or
 d

ie
 h

el
de

rh
ei

d 
va

n 
gl

oe
ila

m
p 

P,
 Q

, R
 e

n 
S 

is
 K

O
R

R
EK

? 

A B C
 

D
 

P 
gl

oe
i h

el
de

rd
er

 a
s 

R
. 

S 
en

 Q
 g

lo
ei

 h
el

de
rd

er
 a

s 
P 

en
 R

.  
  

P  
en

 R
 g

lo
ei

 h
el

de
rd

er
 a

s 
S 

en
 Q

. 

AL
 d

ie
 g

lo
ei

la
m

pe
 g

lo
ei

 m
et

 d
ie

se
lfd

e 
he

ld
er

he
id

. 
(2

)
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Ek(maks) (J) P 

Q
 

1.
9 

W
at

te
r 

EE
N

 v
an

 d
ie

 e
ne

rg
ie

-o
m

sk
ak

el
in

gs
 h

ie
ro

nd
er

 v
in

d 
pl

aa
s 

w
an

ne
er

 'n
 

G
S-

m
ot

or
 in

 w
er

ki
ng

 is
? 

 

A B C
 

D
  

Ki
ne

tie
s 

na
 e

le
kt

rie
s 

H
itt

e 
na

 m
eg

an
ie

s 

M
eg

an
ie

s 
na

 e
le

kt
rie

s 
 

El
ek

tri
es

 n
a 

m
eg

an
ie

s 
(2

) 

1.
10

 
In

 '
n 

on
de

rs
oe

k 
oo

r 
di

e 
fo

to
-e

le
kt

rie
se

 e
ffe

k 
is

 d
ie

 g
ra

fie
k 

va
n 

m
ak

si
m

um
 

ki
ne

tie
se

 e
ne

rg
ie

 (
E k

(m
ak

s)
) 

te
en

oo
r 

fre
kw

en
si

e 
(f)

 v
ir 

'n
 s

ek
er

e 
m

et
aa

l v
er

kr
y,

 
so

os
 h

ie
ro

nd
er

 g
et

oo
n.

 

D
ie

 a
fs

ni
tte

, P
 e

n 
Q

 o
nd

er
sk

ei
de

lik
, v

er
te

en
w

oo
rd

ig
 ..

. 

A B C
 

D
 

Pl
an

ck
 s

e 
ko

ns
ta

nt
e 

en
 d

ru
m

pe
lfr

ek
w

en
si

e.
 

ar
be

id
sf

un
ks

ie
 e

n 
dr

um
pe

lfr
ek

w
en

si
e.

 

dr
um

pe
l fr

ek
w

en
si

e 
en

 a
rb

e i
ds

fu
nk

si
e.

 

dr
um

pe
l fr

ek
w

en
si

e 
en

 P
la

nc
k 

se
 k

on
st

an
te

. 
(2

) 
[2

0]
 

f (
H

z)
 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
1 

 
8 

   
 D

BE
/F

eb
.–

M
rt.

 2
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N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

Ty
d 

(s
) 

3 

Snelheid (m∙s
-1

) 

2 

Y X 

Z 2 
7 

F 

30
o  

5 
kg

 

P 
Q

 

2 
kg

 
to

ut
jie

 
2 

m
∙s

-1
  

R
uw

e 
op

pe
rv

la
k 

VR
AA

G
 2

   
(B

eg
in

 o
p 

'n
 n

uw
e 

bl
ad

sy
.) 

Tw
ee

 h
ou

er
s,

 P
 e

n 
Q

, 
w

at
 o

p 
'n

 r
uw

e 
ho

ris
on

ta
le

 o
pp

er
vl

ak
 r

us
, 

is
 m

et
 '

n 
lig

te
 

on
re

kb
ar

e 
to

ut
jie

 v
er

bi
nd

. 
D

ie
 h

ou
er

s 
he

t 
m

as
sa

s 
va

n 
5 

kg
 e

n 
2 

kg
 o

nd
er

sk
ei

de
lik

.  
'n

 K
on

st
an

te
 k

ra
g 

F,
 w

at
 te

en
 'n

 h
oe

k 
va

n 
30

o  m
et

 d
ie

 h
or

is
on

ta
al

 in
w

er
k,

 w
or

d 
op

 d
ie

 
5 

kg
 h

ou
er

 to
eg

ep
as

, s
oo

s 
hi

er
on

de
r g

et
oo

n.
 

D
i e

 tw
ee

 h
ou

er
s 

be
w

ee
g 

no
u 

na
 re

gs
 te

en
 'n

 k
on

st
an

te
 s

po
ed

 v
an

 2
 m
∙s

-1
. 

2.
1 

St
el

 N
ew

to
n 

se
 E

er
st

e 
Be

w
eg

in
gs

w
et

 in
 w

oo
rd

e.
 

(2
) 

2.
2 

Te
ke

n 
'n

 b
en

oe
m

de
 v

ry
e 

kr
ag

te
di

ag
ra

m
 v

ir 
ho

ue
r Q

. 
(4

) 

H
ou

er
 P

 o
nd

er
vi

nd
 '

n 
ko

ns
ta

nt
e 

w
ry

w
in

gs
kr

ag
 v

an
 5

 N
 e

n 
ho

ue
r 

Q
 '

n 
ko

ns
ta

nt
e 

w
ry

w
in

gs
kr

ag
 v

an
 3

 N
. 

D
ie

 t
ou

tji
e 

w
at

 P
 e

n 
Q

 v
er

bi
nd

, 
br

ee
k 

sk
ie

lik
 n

a 
3 

s 
te

rw
yl

 k
ra

g 
F 

st
ee

ds
 

to
eg

ep
as

 w
or

d.
 

Le
er

de
rs

 te
ke

n 
di

e 
sn

el
he

id
-ty

dg
ra

fie
k 

vi
r 

di
e 

be
w

eg
in

g 
va

n 
P 

en
 Q

 v
oo

r 
en

 
na

da
t d

ie
 to

ut
jie

 g
eb

re
ek

 h
et

, s
oo

s 
hi

er
on

de
r g

et
oo

n.
 

2.
4 

Sk
ry

f d
ie

 ty
d 

to
e 

di
e 

to
ut

jie
 g

eb
re

ek
 h

et
, n

ee
r. 

(1
) 

2.
5 

W
at

te
r g

ed
ee

lte
 (X

, Y
 o

f Z
) v

an
 d

ie
 g

ra
fie

k 
ve

rte
en

w
oo

rd
ig

 d
ie

 b
ew

eg
in

g 
va

n 
ho

ue
r Q

 n
ad

at
 d

ie
 to

ut
jie

 g
eb

re
ek

 h
et

? 
G

eb
ru

ik
 d

ie
 in

lig
tin

g 
in

 d
ie

 g
ra

fie
k 

om
 

di
e 

an
tw

oo
rd

 v
ol

le
di

g 
te

 o
nd

er
st

eu
n.

 
(4

) 
[1

7]
 

2.
3 

Be
re

ke
n 

di
e 

gr
oo

tte
 v

an
 k

ra
g 

F.
 

(6
)



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
1 

 
9 

   
 D

BE
/F

eb
.–

M
rt.

 2
01

8 
N

SS
 

Ko
pi

er
eg

 v
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eh
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Bl
aa

i o
m

 a
ss

eb
lie

f 

snelheid (m∙s
-1

) 

ty
d 

(s
) 

29
,6

 

10
 

2 
2,

2 

X

4,
95

5 

27
 

7,
71

 

-2
5

 T
 

8 
0 

VR
AA

G
 3

   
(B

eg
in

 o
p 

'n
 n

uw
e 

bl
ad

sy
.) 

'n
 B

al
 w

or
d 

ve
rt

ik
aa

l a
fw

aa
rt

s 
va

na
f d

ie
 b

op
un

t v
an

 'n
 g

eb
ou

 g
eg

oo
i e

n 
bo

ns
 'n

 p
aa

r 
ke

er
 w

an
ne

er
 d

it 
di

e 
gr

on
d 

tre
f. 

D
ie

 s
ne

lh
ei

d-
ty

d 
gr

af
ie

k 
hi

er
on

de
r 

be
sk

ry
f 

di
e 

be
w

eg
in

g 
va

n 
di

e 
ba

l v
an

af
 d

ie
 ty

d 
w

at
 d

it 
ge

go
oi

 is
, t

ot
 o

p 
'n

 s
ek

er
e 

ty
d 

T.
  

N
ee

m
 a

fw
aa

rts
 a

s 
di

e 
po

si
tie

w
e 

rig
tin

g 
en

 d
ie

 g
ro

nd
 a

s 
nu

lv
er

w
ys

in
g.

 D
ie

 g
ra

fie
k 

is
 

N
IE

 v
ol

ge
ns

 s
ka

al
 g

et
ek

en
 N

IE
. D

ie
 e

ffe
kt

e 
va

n 
lu

gw
ee

rs
ta

nd
 k

an
 g

eï
gn

or
ee

r w
or

d.
 

      3.
1 

Sk
ry

f d
ie

 s
po

ed
 w

aa
rm

ee
 d

ie
 b

al
 a

fw
aa

rts
 g

eg
oo

i i
s,

 n
ee

r. 
(1

) 

3.
2 

AL
LE

 d
el

e 
va

n 
di

e 
gr

af
ie

k 
he

t d
ie

se
lfd

e 
gr

ad
ië

nt
 (h

el
lin

g)
. G

ee
 'n

 re
de

 h
ie

rv
oo

r. 
(2

) 

3.
3 

Be
re

ke
n 

di
e:

  

3.
3.

1 
H

oo
gt

e 
w

aa
rv

an
da

an
 d

ie
 b

al
 g

eg
oo

i i
s 

 
(3

) 

3.
3.

2 
Ty

d 
(T

) g
et

oo
n 

op
 d

ie
 g

ra
fie

k 
(4

) 

3.
4 

Sk
ry

f n
ee

r d
ie

: 

3.
4.

1 
Ty

d 
w

at
 d

ie
 b

al
 m

et
 d

ie
 g

ro
nd

 in
 k

on
ta

k 
is

 m
et

 d
ie

 e
er

st
e 

bo
ns

 
(1

) 

3.
4.

2 
Ty

d 
w

an
ne

er
 d

ie
 b

al
 s

y 
m

ak
si

m
um

 h
oo

gt
e 

na
 d

ie
 e

er
st

e 
bo

ns
 

be
re

ik
 

(2
) 

3.
4.

3 
W

aa
rd

e 
va

n 
X 

(1
) 

3.
5 

Is
 d

ie
 b

ot
si

ng
 v

an
 d

ie
 b

al
 m

et
 d

ie
 g

ro
nd

 e
la

st
ie

s 
of

 o
ne

la
st

ie
s?

 G
ee

 'n
 re

de
 v

ir 
di

e 
an

tw
oo

rd
 d

eu
r i

nl
ig

tin
g 

in
 d

ie
 g

ra
fie

k 
te

 g
eb

ru
ik

. 
(2

) 
[1

6]
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/F
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M
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 2

01
8 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

ka
t 

A
 

B
 

op
pe

rv
la

k 

A
 

B
 

ka
t 

3 
m
∙s

-1
 

op
pe

rv
la

k 

VR
AA

G
 4

   
(B

eg
in

 o
p 

'n
 n

uw
e 

bl
ad

sy
.) 

D
ie

 d
ia

gr
am

 h
ie

ro
nd

er
 to

on
 tw

ee
 s

ka
at

sp
la

nk
e,

 A
 e

n 
B

, a
an

va
nk

lik
 in

 r
us

, m
et

 'n
 k

at
 

w
at

 o
p 

sk
aa

ts
pl

an
k 

A 
st

aa
n.

 D
ie

 s
ka

at
sp

la
nk

e 
is

 in
 'n

 re
gu

itl
yn

, e
en

 v
oo

r d
ie

 a
nd

er
 e

n 
'n

 k
or

t a
fs

ta
nd

 v
an

 m
ek

aa
r a

f. 
D

ie
 o

pp
er

vl
ak

 is
 p

la
t, 

w
ry

w
in

gl
oo

s 
en

 h
or

is
on

ta
al

. 

4.
1 

St
el

 d
ie

 b
eg

in
se

l v
an

 b
eh

ou
d 

va
n 

lin
eê

re
 m

om
en

tu
m

 in
 w

oo
rd

e.
 

(2
) 

EL
KE

 s
ka

at
sp

la
nk

 h
et

 'n
 m

as
sa

 v
an

 3
,5

 k
g.

 D
ie

 k
at

, m
et

 m
as

sa
 2

,6
 k

g,
 s

pr
in

g 
va

na
f 

sk
aa

ts
pl

an
k 

A 
m

et
 'n

 h
or

is
on

ta
le

 s
ne

lh
ei

d 
va

n 
3 

m
∙s

-1
 e

n 
la

nd
 o

p 
sk

aa
ts

pl
an

k 
B

 m
et

 
di

es
el

fd
e 

sn
el

he
id

 v
an

 3
 m
∙s

-1
. 

Ve
rw

y s
 n

a 
di

e 
di

ag
ra

m
 h

ie
ro

nd
er

. 

4.
2 

Be
re

ke
n 

di
e 

sn
el

he
id

 
va

n 
sk

aa
ts

pl
an

k 
A 

ne
t 

na
da

t 
di

e 
ka

t 
da

ar
va

n 
af

ge
sp

rin
g.

 
(5

) 

4.
3 

O
nm

id
de

llik
 n

ad
at

 d
ie

 k
at

 g
el

an
d 

he
t, 

be
w

ee
g 

di
e 

ka
t 

en
 s

ka
at

sp
la

nk
 B

 
ho

ris
on

ta
al

 n
a 

re
gs

 te
en

 1
,2

8 
m
∙s

-1
. 

Be
re

ke
n 

di
e 

gr
oo

tte
 v

an
 d

ie
 im

pu
ls

 o
p 

sk
aa

ts
pl

an
k 

B
 a

s 
ge

vo
lg

 v
an

 d
ie

 k
at

 s
e 

la
nd

in
g.

 
(3

) 
[1

0]
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Ko
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er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

30
o 

P

Q

3 
m

 

R
 

5 
m

 

VR
AA

G
 5

   
(B

eg
in

 o
p 

'n
 n

uw
e 

bl
ad

sy
.) 

5.
2 

Be
re

ke
n 

di
e 

sp
oe

d 
va

n 
di

e 
le

er
de

r b
y 

Q
. 

(4
) 

D
ie

 
ki

ne
tie

se
 

w
ry

w
in

gs
ko

ëf
fis

ië
nt

 
(μ

k) 
tu

ss
en

 
di

e 
le

er
de

r 
en

 
di

e 
op

pe
rv

la
k 

va
n 

ge
de

el
te

 Q
R

 is
 0

,0
8.

  

'n
 G

ly
ba

an
, 

PQ
R

, 
by

 'n
 p

re
tp

ar
k 

be
st

aa
n 

ui
t 

'n
 g

eb
oë

 w
ry

w
in

gl
os

e 
ge

de
el

te
, 

PQ
, e

n 
 

'n
 re

gu
it 

ru
w

e 
ge

de
el

te
, Q

R
, t

ee
n 

'n
 h

el
lin

g 
va

n 
30

o  m
et

 d
ie

 h
or

is
on

ta
al

. D
ie

 b
eg

in
pu

nt
, 

P ,
 is

 3
 m

 b
o 

pu
nt

 Q
. D

ie
 re

gu
it 

 g
ed

ee
lte

, Q
R

, i
s 

5 
m

 la
nk

. 

'n
 L

ee
rd

er
, m

et
 m

as
sa

 5
0 

kg
, b

eg
in

 u
it 

ru
s 

by
 P

 e
n 

gl
y 

la
ng

s 
ge

de
el

te
 P

Q
 a

f e
n 

gl
y 

ve
rd

er
 m

et
 d

ie
 re

gu
it 

ge
de

el
te

, Q
R

, a
f. 

5.
1 

St
el

 d
ie

 w
et

 v
an

 b
eh

ou
d 

va
n 

m
eg

an
ie

se
 e

ne
rg

ie
 in

 w
oo

rd
e.

 
(2

) 

5.
3 

Te
ke

n 
'n

 b
en

oe
m

de
 v

ry
e 

kr
ag

te
di

ag
ra

m
 v

ir 
di

e 
le

er
de

r 
te

rw
yl

 h
y/

sy
 o

p 
 

ge
de

el
te

 Q
R

 is
. 

(3
) 

5.
4 

Be
re

ke
n 

di
e 

gr
oo

tte
 v

an
 d

ie
 k

in
et

ie
se

 w
ry

w
in

gs
kr

ag
 w

at
 o

p 
di

e 
le

er
de

r i
nw

er
k 

w
an

ne
er

 d
ie

 le
er

de
r o

p 
ge

de
el

te
 Q

R
 is

. 
(3

) 

5.
5 

G
eb

ru
ik

 e
ne

rg
ie

be
gi

ns
el

s 
om

 d
ie

 s
po

ed
 v

an
 d

ie
 le

er
de

r b
y 

pu
nt

 R
 te

 b
er

ek
en

.  
(5

) 
[1

7]
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01
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N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

W
aa

rn
em

er
 A

 
W

aa
rn

em
er

 B
 

  P
ol

is
ie

m
ot

or
 

VR
AA

G
 6

   
(B

eg
in

 o
p 

'n
 n

uw
e 

bl
ad

sy
.) 

'n
 P

ol
is

ie
m

ot
or

 b
ew

ee
g 

te
en

 '
n 

ko
ns

ta
nt

e 
sn

el
he

id
 o

p 
'n

 r
eg

ui
t 

ho
ris

on
ta

le
 p

ad
.  

D
ie

 s
ire

ne
 v

an
 d

ie
 m

ot
or

 b
rin

g 
kl

an
k 

m
et

 'n
 k

on
st

an
te

 fr
ek

w
en

si
e 

vo
or

t. 
EL

K 
va

n 
tw

ee
 w

aa
rn

em
er

s,
 A

 e
n 

B
, w

at
 o

p 
'n

 a
fs

ta
nd

 v
an

 m
ek

aa
r a

an
 d

ie
se

lfd
e 

ka
nt

 
va

n 
di

e 
pa

d 
st

aa
n,

 te
ke

n 
di

e 
fre

kw
en

si
e 

va
n 

di
e 

kl
an

k 
w

at
 w

aa
rg

en
ee

m
 w

or
d,

 a
an

.  

W
aa

rn
em

er
 A

 t
ek

en
 '

n 
fre

kw
en

si
e 

va
n 

69
0 

H
z 

aa
n 

en
 w

aa
rn

em
er

 B
 t

ek
en

 '
n 

fre
kw

en
si

e 
va

n 
61

0 
H

z 
aa

n.
 

6.
1 

St
el

 d
ie

 D
op

pl
er

-e
ffe

k 
in

 w
oo

rd
e.

 
(2

) 

6.
2 

In
 

w
at

te
r 

rig
tin

g 
be

w
ee

g 
di

e 
m

ot
or

? 
Ki

es
 

ui
t 

N
A 

A 
of

 W
EG

 
VA

N
 

A.
  

G
ee

 'n
 re

de
 v

ir 
di

e 
an

tw
oo

rd
. 

(2
) 

6.
3 

Be
pa

al
 d

ie
 s

po
ed

 v
an

 d
ie

 p
ol

is
ie

m
ot

or
. 

N
ee

m
 d

ie
 s

po
ed

 v
an

 k
la

nk
 i

n 
lu

g 
as

 3
40

 m
.s

-1
. 

(6
) 

6.
4 

N
oe

m
 E

EN
 to

ep
as

si
ng

 v
an

 d
ie

 D
op

pl
er

-e
ffe

k.
 

(1
) 

[1
1]
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BE

/F
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M

rt.
 2

01
8 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

 A
 

 P
 

0,
5 

m
 

● 

0,
1 

m
 

S 
+

1,
5 

x 
10

-9
  C

0,
2 

m
 

R
 

P 
-2

 x
 1

0-9
  C

VR
AA

G
 7

   
(B

eg
in

 o
p 

'n
 n

uw
e 

bl
ad

sy
.) 

Tw
ee

 p
un

tla
di

ng
s,

 P
 e

n 
S,

 w
or

d 
op

 '
n 

af
st

an
d 

va
n 

0,
1 

m
 v

an
 m

ek
aa

r 
ge

pl
aa

s.
  

D
ie

 la
di

ng
 o

p 
P 

is
 +

 1
,5

 x
 1

0-9
 C

 e
n 

op
 S

 is
 d

it 
-2

 x
 1

0-9
 C

.  
'n

 D
er

de
 p

un
tla

di
ng

, 
R

, m
et

 'n
 o

nb
ek

en
de

 p
os

iti
ew

e 
la

di
ng

, w
or

d 
0,

2 
m

 n
a 

re
gs

 v
an

 
pu

nt
la

di
ng

 S
 g

ep
la

as
, s

oo
s 

in
 d

ie
 d

ia
gr

am
 h

ie
ro

nd
er

 g
et

oo
n.

 

7.
1 

St
el

 C
ou

lo
m

b 
se

 W
et

 in
 w

oo
rd

e.
 

(2
) 

7.
2 

Te
ke

n 
'n

 b
en

oe
m

de
 k

ra
gt

ed
ia

gr
am

 w
at

 d
ie

 e
le

kt
ro

st
at

ie
se

 k
ra

gt
e 

to
on

 w
at

 o
p 

R
 a

s 
ge

vo
lg

 v
an

 P
 e

n 
S 

in
w

er
k.

 
(2

) 

7.
3 

Be
re

ke
n 

di
e 

gr
oo

tte
 v

an
 d

ie
 la

di
ng

 o
p 

R
, a

s 
di

t 
'n

 n
et

to
 e

le
kt

ro
st

at
ie

se
 k

ra
g 

va
n 

1,
27

 x
 1

0-6
 N

 n
a 

lin
ks

 o
nd

er
vi

nd
. 

N
ee

m
 k

ra
gt

e 
na

 re
gs

 g
er

ig
 a

s 
po

si
tie

f. 
(7

) 
[1

1]
 

VR
AA

G
 8

   
(B

eg
in

 o
p 

'n
 n

uw
e 

bl
ad

sy
.) 

P 
is

 'n
 p

un
t 0

,5
 m

 v
an

af
 'n

 g
el

aa
id

e 
sf

ee
r 

A.
 D

ie
 e

le
kt

rie
se

 v
el

d 
by

 P
 is

 3
 x

 1
07  N

∙C
-1

  
in

 d
ie

 ri
gt

in
g 

va
n 

A.
 V

er
w

ys
 n

a 
di

e 
di

ag
ra

m
 h

ie
ro

nd
er

. 

8.
1 

Te
ke

n 
di

e 
el

ek
tri

es
ev

el
d-

pa
tro

on
 

as
 

ge
vo

lg
 

va
n 

ge
la

ai
de

 
sf

ee
r 

A.
 

D
ui

 d
ie

 te
ke

n 
va

n 
di

e 
la

di
ng

 o
p 

di
e 

sf
ee

r i
n 

jo
u 

di
ag

ra
m

 a
an

. 
(2

) 

8.
2 

Be
re

ke
n 

di
e 

gr
oo

tte
 v

an
 d

ie
 la

di
ng

 o
p 

sf
ee

r A
. 

(3
) 

N
og

 
'n

 
ge

la
ai

de
 

sf
ee

r, 
B

, 
m

et
 

'n
 

oo
rm

aa
t 

va
n 

10
5 -e

le
kt

ro
ne

, 
w

or
d 

no
u 

by
 

pu
nt

 P
 g

ep
la

as
. 

8.
3 

Be
re

ke
n 

di
e 

el
ek

tro
st

at
ie

se
 k

ra
g 

w
at

 d
eu

r s
fe

er
 B

 o
nd

er
vi

nd
 w

or
d.

 
(6

) 
[1

1]
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/F
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rt.
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01
8 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

10
 Ω

 

 1
5 
Ω

 

10
 Ω

 

ℇ 
= 

6 
V 

A 

2 
Ω

 

Q
 

R
 

P 

S 

V 

VR
AA

G
 9

 (B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 

9.
1 

D
ie

 
tw

ee
 

gr
af

ie
ke

 
hi

er
on

de
r 

to
on

 
di

e 
ve

rw
an

ts
ka

p 
tu

ss
en

 
st

ro
om

 
en

 
po

te
ns

ia
al

ve
rs

ki
l v

ir 
tw

ee
 v

er
sk

ille
nd

e 
ge

le
ie

rs
, X

 e
n 

Y.
 

9.
1.

1 
St

el
 O

hm
 s

e 
w

et
 in

 w
oo

rd
e.

 
(2

) 

9.
1.

2 
W

at
te

r E
EN

 v
an

 d
ie

 tw
ee

 g
el

ei
er

s,
 X

 o
f Y

, i
s 

oh
m

ie
s?

 

Ve
rw

ys
 n

a 
di

e 
gr

af
ie

k 
en

 g
ee

 ' n
 re

de
 v

ir 
di

e 
an

tw
oo

rd
. 

(2
) 

9.
2 

In
 d

ie
 d

ia
gr

am
 h

ie
ro

nd
er

 is
 d

rie
 re

si
st

or
s 

P,
 Q

 e
n 

R
 a

an
 'n

 b
at

te
ry

 m
et

 'n
 e

m
k 

va
n 

6 
V 

en
 'n

 in
te

rn
e 

w
ee

rs
ta

nd
 v

an
 2

 Ω
 g

ek
op

pe
l. 

'n
 V

ol
tm

et
er

 V
 is

 o
or

 d
ie

 
ba

tte
ry

 g
es

ka
ke

l. 
D

ie
 a

m
m

et
er

 A
 h

et
 'n

 w
eg

la
at

ba
re

 w
ee

rs
ta

nd
. 

9.
2.

1 
Be

re
ke

n 
di

e 
am

m
et

er
le

si
ng

 w
an

ne
er

 s
ka

ke
la

ar
 S

 g
es

lu
it 

is
. 

(5
) 

G
ra

fie
ke

 v
an

 I 
te

en
oo

r V
 v

ir 
tw

ee
 v

er
sk

ille
nd

e 
ge

le
ie

rs
, X

 e
n 

Y 

Y 

X 

Stroom I (mA) 

Po
te

ns
ia

al
ve

rs
ki

l (
V)

 
0 
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BE

/F
eb
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rt.
 2

01
8 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

D
ie

 s
ka

ke
la

ar
 S

 is
 n

ou
 o

op
. 

9.
2.

2 
Sa

l 
di

e 
am

m
et

er
le

si
ng

 i
n 

VR
AA

G
 9

.2
.1

 T
O

EN
EE

M
, 

AF
N

EE
M

 o
f 

D
IE

SE
LF

D
E 

BL
Y?

 G
ee

 'n
 re

de
 v

ir 
di

e 
an

tw
oo

rd
. 

(2
) 

9.
2.

3 
H

oe
 s

al
 d

ie
 v

ol
tm

et
er

le
si

ng
 n

ou
 m

et
 d

ie
 v

ol
tm

et
er

le
si

ng
 v

er
ge

ly
k 

w
an

ne
er

 d
ie

 s
ka

ke
la

ar
 g

es
lu

it 
is

? 
Ki

es
 u

it:
 T

O
EN

EE
M

, A
FN

EE
M

 o
f 

D
IE

SE
LF

D
E 

BL
Y.

 
(1

) 

9.
2.

4 
Ve

rd
ui

de
lik

 d
ie

 a
nt

w
oo

rd
 o

p 
VR

AA
G

 9
.2

.3
. 

(3
) 

[1
5]

 

VR
AA

G
 1

0 
  (

B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 

10
.1

 
Le

er
de

rs
 w

il 
'n

 k
le

in
 G

S-
m

ot
or

 a
s 

'n
 p

ro
je

k 
bo

u.
 

Sk
ry

f D
R

IE
 n

oo
ds

aa
kl

ik
e 

ko
m

po
ne

nt
e 

ne
er

 w
at

 n
od

ig
 is

 o
m

 d
ie

 m
ot

or
 te

 b
ou

. 
(3

) 

10
.2

 
'n

 E
le

kt
rie

se
 t

oe
st

el
 m

et
 'n

 w
ee

rs
ta

nd
 v

an
 1

1 
Ω

 is
 a

an
 'n

 W
S-

br
on

 m
et

 'n
 

w
gk

-s
pa

nn
in

g 
va

n 
24

0 
V 

ge
ko

pp
el

 

10
.2

.1
 

D
ef

in
ie

er
 d

ie
 te

rm
 w

gk
-s

pa
nn

in
g.

 
(2

) 

10
.2

.2
 

Be
re

ke
n 

di
e 

m
ak

si
m

um
 (p

ie
k-

) s
tro

om
 w

at
 d

eu
r d

ie
 to

es
te

l v
lo

ei
. 

(4
) 

[9
] 
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BE

/F
eb
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rt.
 2

01
8 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

A 

M
on

oc
hr

om
at

ie
se

 li
g 

 
M

et
aa

lp
la

at
 

VR
AA

G
 1

1 
  (

B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 

11
.1

 
In

 d
ie

 d
ia

gr
am

 h
ie

ro
nd

er
 v

al
 m

on
oc

hr
om

at
ie

se
 li

g 
in

 o
p 

di
e 

m
et

aa
lp

la
at

 v
an

 
'n

 fo
to

se
l. 

'n
 S

en
si

tie
w

e 
am

m
et

er
 to

on
 'n

 le
si

ng
. 

 
 

11
.1

.1
 

H
oe

 v
er

ge
ly

k 
di

e 
en

er
gi

e 
va

n 
di

e 
fo

to
ne

 v
an

 d
ie

 in
va

lle
nd

e 
lig

 m
et

 
di

e 
ar

be
id

sf
un

ks
ie

 v
an
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o 
m

et
 d

ie
 h

or
is

on
ta

al
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en
 'n

 ru
w

e 
sk

ui
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ak
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et
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k.
  

K
ra

g 
F 
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 p

ar
al

le
l a

an
 d

ie
 s
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in

sv
la

k,
 s

oo
s 

in
 d

ie
 d

ia
gr

am
 h

ie
ro

nd
er
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et

oo
n.

 

2.
1.

1 
S

te
l N

ew
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n 
se

 E
er
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e 

W
et

 in
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oo
rd

e.
 

(2
) 

2.
1.

2 
Te

ke
n 

'n
 b

en
oe

m
de

 v
ry

e 
kr

ag
te

di
ag

ra
m

 v
ir 

bl
ok

 P
. 

 
(4

)

D
ie

 
ki

ne
tie

se
 

w
ry

w
in

gs
kr

ag
 

tu
ss

en
 

di
e 

bl
ok

 
en

 
di

e 
op

pe
rv

la
k 

va
n 

di
e 

sk
ui

ns
vl

ak
 is

 2
0,

37
 N

. 

2.
1.

3 
B

er
ek

en
 d

ie
 g

ro
ot

te
 v

an
 k

ra
g 

F.
 

 
(5

)

K
ra

g 
F 

w
or

d 
no

u 
ve

rw
yd

er
 e

n 
di

e 
bl

ok
 V

E
R

S
N

E
L 

te
en

 d
ie

 h
el

lin
g 

af
. 

D
ie

 k
in

et
ie

se
 w

ry
w

in
gs
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ag

 b
ly

 2
0,

37
 N

. 

2.
1.

4 
B

er
ek

en
 d

ie
 g

ro
ot

te
 v

an
 d

ie
 v

er
sn

el
lin

g 
va

n 
di

e 
bl

ok
. 

(4
) 

2.
2 

'n
 2

00
 k

g-
ro
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 lê

 o
p 

di
e 

op
pe
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la

k 
va

n 
'n

 p
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ne
et

. 
D

ie
 v

er
sn

el
lin

g 
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ev

ol
g 

va
n 
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av

ita
si

e 
op

 d
ie

 o
pp

er
vl

ak
 v

an
 d

ie
 p

la
ne

et
 is

 6
,0

 m
·s

-2
. 

2.
2.

1 
S

te
l N

ew
to

n 
se

 U
ni

ve
rs

el
e 

G
ra

vi
ta

si
ew

et
 in

 w
oo

rd
e.

 
(2

) 

2.
2.

2 
B

er
ek

en
 d

ie
 m

as
sa

 v
an

 d
ie

 p
la

ne
et

 in
di

en
 s

y 
ra

di
us

 7
00

 k
m

 is
. 

(4
) 
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er
eg

 v
oo
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ou
 

Bl
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i o
m
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f 

B
 

A
 -1

 

gr
on

d 

h 

v 

VR
A

A
G

 3
  (

B
eg

in
 o

p 
'n

 n
uw

e 
bl
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.)

K
lip

 A
 w

or
d 

ve
rti

ka
al

 o
pw

aa
rts

 g
ep

ro
je

kt
ee

r 
te

en
 '

n 
sp

oe
d 

va
n 

12
 m

-1
 
va

na
f 

'n
 

ho
og

te
 h

 b
ok

an
t d

ie
 g

ro
nd

. I
gn

or
ee

r d
ie

 e
ffe

kt
e 

va
n 

lu
gw

ee
rs

ta
nd

. 

3.
1 

B
er

ek
en

 d
ie

 ty
d 

w
at

 k
lip

 A
 n

ee
m

 o
m

 s
y 

m
ak

si
m

um
 h

oo
gt

e 
te

 b
er

ei
k.

 
(3

) 

O
p 

di
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el
fd

e 
oo

m
bl

ik
 w

at
 k

lip
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pw
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ro
je
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ee

r 
w

or
d,
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or

d 
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ip
 B

 v
an

af
 

di
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el
fd

e 
ho

og
te

 m
et

 'n
 o
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ek

en
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ed
, v

, v
er

tik
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l a
fw
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rts

 g
eg

oo
i. 

V
er

w
ys

 n
a 

di
e 

di
ag

ra
m

 h
ie

ro
nd

er
. 

W
an

ne
er

 k
lip

 A
 s

y 
m

ak
si

m
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 h
oo

gt
e 

be
re

ik
, i

s 
di

e 
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oe
d 

va
n 
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ip

 B
 3

v.
 

3.
2 

B
er

ek
en

 d
ie

 s
po

ed
, v

, w
aa
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ee

 k
lip

 B
 a

fw
aa

rts
 g

eg
oo

i w
or

d.
 

 
(4

) 

D
ie

 o
om

bl
ik

 w
at

 k
lip

 A
 s

y 
aa

nv
an

kl
ik

e 
po

si
si

e 
op

 s
y 

pa
d 

af
w

aa
rts

 v
er

by
st

ee
k,

 t
re

f 
kl

ip
 B

 d
ie

 g
ro

nd
. 

3.
3 

B
er

ek
en

 d
ie

 h
oo

gt
e 

h.
 

 
(3

)

3.
4 

S
ke
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 s

ne
lh

ei
d-

ty
d-

gr
af

ie
ke

 v
ir 

di
e 

vo
lle

di
ge

 b
ew

eg
in
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 v

an
 k

lip
 A

 e
n 

B
 o

p 
di

es
el

fd
e 
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l. 

B
en
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m
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u 

gr
af
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ke
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ir 
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ip

 A
 e

n 
B

 d
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de
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. 

To
on

 d
ie

 v
ol

ge
nd

e 
op

 d
ie

 g
ra

fie
ke

: 

 
D

ie
 ty

d 
w

at
 d

it 
kl

ip
 A

 n
ee

m
 o

m
 s

y 
m

ak
si

m
um

 h
oo

gt
e 

te
 b

er
ei

k 
 

D
ie
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ne

lh
ei

d 
w
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ee
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 B

 a
fw

aa
rts
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eg

oo
i w
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d 

(4
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VO
O

R
 

S
 

O
 

W
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N
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x 
  x
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A
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G
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  (

B
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p 
'n
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e 
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sy

.)

'n
 2

 k
g-

bl
ok

 in
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s 
op

 'n
 g
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dd

e,
 w

ry
w

in
gl

os
e,

 h
or

is
on

ta
le

 ta
fe

l. 
D

ie
 le

ng
te

 v
an

 d
ie

 b
lo

k 
is

 x
. 

'n
 K

oe
ël

 m
et

 m
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sa
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,0
15

 k
g,
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at
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w
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rts
 te
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ew
ee
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ef
 d
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k 

en
 

be
w

ee
g 
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eu
r m
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 k
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st

an
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er
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el
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g.

 V
er

w
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a 
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e 
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m
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ie

ro
nd

er
. I
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ee
r 

en
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e 
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 m
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 d
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 k
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ël
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n 

di
e 
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. 

    4.
1 

S
te

l d
ie
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eg
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l v
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 b
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d 
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n 

lin
eê

re
 m
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en

tu
m
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e.
 

 
(2

) 

D
ie

 b
lo

k 
be

w
ee

g 
oo
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aa

rts
 t

ee
n 

-1
 n

ad
at

 d
ie
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oe

ël
 d
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it 
te

 v
oo
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ky

n 
ge

ko
m
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et

. 

4.
2 

B
er

ek
en

 d
ie

 g
ro

ot
te
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an

 d
ie
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ne

lh
ei

d 
va

n 
di

e 
ko

eë
l o

nm
id

de
lli

k 
na

da
t 

di
t 
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t 

di
e 

bl
ok

 te
 v

oo
rs
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n 
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m

. 
(4

) 

4.
3 

In
di

en
 d

it 
di

e 
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eë
l 0

,0
02

 s
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ee
m
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m

 d
eu

r 
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e 
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e 
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w
ee

g,
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er
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en
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ng
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, v
an

 d
ie
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k.
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In
 d
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 d
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gr

am
 h

ie
ro

nd
er
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or
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'n

 4
 k
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ok
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 o

p 
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uw
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vl
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 lê
, 
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n 

'n
 6

 k
g-

bl
ok

 v
er
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nd

 m
et

 'n
 li

gt
e,

 o
nr

ek
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 t

ou
tji

e 
w

at
 o

or
 'n

 li
gt

e,
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ry
w
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gl
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e 
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l h
an

g.
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nk
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d 
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e 
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ke
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U

S
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E
H

O
U

. 

5.
1 

S
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l d
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g 
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oo
rd

e.
  

(2
) 

W
an

ne
er

 d
ie

 b
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e 
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t 
w
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 d
ie

 6
 k

g-
bl

ok
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r 
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e 
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d 
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n 
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6 

m
. 

5.
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 b
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m
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e 
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m
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ir 
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6 
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) 

5.
3 

B
er

ek
en

 d
ie

 a
rb
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d 

w
at
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eu

r d
ie
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ra

vi
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si
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g 
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 d
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 6

 k
g-

bl
ok
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er
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d.
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) 

D
ie

 k
in

et
ie
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 w

ry
w

in
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ko
ëf

fis
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 tu
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en

 d
ie

 4
 k

g-
bl

ok
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n 
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e 
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4.
 Ig
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 d
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e 
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n 
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. 

5.
4 

G
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 e
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s 
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 d
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po

ed
 v

an
 d
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 6

 k
g-
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ok

 t
e 
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n 

w
an

ne
er

 d
it 
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 1
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 m
 v

al
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er
w
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 d

it 
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 d
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 k
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ok
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. 
(5

) 
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0 
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VR
A

A
G

 6
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'n
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.)
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ie
m

ot
or
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 t
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d 
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'n

 s
til

st
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D
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fie
k 
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 d
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w
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6.
1  

S
te

l d
ie

 D
op

pl
er

-e
ffe

k 
in
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oo

rd
e.

  
(2

) 

6.
2 

S
kr

yf
 d

ie
 fr
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w

en
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e 
va

n 
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e 
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k 
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 d
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aa
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m

 
w
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d 
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 d
ie
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m
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: 

6.
2.

1 
D

ie
 lu

is
te

ra
ar

 n
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(1
) 

6.
2.

2 
W
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 v

an
 d

ie
 lu

is
te

ra
ar

 a
f b

ew
ee

g 
  

(1
) 

6.
3 

B
er

ek
en

 d
ie

 s
po

ed
 v

an
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ie
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ie
m

ot
or

. N
ee

m
 d
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 k
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g 
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. 
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) 
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s 
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n 
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 1
0-6
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0-6
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7.
1 
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l C
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lo
m
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se
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oo
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e.
 

(2
) 

7.
2 

B
er

ek
en

 d
ie

 g
ro

ot
te

 v
an

 d
ie

 e
le
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st
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ie
se
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ra

g 
w

at
 d

eu
r 
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de
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er
 X
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d 

w
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d.
 

(4
) 

'n
 D
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fe

er
, 

Z,
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et
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n 
on
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ke

nd
e 

ne
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tie
w

e 
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w

or
d 
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u 
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 '

n 
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an

d 
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n 
0,
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 m

 o
nd

er
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nt
 s

fe
er
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 o

p 
só

 'n
 m

an
ie

r g
ep
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 d
ie

 ly
n 

w
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e 
sf
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r X

 
en

 Y
 v
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nd
, l

oo
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eg
 is
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p 

di
e 
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n 

w
at

 d
ie
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el

aa
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e 
sf

ee
r 

Y 
en

 Z
 v

er
bi

nd
, s

oo
s 

in
 d

ie
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m
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n.
 

7.
3 

Te
ke

n 
'n
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ek
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rd

ia
gr

am
 w

at
 d

ie
 r

ig
tin

gs
 v

an
 d

ie
 e

le
kt

ro
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ie

se
 k

ra
gt

e 
en

 d
ie

 
ne

tto
 k

ra
g 

to
on

 w
at

 d
eu

r 
ge

la
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de
 s

fe
er

 Y
 o

nd
er

vi
nd

 w
or

d 
as

 g
ev

ol
g 

va
n 

di
e 

te
en

w
oo

rd
ig
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id

 v
an
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el

aa
id

e 
sf

ee
r X

 e
n 

Z 
on

de
rs

ke
id
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ik

. 
(3

) 

7.
4 

D
ie
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ro

ot
te
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an

 d
ie

 n
et

to
 e

le
kt

ro
st

at
ie

se
 k

ra
g 

w
at

 d
eu

r 
ge
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 s

fe
er
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d e
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d 
w

or
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 1
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. B
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 d
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p 
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. 
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+1
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0,
40

 m
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.)

A
 e

n 
B
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 t

w
ee

 k
le

in
 s

fe
re
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 d
eu
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'n

 a
fs

ta
nd

 v
an

 0
,7

0 
m

 v
an

 m
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r 

ge
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ei
 w

or
d.

 
Sf

ee
r A

 d
ra

 'n
 la

di
ng

 v
an

 +
1,

5 
x 

10
-6

 C
 e

n 
sf

ee
r B

 d
ra

 'n
 la

di
ng

 v
an

 -2
,0

 x
 1

0-6
 C

. 

P 
is

 'n
 p

un
t t

us
se

n 
sf

ee
r A

 e
n 

B
 e

n 
is

 0
,4

0 
m

 v
an

af
 s

fe
er

 A
, s

oo
s 

in
 d

ie
 d

ia
gr
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 h

ie
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ge
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on
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8.
1  

D
ef

in
ie

er
 d

ie
 te

rm
 e

le
kt

rie
se

 v
el

d 
by

 'n
 p

un
t. 

 
(2

) 

8.
2 

B
er

ek
en

 d
ie

 g
ro

ot
te

 v
an

 d
ie

 n
et

to
 e

le
kt

rie
se

 v
el

d 
by

 p
un

t P
.  

(4
) 

8.
3 

'n
 P

un
tla

di
ng

 v
an

 g
ro

ot
te

 3
,0

 x
 1

0-9
 C

 w
or

d 
no

u 
by

 p
un

t P
 g
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la
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. 
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 d
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 d
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 m
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 b
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 d
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 b
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N
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R
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R
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R
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 d
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 d
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, r
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 d
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 D
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 d
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e 

ve
rw

an
ts

ka
p 

tu
ss

en
 

st
ro

om
 

(I)
 

en
 

po
te

ns
ia

al
ve

rs
ki

l 
(V

) 
by
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Y

 >
 R

x 

R
X
 =

 R
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R
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an

 '
n 

m
on

oc
hr

om
at

ie
se

 l
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 d
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 d
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 b
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 d
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 d
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 d
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 d
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 d
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Ty
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 d
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 b
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 d
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n 
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de

r 
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-e
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kt
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 e
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rim

en
t 

w
or

d 
bl

ou
 l

ig
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at
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an
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n 
gl

oe
ila

m
p 
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rk

ry
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, o
p 

'n
 m

et
aa
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la

at
 g
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ky

n 
en

 e
le

kt
ro

ne
 w

or
d 
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yg
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te

l. 

D
ie

 g
ol

fle
ng

te
 v

an
 d

ie
 b

lo
u 

lig
 is

 4
70

 x
 1

0-9
 m

, 
en

 d
ie

 g
lo

ei
la

m
p 

is
 6

0 
m

W
 

ge
m

er
k.

 D
ie

 g
lo

ei
la

m
p 
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gs

 5
%

 e
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B
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 d
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e 
w
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 p
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p 
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e 
m
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an
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 w
or

d 
da

t 
al

 d
ie
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an

af
 d

ie
 g
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la
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p 
op

 d
ie

 
m

et
aa
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la

at
 in
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l. 
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) 
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.2
 

S
kr

yf
, s

on
de

r e
ni

ge
 v

er
de

re
 b

er
ek

en
in

g,
 d

ie
 g

et
al

 e
le

kt
ro

ne
 n

ee
r 

w
at

 p
er

 s
ek

on
de

 v
an

af
 d

ie
 m

et
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l v
ry

ge
st

el
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or
d.
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) 
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R
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te

l b
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it 
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 in
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te
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 ŉ
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oo
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Bl
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ss
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VR
A

A
G

 1
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M
EE

R
VO

U
D

IG
EK

EU
SE

-V
R

A
E 

Vi
er

 m
oo

nt
lik

e 
ke

us
es

 w
or

d 
as

 a
nt

w
oo

rd
e 

by
 d

ie
 v

ol
ge

nd
e 

vr
ae

 v
oo

rs
ie

n.
  E

lk
e 

vr
aa

g 
he

t s
le

gs
 E

EN
 k

or
re

kt
e 

an
tw

oo
rd

.  
Ki

es
 d

ie
 b

es
te

 a
nt

w
oo

rd
 e

n 
sk

ry
f A

, B
, C

 o
f D

 
la

ng
s 

di
e 

vr
aa

gn
om

m
er

 (1
.1

–1
.1

0)
 o

p 
jo

u 
AN

TW
O

O
R

D
Eb

oe
k 

ne
er

. 

1.
1 

ŉ 
Bo

ue
r g

oo
i ŉ

 b
ak

st
ee

n 
ve

rti
ka

al
 o

pw
aa

rts
 m

et
 ŉ

 a
an

va
nk

lik
e 

sn
el

he
id

 v
an

 
7,

35
 m

•s
-1

.  
W

an
ne

er
 d

ie
 b

ak
st

ee
n 
ŉ 

m
ak

si
m

um
 h

oo
gt

e 
be

re
ik

, d
an

 is
 d

ie
 ..

. 

A 
ve

rs
ne

llin
g 

va
n 

di
e 

ba
ks

te
en

 7
,3

5 
m

•s
-2

 e
n 

sy
 p

ot
en

si
ël

e 
en

er
gi

e 
is

 ŉ
 

m
ak

si
m

um
. 

B 
sn

el
he

id
 v

an
 d

ie
 b

ak
st

ee
n 

is
 0

 m
•s

-1
 e

n 
sy

 p
ot

en
si

ël
e 

en
er

gi
e 

is
 ŉ

 
m

in
im

um
. 

C
 

sn
el

he
id

 v
an

 d
ie

 b
ak

st
ee

n 
is

 9
,8

 m
•s

-1
 e

n 
sy

 p
ot

en
si

ël
e 

en
er

gi
e 

is
 ŉ

 
m

ak
si

m
um

. 

D
 

ve
rs

ne
llin

g 
va

n 
di

e 
ba

ks
te

en
 is

 9
,8

 m
•s

-2
 e

n 
sy

 k
in

et
ie

se
 e

ne
rg

ie
 is

 ŉ
 

m
in

im
um

. 
(2

) 

1.
2 

ŉ 
Vo

er
tu

ig
 m

et
 m

as
sa

 m
 b

ew
ee

g 
ho

ris
on

ta
al

 te
en

 ŉ
 k

on
st

an
te

 s
ne

lh
ei

d 
op

 ŉ
 

w
ry

w
in

gl
os

e 
pa

d.
  D

ie
 k

in
et

ie
se

 e
ne

rg
ie

 v
an

 d
ie

 v
oe

rtu
ig
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 K

 e
n 

di
e 

m
om

en
tu

m
 is

 p
.  

D
ie

 s
ne

lh
ei

d 
va

n 
di

e 
vo

er
tu

ig
 k

an
 g

eg
ee

 w
or

d 
as

: 

A 
K 2p

 

B 
2K

 
p 

 

C
 

K p 

D
 

p K 
(2

) 

1.
3 

W
an

ne
er

 ŉ
 lu

gs
ak

 in
 ŉ

 m
ot

or
 ty

de
ns

 ŉ
 b

ot
si

ng
 o

nt
pl

oo
i, 

w
or

d 
di

e 
ka

ns
e 

vi
r 

er
ns

tig
e 

be
se

rin
gs

 a
an

 ŉ
 p

as
sa

si
er

 v
er

m
in

de
r a

an
ge

si
en

 d
ie

 ..
. 

A 
pa

ss
as

ie
r t

ot
 ru

s 
in

 ŉ
 k

or
te

r t
yd

sp
er

io
de

 k
om

. 

B 
ne

tto
-k

ra
g 

op
 d

ie
 p

as
sa

si
er

 v
er

m
in

de
r w

or
d.

 

C
 

pa
ss

as
ie

r s
e 

ve
ra

nd
er

in
g 

in
 m

om
en

tu
m

 v
er

m
in

de
r w

or
d.

  

D
 

pa
ss

as
ie

r s
e 

ve
ra

nd
er

in
g 

in
 m

om
en

tu
m

 v
er

m
ee

rd
er

 w
or

d.
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) 

4 
FI

SI
ES

E 
W

ET
EN

SK
A

PP
E 

V1
 

(S
EP

TE
M

B
ER

 2
01

4)
 

Ko
pi
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f 

1.
4 

ŉ 
R

ui
m

te
tu

ig
 o

nd
er

vi
nd

 ŉ
 g

ew
ig

 v
an

 X
 o

p 
aa

rd
e.

  D
it 

w
or

d 
di

e 
ru

im
te

 in
ge

st
uu

r 
en

 la
nd

 o
p 
ŉ 

pl
an

ee
t m

et
 ŉ

 m
as

sa
 2

 m
aa

l d
ié

 v
an

 d
ie

 a
ar

de
 e

n 
ŉ 

ra
di

us
 v

an
 (½

) 
va

n 
di

é 
va

n 
di

e 
aa

rd
e.

  D
ie

 g
ew

ig
 v

an
 d

ie
 ru

im
te

tu
ig

 s
al

 ..
. w

ee
s.

 

A 
8X

 

B 
½

X 

C
 

X 

D
 

¼
X 

(2
) 

1.
5 

St
er

re
ku

nd
ig

es
 n

ee
m

 w
aa

r d
at

 d
ie

 li
g 

w
at

 d
eu

r ŉ
 s

te
r u

itg
es

tra
al

 w
or

d 
na

 d
ie

 ro
oi

 
ka

nt
 v

an
 d

ie
 s

ig
ba

re
 s

pe
kt

ru
m

 s
ku

if.
  H

ie
rd

ie
 w

aa
rn

em
in

g 
be

ve
st

ig
 d

at
 d

ie
 ..

. 

A 
st

er
 n

ad
er

 a
an

 d
ie

 a
ar

de
 b

ew
ee

g.
 

B 
aa

rd
e 

na
de

r a
an

 d
ie

 s
te

r b
ew

ee
g.

 

C
 

te
m

pe
ra

tu
ur

 v
an

 d
ie

 a
ar

de
 to

en
ee

m
. 

D
 

he
el

al
 u

its
it.

 
(2

) 

1.
6 

ŉ 
M

ei
si

e 
st

aa
n 

la
ng

s 
di

e 
pa

d 
en

 ŉ
 b

ra
nd

w
ee

rw
a 

na
de

r h
aa

r m
et

 d
ie

 s
ire

ne
s 

w
at

 
lo

ei
 e

n 
di

e 
ro

oi
 fl

its
lig

te
 a

an
.  

Sy
 m

aa
k 

di
e 

vo
lg

en
de

 w
aa

rn
em

in
gs

: 

Fr
ek

w
en

si
e 

va
n 

kl
an

k 
ge

ho
or

 
K

le
ur

 v
an

 d
ie

 fl
its

lig
 

A 
H

oë
r  

R
oo

i 

B 
La

er
  

R
oo

i 

C
 

H
oë

r  
O

ra
nj

e 

D
 

La
er

  
O

ra
nj

e 
(2

) 

1.
7 

W
at

te
r s

te
llin

g 
hi

er
on

de
r i

s 
W

AA
R

 v
ir 

w
ee

rs
ta

nd
e 

(re
si

st
or

s)
 w

at
 in

 d
ie

se
lfd

e 
pa

ra
lle

le
 k

om
bi

na
si

e 
ge

ko
pp

el
 is

? 

A 
D

ie
 s

pa
nn

in
g 

(V
) o

or
 d

ie
 k

om
bi

na
si

e 
is

 v
er

de
el

 m
aa

r d
ie

se
lfd

e 
st

ro
om

 (I
) 

vl
oe

i d
eu

r a
l d

ie
 w

ee
rs

ta
nd

e.
 

B 
D

ie
 s

tro
om

 (I
) d

eu
r e

lk
e 

ko
m

bi
na

si
e 

is
 v

er
de

el
 m

aa
r d

ie
 s

pa
nn

in
g 

(V
) o

or
 

el
ke

 w
ee

rs
ta

nd
 is

 d
ie

se
lfd

e.
 

C
 

D
ie

 s
tro

om
 (I

) e
n 

di
e 

sp
an

ni
ng

 (V
) o

or
 e

lk
e 

ko
m

bi
na

si
e 

is
 v

er
de

el
. 

D
 

D
ie

 s
tro

om
 (I

) e
n 

di
e 

sp
an

ni
ng

 (V
) o

or
 d

ie
 k

om
bi

na
si

e 
is

 d
ie

se
lfd

e 
oo

r e
lk

e 
w

ee
rs

ta
nd

. 
(2

)
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1.
8 

Tw
ee

 s
te

rk
 s

ta
af

m
ag

ne
te

 w
or

d 
ge

pl
aa

s 
m

et
 d

ie
 n

oo
rd

- e
n 

su
id

po
le

 w
at

 n
a 

m
ek

aa
r w

ys
 s

oo
s 

in
 d

ie
 s

ke
ts

 g
et

oo
n.

  ŉ
 S

tro
om

dr
ae

nd
e 

ge
le

ie
r w

or
d 

tu
ss

en
 

di
e 

tw
ee

 m
ag

ne
et

po
le

 g
ep

la
as

 w
aa

r k
on

ve
ns

io
ne

le
 s

tro
om

 b
in

ne
-in

 d
ie

 b
la

ds
y 

in
 v

lo
ei

.  

K
 

J 

D
ie

 g
el

ei
er

 e
rv

aa
r ŉ

 k
ra

g 
in

 d
ie

 ri
gt

in
g 

na
 ..

. 

A 
N

.

B 
S.

C
 

K.

D
 

J.
(2

) 

1.
9 

In
di

en
 ŉ

 li
g 

de
ur

 ŉ
 k

ou
e,

 v
er

du
nd

e 
ga

s 
ge

sk
yn

 w
or

d,
 a

bs
or

be
er

 d
ie

 a
to

m
e 

va
n 

di
e 

ga
s 

fo
to

ne
 m

et
 ŉ

 s
ek

er
e 

...
 

A 
sn

el
he

id
 e

n 
vo

rm
 ŉ

 a
bs

or
ps

ie
-s

pe
kt

ru
m

. 

B 
sn

el
he

id
 e

n 
vo

rm
 ŉ

 k
on

tin
ue

-s
pe

kt
ru

m
. 

C
 

fre
kw

en
si

e 
en

 v
or

m
 ŉ

 a
bs

or
ps

ie
-s

pe
kt

ru
m

. 

D
 

fre
kw

en
si

e 
en

 v
or

m
 ŉ

 ly
ne

m
is

si
e-

sp
ek

tru
m

. 
(2

) 

1.
10

 
ŉ 

At
oo

m
 in

 d
ie

 g
ro

nd
to

es
ta

nd
 a

bs
or

be
er

 e
ne

rg
ie

, E
, e

n 
w

or
d 

na
 ŉ

 h
oë

r 
en

er
gi

e -
to

es
ta

nd
 o

pg
ew

ek
.  

W
an

ne
er

 d
ie

 a
to

om
 n

a 
di

e 
gr

on
dt

oe
st

an
d 

te
ru

gk
ee

r, 
w

or
d 
ŉ 
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n 
m

et
 e

ne
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ie
 ..
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A 
E 

ge
ab

so
rb

ee
r. 

B 
E 

vr
yg

es
te

l. 

C
 

½
E 
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½
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te

l. 
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ŉ 
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ie
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al

, m
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sa
 1
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or

d 
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at
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al
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an
af

 p
un

t A
 o

p 
ŉ 

ho
ë 

ge
bo
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 1

5 
m
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oo

g.
  D

it 
tre

f d
ie

 b
et

on
sy

pa
ad

jie
 e

n 
bo

ns
 te

ru
g 

to
t ŉ

 m
ak

si
m

um
 v

an
 4

 m
.  

 

2.
1 

Be
re

ke
n 

di
e 

sn
el

he
id

 w
aa

rm
ee

 d
ie

 k
rie

ke
tb

al
 d

ie
 s

yp
aa

dj
ie

 tr
ef

. 
(3

) 

2.
2 

In
di

en
 d

ie
 e

ffe
k 

va
n 

lu
gw

ry
w

in
g 

N
IE

 ty
de

ns
 d

ie
 v

al
 v

an
 d

ie
 k

rie
ke

tb
al
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eï
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or

ee
r 

w
or

d 
N

IE
, h

oe
 s

al
 d

ie
 w

aa
rd

e,
 b

er
ek

en
 in

 V
R

AA
G

 2
.1

, v
er

an
de

r?
  S

kr
yf

 s
le

gs
 

H
O

ËR
, L

AE
R

 o
f B

LY
 D

IE
SE

LF
D

E.
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) 

2.
3 

D
ie

 k
rie

ke
tb

al
 is

 in
 k

on
ta

k 
m

et
 d

ie
 b

et
on

sy
pa

ad
jie

 v
ir 
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8 

s.
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no

re
er

 d
ie

 e
ffe

k 
va

n 
lu

gw
ry

w
in

g.
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ee
m

 A
FW
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R
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E 
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w

eg
in

g 
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TI

EF
. 

2.
3.

1 
Be

re
ke

n 
di

e 
im

pu
ls

 v
an

 d
ie

 k
rie

ke
tb

al
 o

p 
di

e 
sy

pa
ad

jie
. 

(8
) 

2.
3.

2 
Be

re
ke

n 
di

e 
(n

et
to

) g
em

id
de

ld
e 

kr
ag

 v
an

 d
ie

 s
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aa
dj

ie
 o

p 
di

e 
kr

ie
ke

tb
al

. 
(4

) 

2.
4 

Sk
et

s 
di

e 
po

si
si

e 
te

en
 ty

d 
gr

af
ie

k 
vi

r d
ie

 b
ew

eg
in

g 
va

n 
di

e 
kr

ie
ke

tb
al

 v
an

 d
ie

 
oo

m
bl

ik
 d

at
 d

it 
la

at
 v

al
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td
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 d

it 
sy

 m
ak

si
m
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 h

oo
gt

e 
be

re
ik

 n
a 

di
e 

bo
ns

. 
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R
U
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D
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U
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O
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SI

E.
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 d
ie

 v
ol

ge
nd

e 
op

 d
ie

 g
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fie
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aa
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D
ie
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gt
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va
n 

w
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r d
ie
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al
 is

 
 

D
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e 
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 d
ie
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t d

it 
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d 

w
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 d
ie
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al
 in
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k 

m
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 d
ie
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ad

jie
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(4

) 

2.
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D
ie
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rie

ke
tb

al
 w

or
d 
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ve
rv

an
g 

m
et

 ŉ
 s

ag
te

r b
al
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et

 d
ie
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lfd

e 
m

as
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N

oe
m

 
ho

e 
di

e 
(n

et
to

) g
em
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de

ld
e 
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ag

 u
itg
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ef

en
 d

eu
r d

ie
 b

et
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ad
jie

 o
p 

di
e 
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er
 b
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 m

et
 jo

u 
an
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rd
 in

 V
R

AA
G

 2
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 v

er
ge

ly
k.
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kr
yf

 s
le

gs
 G

R
O

TE
R

, K
LE

IN
ER

 o
f B

LY
 D

IE
SE

LF
D

E.
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G
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ru
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-b
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se
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 o
m
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u 

an
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 v
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. 

(3
) 
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3]



(S
EP

TE
M

B
ER

 2
01

4)
FI

SI
ES

E 
W

ET
EN

SK
A

PP
E 

V1
 

7 

Ko
pi

er
eg

 v
oo

rb
eh

ou
  

Bl
aa

i o
m

 a
ss

eb
lie

f 

VR
A

A
G

 3
 (B

eg
in

 o
p 
ŉ

 n
uw

e 
bl

ad
sy

.) 

ŉ 
M

ot
or

 m
et

 m
as

sa
 1

 5
00

 k
g 

is
 in

 ru
s 

by
 ŉ

 v
er

ke
er

sl
ig

.  
ŉ 

M
in
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us

, m
as

sa
 2

 0
00

 k
g,

 tr
ef

 
di
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 ŉ

 s
po

ed
 v

an
 2

0 
m

•s
-1

.  
O

nm
id

de
llik

 n
a 

di
e 

bo
ts

in
g 

be
w

ee
g 

di
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 d
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e.
 

(2
) 

3.
2 

Be
re

ke
n 

di
e 

sp
oe

d 
va

n 
di

e 
m

in
ib

us
 o

nm
id

de
llik

 n
a 

di
e 

bo
ts

in
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 b
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 d
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 d
ie

 w
et

 v
an

 fi
si

ka
 w

at
 g

eb
ru

ik
 k

an
 w

or
d 

om
 d
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[9
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ie
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m
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t d
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a 
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e 
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ne
rg

ie
 n

od
ig

 is
 o

m
 9

0 
kg

 w
at
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t d
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 d
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at
er

 p
er

 m
in
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eu
r d
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 d
ry

w
in
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 d

ie
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4.
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 b
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r w
il 
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e 
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ie
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W
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4.
3.

1 
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l d
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ro
l-w

at
er
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m

p 
vo

ld
oe

nd
e 

dr
yw

in
g 

ve
rs
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  (
JA
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f N

EE
) 

(1
) 

4.
3.

2 
W
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 s
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 d
ie
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er
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r ŉ
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 p
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 d
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 d
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 d
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 d
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 d
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 d
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 d
ie
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R
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oo
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5.
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D
ie
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 d
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 d
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 d
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 d
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l k
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  ŉ
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l d
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 d
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 d
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 m
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 d
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r d
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6.
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el
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W

EE
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e 

va
n 

di
e 

D
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m
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 o
p 

m
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se
.  
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 d
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 ŉ
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 ŉ
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ŉ 

st
êr

 h
et

 ŉ
 

fre
kw

en
si

e 
va

n 
7,

23
 x

 1
014

 H
z.
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 ŉ
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 ŉ
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R
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 p
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 d
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 b
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 d
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 o
f N

EG
AT

IE
F?

 
(1

) 

7.
5 

Te
ke

n 
di

e 
ne

tto
 e

le
kt

rie
se

 v
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 d
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 d
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 p
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l d
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 d
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 d
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 d
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e 

w
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 s
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l d
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oe

i 
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d

e
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e 
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w
e 
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e

rk
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s 
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n
 

di
e 

be
tr

o
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e 
re

d
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ee
rm

id
de
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 te

 v
e

rw
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. 
(3

) 
[1

4
] 

M
g2+

(a
q
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X
 

W
at

er
st

of
g

as
 

P
la

tin
um

 

H
+
(a

q)
 

V
 

M
g
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 W
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D
B

E
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m
b
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 2

0
20

 
S

S
/N

S
S

 

K
op

ie
re

g 
vo

o
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o

u
 

B
la

a
i o

m
 a

ss
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lie
f  

V
R

A
A

G
 9

 (
B
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in

 o
p

 'n
 n

u
w

e 
b

la
d

s
y.

) 

D
ie

 v
e
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en
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ud
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d

e
 d
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gr
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 h

ie
ro

nd
e

r 
st

el
 '

n 
el

ek
tr
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e 
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l 

vo
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a

t 
ge

b
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o
rd
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 'n
 k

op
er

(C
u)

m
un

ts
tu

k 
m

e
t s

ilw
er

 (
A

g)
 te

 e
le

kt
ro

p
la

te
e

r.
  

9.
1 

D
ef

in
ie

e
r 

d
ie

 te
rm

 e
le

kt
ro

lis
e

. 
(2

) 

9.
2 

W
at

te
r 

ko
m

p
on

en
t i

n
 d

ie
 d

ia
gr

a
m

 d
ui

 a
a

n 
d

at
 d

it 
'n

 e
le

kt
ro
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ie
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 s

e
l i

s?
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) 

9.
3 

S
kr

yf
 d

ie
 N

A
A

M
 o

f 
F

O
R

M
U

LE
 v

a
n 

di
e

 e
le

kt
ro

lie
t 

ne
e

r.
 

(1
) 

9.
4 

H
oe

 s
al

 d
ie
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nt
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e 
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n 
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e
 e

le
kt
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t 
ty

de
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le
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p
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te
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g
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a

n
d

e
r?

 
K

ie
s 

u
it 

T
O

E
N

E
E

M
, A

F
N

E
E

M
 o

f 
B

L
Y

 D
IE

S
E

LF
D

E
. 

G
e

e
 'n

 r
e
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 v

ir 
d

ie
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nt
w

o
o

rd
. 

(2
) 

9.
5 

S
kr

yf
 

d
ie

 g
e

ba
la

n
se

e
rd

e
 v

e
rg

e
ly

ki
ng

 
va

n 
di

e 
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lfr
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ie

 
n

e
e

r 
w

a
t 

b
y 

d
ie

 
si

lw
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-e
le
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ro
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 p

la
a

sv
in

d
. 
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ilw

er
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K
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E
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t

F
is
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 W
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V

2
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D
B

E
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b
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S

S
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S
S

 

K
op

ie
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g 
vo

o
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o
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V
R

A
A

G
 1
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e
g

in
 o

p
 'n
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u

w
e

 b
la

d
s

y.
) 

10
.1

 
D

ie
 v

lo
e

id
ia

gr
a

m
 h

ie
ro

n
d

e
r 
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o

n 
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e 
ku
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m

is
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 in
 d

ie
 n

yw
e
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ei

d 
ge

pr
o

du
se

e
r 

w
o

rd
. 

S
kr

yf
 n

ee
r 

di
e:
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.1

.1
 

N
A

A
M

 v
an

 S
 

(1
) 

10
.1

.2
 

N
A

A
M

 v
an

 T
 

(1
) 

10
.1

.3
 

N
A

A
M

 o
f 

F
O

R
M

U
LE

 v
a

n 
di

e
 k
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a

lis
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or
 w

a
t 

in
 p

ro
se
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1 

ge
b

ru
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 is
 

(1
) 

10
.1
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N
A

A
M

 o
f 

F
O

R
M

U
LE

 v
a

n 
ve

rb
in

di
ng

 A
 

(1
) 

10
.1

.5
 

N
A

A
M

 v
an

 p
ro

se
s 

2 
(1

) 

10
.1

.6
 

G
e

b
al

a
n

se
e

rd
e

 v
e

rg
e

ly
ki

ng
 v

ir
 d

ie
 v

o
rm
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g 
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n
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(3
) 
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.2

 
O

p
 'n

 2
0 

kg
-s

a
k 
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n

sm
is

 s
e

 e
tik

et
 s
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an

 d
ie

 v
ol

ge
n
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: 2

 :
 4

 :
 3

 (
X

).
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.1
 

W
at

 w
or

d 
de
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 d

ie
 v

e
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o
ud

in
g 
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 d

ie
 e
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e

t 
vo

o
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e
st
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? 

(1
) 

1
0

.2
.2

 
D

ie
 s

a
k 

b
ev

at
 2

,3
15

 k
g 

fo
sf

or
. 

B
er

e
ke

n
 d

ie
 w

aa
rd

e 
va

n 
X

. 
(3

) 
[1

2
] 

T
O

T
A

A
L

: 
15

0 

S
tik

st
of

 
W

at
er

st
of

 

V
er

b
in

di
ng
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S
al

pe
te
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u
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K
un
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 B
 

P
ro

se
s 

1 

P
ro

se
s 

2 

G
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nd
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G
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st
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N
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R
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S
E

P
T
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R
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E
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S
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A
P

P
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C
H

E
M
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P
U

N
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E
: 
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0

T
Y

D
: 
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u

u
r 

H
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te

l b
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a

n
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it 
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 b
la
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S
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N
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P
P
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K
op

ie
re

g 
vo

or
be

h
ou

  
  

B
la

ai
 o

m
 a

ss
eb

lie
f 

V
R

A
A

G
 1

: 
 M

E
E

R
V

O
U

D
IG

E
K

E
U

S
E

-V
R

A
E

 

V
ie

r 
m

oo
nt

lik
e 

op
si

e
s 

w
or

d 
a

s 
an

tw
oo

rd
e 

op
 d

ie
 v

ol
ge

nd
e

 v
ra

e 
g

eg
ee

.  
E

lk
e 

vr
a

ag
 

he
t 

ne
t 

ee
n 

ko
rr

ek
te

 a
nt

w
oo

rd
. 

S
kr

yf
 s

le
gs

 d
ie

 k
o

rr
ek

te
 l

et
te

r 
(A

D
) 

la
ng

s 
d

ie
 

vr
aa

gn
o

m
m

er
 (

1.
1

1.
10

) 
in

 d
ie

 A
N

T
W

O
O

R
D

E
B

O
E

K
, 

by
vo

o
rb

ee
ld

 1
.1

1
 E

. 

1.
1 

W
at

te
r 

E
E

N
 v

an
 d

ie
 v

o
lg

e
nd

e 
fa

kt
o

re
 s

a
l d

ie
 te

m
po

 v
an

 c
h

em
ie

se
 r

ea
ks

ie
 

ve
rh

oo
g

 d
e

ur
 

 a
lte

rn
at

ie
w

e 
pa

d 
m

e
t 

la
e

r 
ak

tiv
er

in
g

se
n

er
gi

e
 te

 b
ie

d
?

 

A
 

D
ru

k 

B
 

T
em

pe
ra

tu
ur

 

C
 

O
pp

e
rv

la
kt

e
 

D
 

P
os

iti
ew

e 
ka

ta
lis

a
to

r 
(2

) 

1.
2 

S
tr

u
kt

ur
el

e 
is

om
er

e
 h

et
 a

lty
d 

d
ie

se
lfd

e 
..

. 

A
  

ko
ol

st
o

fk
et

tin
g.

 

B
 

fu
nk

si
on

el
e 

gr
o

ep
. 

C
 

m
ol

ek
u

lê
re

 fo
rm

u
le

. 

D
 

fis
ie

se
 e

ie
n

sk
a

pp
e.

 
(2

) 

1.
3 

W
at

te
r 

E
E

N
 v

a
n 

di
e 

vo
lg

en
d

e 
he

t d
ie

 H
O

O
G

S
T

E
 d

am
pd

ru
k?

 

A
 

P
en

ta
an

 

B
 

H
ek

sa
an

 

C
 

H
ep

ta
an

 

D
 

O
kt

aa
n

 
(2

) 

1.
4 

W
at

te
r 

E
E

N
 v

an
 d

ie
 v

o
lg

en
de
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s 

di
e

 s
tr

uk
tu

ur
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rm
u

le
 v

ir 
di

e
 f

un
ks
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ne

le
 

gr
o

ep
 e

ta
n

oë
su

u
r?

 

A
 

 O
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 H

 
B

 
 O

   
  H

 

C
 

 O
 

 C
 

D
 

 O
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 H
 

(2
)
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F
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S
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E

T
E

N
S
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P
P

E
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(E
C

/S
E

P
T

E
M

B
E

R
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02
0

)

K
op

ie
re

g 
vo

or
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h
ou

  
 B

la
a

i o
m
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e
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ie
f 

1.
5 

B
es

ko
u 

d
ie

 c
he

m
ie

se
 r

e
ak

si
e 

h
ie

ro
nd

er
: 

 X
   

 +
   

ge
ko

ns
e

nt
re

e
rd

e 
H

2
S

O
4
 

 C
H

3
C

H
C

H
C

H
3
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 H
2
O

 

W
at

te
r 

E
E

N
 v

a
n 

d
ie

 v
ol

g
en

d
e 

is
 K

O
R

R
E

K
 o

o
r 

re
ak
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n

t X
?

 

R
ea

kt
a

n
t X

 is
 

 ..
. 

A
 

te
rs

iê
re

 a
lk

oh
ol

. 

B
 

pr
im

êr
e

 a
lk

oh
ol

. 

C
 

se
ko

n
dê

re
 a

lk
oh

ol
. 

D
 

pr
im

êr
e

 h
a

lo
a

lk
aa

n.
 

(2
) 

1.
6 

D
ie

 p
ot

e
ns

ië
le

 e
n

er
gi

e
di

a
gr

am
 h

ie
ro

nd
er
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s 

vi
r 

d
ie

 h
ip

ot
et

ie
se

 o
m

ke
er

ba
re

 
re

a
ks

ie
 h

ie
ro

nd
er

. 
X

2
(g

) 
 Y

2
(g

) 

 P
o

te
n

si
ë

le
 e

n
er

g
ie

d
ia

g
ra

m
 

is
 g

el
yk

 a
a

n 
...

 

A
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3 

B
 

-2
3

C
 

5
8

D
 

-5
8
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) 

   

Potensiële energie (kJ/mol) 

V
er

lo
o

p
 v

an
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e
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s
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Y
2
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P
T
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P
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K
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B
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m
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f 
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D
ie
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e
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w

a
t 
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 d
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e
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e 
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rg
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g
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e
r 
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o
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e
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w
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d,

 b
e
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w

e
w
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 h
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e

r.
 

C
(s

) 
 +

 C
O

2
(g

) 
  

   
  2

C
O

(g
) 

M
ee

r 
C

(s
) 

en
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O
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 w
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d 

b
y 
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n
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ra
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 b
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e 
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r 

g
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o
e

g
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H
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a
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al
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 C
O

(g
) 
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 d

ie
 w
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e 
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n
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c 
b
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ew
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e
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o
e
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w
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A
A

N
T
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O
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E
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A

N
 C

O
 

K
c
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V
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o

g
 

V
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V
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B
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a

nt
 

C
 

B
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 d
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B
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o
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B
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V
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(2
) 

1.
8 

D
ie

 v
er
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ud

in
g 

tu
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en
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H
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+
] 

en
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O
H
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in

 w
a

te
rig

e
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p
lo
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in
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n
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te
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m
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tu
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or
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d
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 b
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e
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e
l d
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r 
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. 

(2
)  

A
 

B
 

C
 

D
 

O
H

-  

H
3
O

+
 

O
H

-  

H
3O

+
 

O
H

-  
O

H
-  

H
3
O

+
 

H
3
O

+
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E
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R
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)
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ie
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g 
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la
a

i o
m
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ss

e
bl

ie
f 

1.
9 

2
),

 
w

a
t 

ge
br

ui
k 

w
or

d 
om

 
w

at
e

r 
in

 
op

en
b

ar
e

 
sw

e
m

ba
dd

en
s 

te
 

on
ts

m
et

, 
re

ag
e

er
 

m
et

 
w

a
te

r 
vo

lg
en

s 
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e 
vo

lg
en

de
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b

a
la

ns
e

er
de

 v
e

rg
el

yk
in

g.
 

C
2
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 H
2O

 

D
ie

 b
yv

oe
g

in
g

 v
an

 c
hl

oo
r 

ve
ra

n
de

r 
di

e 
p

H
 v

an
 w

a
te

r 
in

 s
w

e
m
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dd

e
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W
at

te
r 

E
E

N
 v

a
n 

di
e 
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lg

en
d

e
 s
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w

w
e 

m
o

et
 v

an
 t

yd
 t

ot
 t

yd
 b

y 
op

en
ba

re
 

sw
e

m
ba

dd
en

s 
by

ge
vo

e
g

 w
or

d
 o

m
 d

ie
 p

H
 t

e 
ve
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oo
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A
 

K

B
 

N
H

4

C
 

H
2
S

O
4
 

D
 

N
a 2

C
O

3
 

(2
) 

1.
10

 
B

e
sk

o
u 

d
ie

 r
e

ak
si

e 
w

a
ar

in
 m

ag
ne

si
um

p
o

ei
er

 m
et
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O

R
M

A
A

T
 r

ea
ge

er
, 

50
 c

m
3  

va
n

 
 

-3
, 

sw
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el
su

ur
op

lo
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in
g

. 

M
g(
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+
   

H
2
S

O
4
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q
) 

 M
g

C
l 2

 (
aq

) 
 +
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2

W
at

te
r 

E
E

N
 v

a
n 
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e
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ol

ge
nd

e 
ve
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e
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g
e 
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d
ie
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m
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an

 
w

at
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o
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er
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?
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T
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n
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e
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V
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ie
 r
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m

e
n

g
se

l. 

C
 

G
e

br
ui
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1
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 c

m
3
 m

et
 d

ie
se

lfd
e 
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u

ro
p
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V
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g
 w

at
e
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by
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e

a
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m
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g

se
l. 
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) 
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K
op

ie
re

g 
vo

or
be

h
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B
la

ai
 o

m
 a

ss
eb

lie
f 

V
R

A
A

G
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 (
B

eg
in

 o
p

 
 n

u
w

e
 b

la
d

s
y.

) 

B
es

ko
u 

ve
rb

in
d

in
g
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, w

at
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d

 v
a

n 
 v

e
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a
di

gd
e 

ko
ol

w
at

er
st

o
w

w
e 

ho
m

ol
o

ë 
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ek
s 

is
. 

4 2.
1 

D
ef

in
ie

e
r 

di
e

 t
e

rm
 h

om
ol

oë
 r

ee
ks

. 
(2

) 

2.
2 

G
ee

 
 r

ed
e 

w
aa

ro
m

 v
er

bi
nd

in
g 

A
 a

s 
 k

o
ol

w
at

er
st

o
f g

ek
la

ss
ifi

se
er

 w
o

rd
. 

(2
) 

2.
3 

V
ir 

ve
rb

in
di

ng
 A

, s
kr

yf
 d

ie
 v

o
lg

en
d

e
 n

ee
r:

 

2.
3.

1  
A
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e

m
en

e 
fo
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e
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an
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ie
 h

o
m

o
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ek
s 

w
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it 
be
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) 

2.
3.

2  
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P
A

C
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m

.  
(3

) 

2.
4 

B
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ko
u 

d
ie

 v
er
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n
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n
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 P

 e
n 

Q
 h

ie
ro
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e
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 d
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+ ] v
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C
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C
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) 
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el
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ee
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n 
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e 
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q)
  +
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  B
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θ 
= 

-1
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 V
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  +

  2
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  A
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 =
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,5
 V
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 d
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 d
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 d
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id

ee
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D
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D
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 m
as

sa
 v

an
 A
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 d
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 p
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 d
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 d
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 d
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na
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d 
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i o
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2.
1.
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ry
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EN

E 
FO

R
M

U
LE
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ee

r 
va

n 
di
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ho
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 r

ee
ks
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ie
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t. 
(1

) 

2.
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D
ie
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rg
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ie

se
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nd
in

g 
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er
on
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r 
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t 

ee
n 
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e 
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r. 

2.
2.

1 
D

ef
in

ie
er

 d
ie

 te
rm
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os

is
io

ne
le
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om

ee
r. 

(2
) 

Vi
r h

ie
rd

ie
 v

er
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nd
in

g,
 s

kr
yf

 n
ee

r d
ie

: 

2.
2.

2 
IU

PA
C

-n
aa

m
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an
 s

y 
PO

SI
SI

O
N

EL
E 

is
om

ee
r 

(2
) 

2.
2.

3 
St

ru
kt

uu
rfo

rm
ul

e 
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n 
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N
KS
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N
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ee
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) 

2.
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 d

ie
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ek
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de
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ee
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e 
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uu
rfo

rm
ul

e 
va

n 
'n
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g 
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2.
3.

1 
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 d
it 
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 P

R
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ÊR
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EK
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N

D
ÊR

E 
of
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ÊR

E 
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ee
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de
 v
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an
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2.
3.

2 
Sk

ry
f d

ie
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C

-n
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m
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an
 d
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er
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in
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er
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ee
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3.

3 
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ry
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se

 v
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f d
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U
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U
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U
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er
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H
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i o
m

 a
ss

eb
lie

f 

VR
AA

G
 3

 (B
eg

in
 o

p 
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yf
 o
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in
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, R
, S

 e
n 

T)
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d 

be
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ud
ee

r. 

VE
R

B
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D
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G
 

IU
PA

C
-N
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P 
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l 

Q
 

2,
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m
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n 

R
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m
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ie

lp
en
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S 
H

ek
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an
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Pe
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l 

3.
1 

D
ef

in
ie

er
 d

ie
 te

rm
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oo
kp

un
t. 

(2
) 

D
ie
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oo
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un

te
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an
 v

er
bi

nd
in

gs
 Q

, R
 e

n 
S 

w
or

d 
ve

rg
el

yk
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3.
2 

G
ee

 'n
 re

de
 w

aa
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m
 d

it 
'n

 re
gv

er
di

ge
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er
ge

ly
ki

ng
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) 

D
ie
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oo

kp
un

te
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an
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, R
 e

n 
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w
or

d 
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r g

eg
ee
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N

IE
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oo
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di
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 d
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e 
vo
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te
r E

EN
 v
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ie
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 d
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oo
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un
te
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ee
s 

w
aa
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 d
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oo
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un
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rb
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ng
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? 

Ve
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 d
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 a
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 M

en
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el
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P 
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 w
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 d
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 d
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3.
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te

r v
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 d
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 d
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w
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G
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 d
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 d
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ie

 v
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m
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ie
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n 
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e 
ve

rb
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di
ng

 
A 

ge
br

ui
k 

ka
n 

w
or

d 
om
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nd

er
 

or
ga

ni
e s

e 
ve

rb
in

di
ng

s 
te

 b
er

ei
. D

ie
 n

om
m

er
s 

I, 
II

, I
II

 e
n 

IV
 s

te
l v

er
sk

ille
nd

e 
or

ga
ni

es
e 

re
ak

si
es

 v
oo

r. 

G
eb

ru
ik

 d
ie

 in
lig

tin
g 

in
 d

ie
 v
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m
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m

 d
ie
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nd

e 
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w
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4.
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N
oe

m
 d

ie
 h
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oë
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ek
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w
aa
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an

 v
er
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nd
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A 
be

ho
or

t. 
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) 

4.
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Sk
ry

f d
ie

 T
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E 
re
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si

e 
ne

er
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oo
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es
te

l d
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4.
2.

1 
I 

(1
) 

4.
2.

2 
II

I 
(1

) 

4.
2.

3 
IV

 
(1

) 

4.
3 

Be
sk

ou
 re

ak
si

e 
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I. 
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ry
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ee
r: 

4.
3.
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TW

EE
 re

ak
si

et
oe
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an

de
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er
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e 
re

ak
si

e 
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D
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C
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aa

m
 v

an
 d

ie
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rim
êr

e 
al

ko
ho

l w
at
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m
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4.
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ke

n 
di

e 
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R
U
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U

U
R

FO
R

M
U

LE
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. 
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r d
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M
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U
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 d
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er
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et
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C
ℓ) 
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en
s 
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e 
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de
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al
an

se
er

de
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er
ge

ly
ki
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C
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O
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H

C
ℓ(a
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  →
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 C
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 d

ie
 re

ak
si

e 
hi

er
bo

 E
KS

O
TE

R
M

IE
S 

of
 E

N
D

O
TE

R
M

IE
S?

 G
ee

 'n
 re
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 m
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 m
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 d
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 d
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 d
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 re
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 d
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 d
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 d
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 d
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K c
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K c
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gu
itk

et
tin

g-
 o

rg
an

ie
se

 s
uu

r X
, e

ta
no

l e
n 

'n
 k

at
al

is
at

or
 b

ev
at

, w
or

d 
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r g
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 d
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 d
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ra
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 m
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 d

ie
 m

ol
ek

ul
êr

e 
fo

rm
ul

e 
va

n 
ve

rb
in

di
ng

 Y
. 

(2
) 

2.
4 

Sk
ry

f d
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f d
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O
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H
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O
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r d
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 d
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 d
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 d
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 d
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 d
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 re
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e 

ge
ba

la
ns

ee
rd

e 
ve

rg
el

yk
in

g 
vi

r r
ea

ks
ie

 II
 n

ee
r. 

(3
) 

R
ea

ks
ie

 II
I i

s 
'n

 v
oo

rb
ee

ld
 v

an
 'n

 k
ra

ki
ng

sr
ea

ks
ie

. 

4.
1.

6 
D

ef
in

ie
er

 'n
 k

ra
ki

ng
sr

ea
ks

ie
. 

(2
) 

4.
1.

7 
G

ee
 d

ie
 s

tru
kt

uu
rfo

rm
ul

e 
va

n 
or

ga
ni

es
e 

ve
rb

in
di

ng
 Q

. 
(2

) 

4.
2 

Be
st

ud
ee

r d
ie

 v
lo

ei
di

ag
ra

m
 h

ie
ro

nd
er

. 

4.
2.

1 
Sk

ry
f d

ie
 IU

PA
C

-n
aa

m
 v

an
 v

er
bi

nd
in

g 
R

 n
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H
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H
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 d
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 d
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 d
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 d
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) b
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 d
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 d
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 d
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 d
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 b
er

ei
.  

D
ie

 le
tte

rs
 A

, B
, C

, D
, E

 e
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 d
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 d
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l m
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at
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 d
ie

 a
no

rg
an

ie
se

 re
ag

en
t b

en
od

ig
 in

  
re

ak
si

e 
C

(1
)

4.
4.

3 
R

ea
ks

ie
to

es
ta

nd
 b

en
od

ig
 v

ir 
re

ak
si

e 
E

(1
)

[1
5]

 

B
ut

an
-1

-o
l C
 

B

V
er

bi
nd

in
g 

X 

V
er

bi
nd

in
g 

Y 

C
H

2B
rC

H
B

rC
H

2C
H

3 

  H
B

r D
 

E 

Br
2

F B
ut

ie
le

ta
no

aa
t 

B
ut

an
-2

-o
l

A
 

10
 

FI
SI

ES
E 

W
ET

EN
SK

A
PP

E 
V2

 
(E

C
/S

EP
TE

M
B

ER
 2

01
8)

K
op

ie
re

g 
vo

or
be

ho
u 

B
la

ai
 o

m
 a

ss
eb

lie
f 

VR
A

A
G

 5
 (B

eg
in

 o
p 

 n
uw

e 
bl

ad
sy

.) 

 G
ro

ep
 le

er
de

rs
 g

eb
ru

ik
 d

ie
 a

pp
ar

aa
t h

ie
ro

nd
er

 o
m

 e
en

 v
an

 d
ie

 fa
kt

or
e 

te
 o

nd
er

so
ek

 
w

at
 

 in
vl

oe
d 

op
 d

ie
 o

nt
bi

nd
in

gs
te

m
po

 v
an

 w
at

er
st

of
pe

ro
ks

ie
d,

 H
2O

2 h
et
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 re
ak

si
e 

in
 w

oo
rd

e.
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 re
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 c
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g 

aa
nv

an
kl

ik
 

by
 2

5 
o C

 is
 v
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 c
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 d
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D

ie
 m

ol
ek

ul
êr

e 
fo

rm
ul

e 
va

n 
ve

rb
in

di
ng

 R
 

(2
) 

4.
3.

5 
D

ie
 s

tru
kt

uu
rfo

rm
ul

e 
va

n 
ve

rb
in

di
ng

 Q
 

(2
) 

4.
3.

6 
D

ie
 s

tru
kt

uu
rfo

rm
ul

e 
va

n 
ve

rb
in

di
ng

 S
 

(2
) 
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H
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B
EA

N
TW

O
O

R
D

 V
R

AA
G
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.3

 O
P 

D
IE
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AN

G
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EG
TE

 G
R

AF
IE

K
PA

PI
ER

. 

Le
er

de
rs

 g
eb

ru
ik

 d
ie

 r
ea

ks
ie

 t
us

se
n 

na
tri

um
tio

su
lfa

at
 e

n 
so

ut
su

ur
 o

m
 e

en
 v

an
 d

ie
 

fa
kt

or
e 

w
at

 r
ea

ks
ie

te
m

po
 b

eï
nv

lo
ed

, t
e 

on
de

rs
oe

k.
 D

ie
 g

eb
al

an
se

er
de

 v
er

ge
ly

ki
ng

 v
ir 

di
e 

re
ak

si
e 

is
: 

N
a 2

S 2
O

3(
aq

)  
+ 

 2
H

C
ℓ(a

q)
  →

  2
N

aC
ℓ(a

q)
  +

  H
2O

(ℓ)
  +

  S
O

2(
g)

  +
  S

(s
) 

D
ie

 d
ia

gr
am

 h
ie

ro
nd

er
 to

on
 d

ie
 e

ks
pe

rim
en

te
le

 o
ps

te
llin

g.
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 d

ie
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er
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im
en
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d 

50
 c
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at
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m
tio

su
lfa

at
op
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in
g 
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00
 c

m
3  v

an
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ol
∙d

m
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 ve
rd

un
de

 s
ou

ts
uu

ro
pl

os
si

ng
 in

 'n
 fl

es
 g

ev
oe

g 
w

at
 o

or
 'n
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ru

is
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at
 o

p 
'n

 
ve

l w
it 

pa
pi

er
 g

et
ek

en
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, g
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la
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. D

ie
 s

ou
ts

uu
r i

s 
in

 O
O

R
M

AA
T.

 

D
i e

 ty
d 

w
at

 d
it 

di
e 

kr
ui

s 
ne

em
 o

m
 o

ns
ig

ba
ar

 te
 w

or
d ,
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oo

s 
va

n 
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aa
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en

ee
m

, w
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d 
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ng
et

ek
en
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D
i e

 
ek
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er

im
en
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w

or
d 

da
n 
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er

 
ke

er
 

m
et

 
ve
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ki

lle
nd
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lu
m
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n 
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tio
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 d
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E 

VA
N
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O
3 
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m
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M
E 
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N

  
H

2O
 (c

m
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TY
D
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D
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D
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)
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0-2
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1 
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0 
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2 
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3 

30
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4 
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30
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7 
5 
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1 
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5.
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D
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er
 re
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(2
) 

5.
2 

H
oe

 
ve
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el

yk
 

di
e 
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en
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si
e 

na
tri

um
tio

su
lfa

at
op

lo
ss

in
g 

w
at

 
in

  
ek

sp
er

im
en

t 
2 

ge
br

ui
k 

is
 m

et
 d

ié
 in

 e
ks

pe
rim

en
t 

5?
 K

ie
s 

ui
t 

G
R

O
TE

R
 A

S,
 

KL
EI

N
ER

 A
S 

of
 G

EL
YK

 A
AN

. 
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) 

N
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S 2
O

3(
aq

) e
n 

H
C
ℓ(a
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5.
3 

Te
ke

n 
'n

 
gr

af
ie

k 
va

n 
ge

m
id

de
ld

e 
re

ak
si

et
em
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te
en

oo
r 

vo
lu

m
e 

na
tri

um
tio

su
lfa

at
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at
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eb
ru

ik
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s 
op

 d
ie
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an

ge
he

gt
e 
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l 

G
R

AF
IE

KP
AP

IE
R

. 
(H

EG
 H

IE
R

D
IE

 V
EL

 G
R

AF
IE

KP
AP

IE
R

 A
AN

 J
O

U
 A

N
TW

O
O

R
D

EB
O

EK
.) 

(3
) 

5.
4 

G
eb

ru
ik

 d
ie

 in
lig

tin
g 

in
 d

ie
 g

ra
fie

k 
om

 d
ie

 v
ol

ge
nd

e 
vr

ae
 te

 b
ea

nt
w

oo
rd

. 

5.
4.

1 
Be

pa
al

 d
ie

 v
ol

um
e 

ve
rd

un
de

 n
at

riu
m

tio
su

lfa
at

op
lo

ss
in

g 
w

at
 m

oe
t 

re
ag

ee
r s

od
at

 d
ie

 k
ru

is
 in

 4
0 

se
ko

nd
es

 o
ns

ig
ba

ar
 k

an
 w

or
d.

 

G
EB

R
U

IK
 S

TI
PP

EL
LY

N
E 

O
P 

D
IE

 G
R

AF
IE

K 
O

M
 T

E 
TO

O
N

 H
O

E 
JY

 B
Y 

D
IE

 A
N

TW
O

O
R

D
 U

IT
G

EK
O

M
 H

ET
. 

(3
) 

5.
4.

2 
Sk

ry
f '

n 
ge

vo
lg
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kk

in
g 
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r h

ie
rd

ie
 o

nd
er

so
ek

 n
ee

r. 
(2

) 

5.
5 

G
eb

ru
ik

 d
ie

 b
ot

si
ng

st
eo

rie
 o

m
 d

ie
 e

ffe
k 

va
n 

'n
 v

er
ho

gi
ng

 in
 k

on
se

nt
ra

si
e 

op
 

re
ak

si
et
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po

 te
 v

er
du

id
el

ik
. 

(3
) 

5.
6 

D
ie

 m
as

sa
 s

w
aw

el
 w

at
 i

n 
ek

sp
er

im
en

t 
1 

be
re

i 
is

, 
is

 1
,6

2 
g.

 B
er

ek
en

 d
ie

 
m

as
sa

 v
an

 d
ie

 n
at

riu
m

tio
su

lfa
at

 w
at

 in
 e

ks
pe

rim
en

t 1
 g

eb
ru

ik
 is

.  
(4

) 
[1

8]
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p 
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e 
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.) 

6.
1 

'n
 O

m
ke

er
ba

re
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si

e 
w
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d 
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eg

el
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t o
m

 e
w
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ig

 in
 'n
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er
 b

y 
ve
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ki
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nd

e 
te

m
pe
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n 
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 b
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k.
  

D
ie

 g
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fie
k 

hi
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r 
to

on
 d

ie
 p

er
se

nt
as

ie
 o

pb
re

ng
s 
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r 

hi
er

di
e 

re
ak

si
e 

by
 

30
 k

Pa
 s

oo
s 

w
at

 d
ie

 te
m

pe
ra

tu
ur

 v
er

ho
og

 w
or

d.
 

G
eb

ru
ik

 d
ie

 in
lig

tin
g 

in
 d

ie
 g

ra
fie

k 
hi

er
bo

 o
m

 d
ie

 v
ol

ge
nd

e 
vr

ae
 te

 b
ea

nt
w

oo
rd

. 

6.
1.

1 
St

el
 L

e 
C

ha
te

lie
r s

e 
be

gi
ns

el
. 

(2
) 

6.
1.

2 
D

ie
 r

ea
ks

ie
w

ar
m

te
 (
∆H

) 
vi

r 
di

e 
vo

or
w

aa
rts

e 
re

ak
si

e 
is

 P
O

S
IT

IE
F.

 
G

eb
ru

ik
 L

e 
C

ha
te

lie
r s

e 
be

gi
ns

el
 o

m
 h

ie
rd

ie
 s

te
llin

g 
te

 v
er

du
id

el
ik

. 
(3

) 
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 d
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ng
s 
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r 

hi
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e 
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e 
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e 
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m

pe
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tu
ur

 v
er
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de

r. 

6.
1.

3 
Ve

rd
ui

de
lik

 d
ie

 e
ffe

k 
va

n 
'n

 to
en

am
e 

in
 d

ru
k 

op
 d

ie
 e

w
ew

ig
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os
is

ie
 

va
n 

'n
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ak
si

e.
 

(2
) 

6.
1.

4 
W

at
te

r 
EE

N
 

va
n 

di
e 

vo
lg

en
de

 
ve

rg
el

yk
in

gs
 

(I
, 

II
 

of
 

II
I)

 
ve

rte
en

w
oo

rd
ig

 d
ie

 e
w

ew
ig

 h
ie

rb
o?

  

I:
 

2A
(g

)  
+ 

 3
B(

g)
  

  3
C

(g
) 

II
: 

A(
g)

  +
  B

(g
)  

  3
C

(g
) 

II
I:

 
A(

g)
  +

  B
(g

)  
  2

C
(g

) 
(2

) 

6.
2 

'n
 M

en
gs

el
 v

an
 0

,2
 m

ol
 w

at
er

st
of

ch
lo

rie
d 

(H
C
ℓ) 

en
 0

,1
1 

m
ol

 s
uu

rs
to

fg
as

 (O
2)

 
w

or
d 

in
 'n

 2
00

 c
m

3 -fl
es

 b
y 

'n
 s

ek
er

e 
te

m
pe

ra
tu

ur
 v

er
se

ël
. D

ie
 r

ea
ks

ie
 b

er
ei

k 
ew

ew
ig

 v
ol

ge
ns

 d
ie

 g
eb

al
an

se
er

de
 v

er
ge

ly
ki

ng
 h

ie
ro

nd
er

: 

4H
C
ℓ( g

)  
+ 

 O
2(

g)
  

  2
C
ℓ 2

(g
)  

+ 
 2

H
2O

(g
) 

D
aa

r w
or

d 
ge

vi
nd

 d
at

 1
,8

25
 g

 w
at

er
st

of
ch

lo
rie

d 
by

 e
w

ew
ig

 te
en

w
oo

rd
ig

 is
.  

Be
re

ke
n 

di
e 

ew
ew

ig
sk

on
st

an
te

, K
c, 

vi
r h

ie
rd

ie
 re

ak
si

e 
by

 h
ie

rd
ie

 te
m

pe
ra

tu
ur

. 
(9

) 
[1
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7.
1 

D
ie

 g
eb

al
an

se
er

de
 v

er
ge

ly
ki

ng
 h

ie
ro

nd
er

 v
er

te
en

w
oo

rd
ig

 d
ie

 e
er

st
e 

st
ap

 in
 

di
e 

io
ni

sa
si

e 
va

n 
sw

aw
el

su
ur

 (H
2S

O
4)

 in
 w

at
er

: 

H
2S

O
4(
ℓ) 

+ 
H

2O
(ℓ)

  
  H

3O
+ (a

q)
 +

 H
SO

4
(a

q)
 

7.
1.

1 
Sk

ry
f 

di
e 

FO
R

M
U

LE
S 

ne
er

 
va

n 
di

e 
TW

EE
 

ba
si

ss
e 

in
 

di
e 

ve
rg

el
yk

in
g 

hi
er

bo
. 

(2
) 

7.
1.

2 
Is

 s
w

aw
el

su
ur

 '
n 

ST
ER

K 
of

 '
n 

SW
AK

 s
uu

r?
 G

ee
 '

n 
re

de
 v

ir 
di

e 
an

tw
oo

rd
. 

(2
) 

7.
2 

Le
er

de
rs

 g
eb

ru
ik

 d
ie

 r
ea

ks
ie

 v
an

 0
,1

5 
m

ol
∙d

m
-3

 s
w

aw
el

su
ur

op
lo

ss
in

g 
m

et
 'n

 
na

tri
um

hi
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ok
si

ed
op

lo
ss

in
g 

in
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ee

 
ve

rs
ki

lle
nd

e 
ek

sp
er

im
en

te
. 

D
ie

 
ge

ba
la

ns
ee

rd
e 

ve
rg

el
yk

in
g 

vi
r d

ie
 re

ak
si

e 
is

: 

H
2S

O
4(

aq
)  

+ 
 2

N
aO

H
(a

q)
  →

  N
a 2

SO
4(

aq
)  

+ 
 H

2O
(ℓ)

 

7.
2.

1 
H

ul
le

 g
eb

ru
ik

 2
4 

cm
3  H

2S
O

4(
aq

) i
n 

'n
 ti

tra
si

e 
om

 2
6 

cm
3  N

aO
H

(a
q)

 
te

 n
eu

tra
lis

ee
r. 

 

Be
re

ke
n 

d i
e 

ko
ns

en
tra

si
e 

va
n 

di
e 

N
aO

H
(a

q)
. 

(5
) 

7.
2.

2 
In

 
'n

 
an

de
r 

ek
sp

er
im

en
t 

w
or

d 
30

 
cm

3  
va

n 
di

e 
H

2S
O

4(
aq

)  
by

 2
0 

cm
3  v

an
 '

n 
0,

28
 

m
ol
∙d

m
-3

-N
aO

H
-o

pl
os

si
ng

 i
n 

'n
 b

ek
er

 
ge

vo
eg

.  

Be
re

ke
n 

di
e 

pH
 v

an
 d

ie
 fi

na
le

 o
pl

os
si

ng
. 

(8
) 

[1
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8.
1 

'n
 G

ro
ep

 le
er

de
rs

 g
eb

ru
ik

 d
ie

 re
ak

si
e 

hi
er

on
de

r o
m

 'n
 e

le
kt

ro
ch

em
ie

se
 s

el
 o

p 
te

 s
te

l. 

Sn
2+

(a
q)

  +
  2

Ag
+ (a

q)
  →

  2
A

g(
s)

  +
  S

n4+
(a

q)
 

8.
1.

1 
D

ef
in

ie
er

 'n
 re

du
se

er
m

id
de

l t
en

 o
ps

ig
te

 v
an

 e
le

kt
ro
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or

dr
ag

. 
(2

) 

8.
1.

2 
N

oe
m

 
'n

 
st

of
 

w
at

 
as

 
el
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de
 

in
 

di
e 

an
od

e-
ha

lfs
el

 
ge
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ui

k 
m

oe
t w

or
d.

 
(1

) 

8.
1.

3 
Sk

ry
f d

ie
 N

AA
M

 o
f F

O
R

M
U

LE
 v

an
 d

ie
 re

du
se

er
m

id
de

l n
ee

r. 
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) 
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1.
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Sk

ry
f d

ie
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si

e 
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di
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l n
ee

r. 
(3

) 

8.
1.

5 
Be

re
ke

n 
di

e 
aa
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an
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ik

e 
em
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va

n 
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8.
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 'n

 a
pa

rte
 e

ks
pe

rim
en

t 
pl
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s 

di
e 

le
er

de
rs

 m
ag

ne
si

um
lin
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in

 'n
 b

ek
er

 w
at

 
'n

 b
lo

u 
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pe
r(I

I)s
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fa
at
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lo

ss
in

g 
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va
t. 

N
a 

'n
 r

uk
ki

e 
w

or
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di
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op
lo
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in

g 
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eu
rlo

os
. 

8.
2.
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N

oe
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 E
EN

 w
aa
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m
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 v

er
an

de
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g 
in

 d
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er
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vi
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er

in
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di
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 d
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er
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an
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aa
k.

 
(1

) 

8.
2.
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Ve

rw
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di

e 
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w
e 

st
er

kt
es

 
va

n 
ok

si
de

er
m

id
de
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se
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w
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in
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kl

eu
rlo
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or
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 D
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 d
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 d
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r t
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 d
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 d
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3.
3 

G
eb

ru
ik

 d
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 d
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 d
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r d
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 d
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 d
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 d
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 d
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 d
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Ë
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Ê
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Ê
R

E
 a

lk
oh

ol
? 

G
ee

 'n
 

re
de

 v
ir 

di
e 

an
tw

oo
rd

. 
(2

) 

4.
2 

S
kr

yf
 n

ee
r d

ie
 s

oo
rt:

 

4.
2.

1 
E

lim
in

as
ie

re
ak

si
e 

de
ur

 A
 v

er
te

en
w

oo
rd

ig
 

 
(1

) 

4.
2.

2 
A

dd
is

ie
re

ak
si

e 
de

ur
 B

 v
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 D
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 d
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 d
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 re
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 b
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 d
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M
E 

VA
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0
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 d
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 d
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 d
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 c
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D
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m

 '
n 

ba
si

es
e 

op
lo

ss
in

g 
te

 v
or

m
 v

ol
ge

ns
 d

ie
 

vo
lg

en
de

 g
eb

al
an

se
er

de
 v

er
ge

ly
ki

ng
: 

 
N

H
3(

g)
 +

 H
2

  
4

N
H

(a
q)

 +
 O

H
(a

q)
 

 

 
  

7.
1.

1 
Is

 a
m

m
on

ia
k 

'n
 S

W
AK

 o
f 

'n
 S

TE
R

K
 b

as
is

? 
G

ee
 '

n 
re

de
 v

ir 
di

e 
an

tw
oo

rd
. 

 
(2

) 
  

7.
1.

2 
S

kr
yf

 d
ie

 g
ek

on
ju

ge
er

de
 s

uu
r v

an
 N

H
3(

g)
 n

ee
r. 

 
(1

) 
  

7.
1.

3 
Id

en
tif

is
ee

r E
E

N
 s

to
f i

n 
hi

er
di

e 
re

ak
si

e 
w

at
 a

s 
'n

 a
m

fo
lie

t i
n 

so
m

m
ig

e 
re

ak
si

es
 k

an
 o

pt
re

e.
 

 
(1

) 
 7.

2 
'n

 L
ee

rd
er

 v
oe

g 
ge

di
st

ille
er

de
 w

at
er

 b
y 

'n
 g

ro
nd

m
on

st
er

 e
n 

fil
tre

er
 d

an
 d

ie
 

m
en

gs
el

. D
ie

 p
H

 v
an

 d
ie

 g
ef

ilt
re

er
de

 v
lo

ei
st

of
 w

or
d 

da
n 

ge
m

ee
t.  

 H
y 

vo
eg

 d
an

 g
el

ei
de

lik
 'n

 a
m

m
on

ia
ko

pl
os

si
ng

, 
N

H
3(

aq
), 

by
 h

ie
rd

ie
 v

lo
ei

st
of

 
en

 m
ee

t 
di

e 
pH

 v
an

 d
ie

 o
pl

os
si

ng
 m

et
 g

er
ee

ld
e 

tu
ss

en
po

se
s.

 D
ie

 g
ra

fie
k 

hi
er

on
de

r t
oo

n 
di

e 
re

su
lta

te
 w

at
 v

er
kr

y 
is

. 

 
 

  
G

ra
fie

k 
va

n 
pH

 te
en

oo
r v

ol
um

e 
va

n 
N

H
3(

aq
) 

               
7.

2.
1 

Is
 d

ie
 g

ro
nd

m
on

st
er

 S
U

U
R

 o
f B

A
S

IE
S

? 
V

er
w

ys
 n

a 
di

e 
gr

af
ie

k 
hi

er
bo

 
en

 g
ee

 'n
 re

de
 v

ir 
di

e 
an

tw
oo

rd
. 

 
(2

) 
  

7.
2.

2 
B

er
ek

en
 

di
e 

ko
ns

en
tra

si
e 

hi
dr

ok
si

ed
io

ne
 

( O
H

) 
in

 
di

e 
re

ak
si

em
en

gs
el

 n
a 

di
e 

by
vo

eg
in

g 
va

n 
4 

cm
3  N

H
3(

aq
). 

 
(4

) 
 

   
   

   
   

   
  2

   
   

   
   

   
 4

   
   

   
   

   
 6

   
   

   
   

   
 8

   
   

   
   

   
10

 

pH 

Vo
lu

m
e 

va
n 

N
H

3(
aq

) b
yg

ev
oe

g 
(c

m
3 ) 

12
 0 4 8 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

13
 

D
BE

/N
ov

em
be

r 2
01

7 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

  7.
3 

'n
 L

ab
or

at
or

iu
m

te
gn

ik
us

 w
il 

di
e 

ko
ns

en
tra

si
e 

va
n 

'n
 s

ou
ts

uu
r(

-m
on

st
er

 
be

pa
al

. H
y 

vo
eg

 5
 c

m
3  v

an
 d

ie
 

-m
on

st
er

 b
y 

49
5 

cm
3  g

ed
is

til
le

er
de

 w
at

er
 

om
 5

00
 c

m
3  

.  
 Ty

de
ns

 'n
 r

ea
ks

ie
 r

ea
ge

er
 5

0 
cm

3  v
an

 h
ie

rd
ie

 v
er

du
nd

e 
so

ut
su

ur
op

lo
ss

in
g,

 
vo

lle
di

g 
m

et
 0

,2
9 

g 
na

tri
um

ka
rb

on
aa

t, 
N

a 2
C

O
3(

s)
. 

 

 
            

D
ie

 g
eb

al
an

se
er

de
 v

er
ge

ly
ki

ng
 v

ir 
di

e 
re

ak
si

e 
is

: 
 

N
a 2

C
O

3
2(

g)
 +

 H
2

 
 B

er
ek

en
 d

ie
 k

on
se

nt
ra

si
e 

va
n 

di
e 

so
ut

su
ur

m
on

st
er

. 

 

(7
) 

 
 

 
[1

7]
 

 VR
A

A
G

 8
  (

B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

 
 8.

1 
Le

er
de

rs
 

st
el

 
'n

 
ga

lv
an

ie
se

 
se

l 
op

 
en

 
m

ee
t 

di
e 

em
k 

da
ar

va
n 

on
de

r 
st

an
da

ar
dt

oe
st

an
de

. 
 

 

              
8.

1.
1 

S
kr

yf
 d

ie
 n

aa
m

 v
an

 k
om

po
ne

nt
 Y

 n
ee

r. 
 

(1
) 

  
8.

1.
2 

Is
 A

 A
N

O
D

E
 o

f d
ie

 K
AT

O
D

E
? 

 
(1

) 
  

8.
1.

3 
S

kr
yf

 
di

e 
al

ge
he

le
 

(n
et

to
) 

se
lre

ak
si

e 
ne

er
 

w
at

 
in

 
hi

er
di

e 
se

l 
pl

aa
sv

in
d 

w
an

ne
er

 d
it 

in
 w

er
ki

ng
 is

. 
 

 (3
) 

  
8.

1.
4 

B
er

ek
en

 d
ie

 a
an

va
nk

lik
e 

em
k 

va
n 

hi
er

di
e 

se
l. 

 
(4

) 
 

A
 

A
gN

O
3(

aq
) 

A
g 

Y 

- 
m

on
st

er
 

5 
cm

3   
50

 c
m

3   

0,
29

 g
 

N
a 2

C
O

3 

49
5 

cm
3  

ge
di

st
ille

er
de

 
w

at
er

 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

14
 

D
BE

/N
ov

em
be

r 2
01

7 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

  8.
2 

O
or

w
ee

g 
di

e 
ha

lfs
el

le
, P

, Q
 e

n 
R

, w
at

 in
 d

ie
 ta

be
l h

ie
ro

nd
er

 v
oo

rg
es

te
l w

or
d.

 
 

 
 

H
A

LF
SE

L 
P 

Q
 

R
 

Zn
 | 

Zn
2+

(a
q)

 
2 

| C
 

(a
q)

 
C

u 
| C

u2+
(a

q)
 

  
V

er
sk

ille
nd

e 
ko

m
bi

na
si

es
 v

an
 d

ie
 h

al
fs

el
le

 h
ie

rb
o 

w
or

d 
ve

rg
el

yk
 o

m
 d

ie
 

ho
og

st
e 

em
k 

te
 b

ep
aa

l w
at

 o
nd

er
 s

ta
nd

aa
rd

to
es

ta
nd

e 
ge

le
w

er
 w

or
d.

 
 

 

  
8.

2.
1 

S
kr

yf
 d

ie
 N

AA
M

 v
an

 'n
 g

es
ki

kt
e 

el
ek

tro
de

 v
ir 

ha
lfs

el
 Q

 n
ee

r. 
 

(1
) 

  
8.

2.
2 

N
oe

m
 

di
e 

st
an

da
ar

dt
oe

st
an

de
 

w
aa

ro
nd

er
 

di
e 

ha
lfs

el
le

 
m

oe
t 

fu
nk

si
on

ee
r o

m
 'n

 re
gv

er
di

ge
 v

er
ge

ly
ki

ng
 te

 v
er

se
ke

r. 
 

(2
) 

  
8.

2.
3 

S
kr

yf
 d

ie
 N

A
A

M
 o

f F
O

R
M

U
LE

 n
ee

r v
an

 d
ie

 s
te

rk
st

e 
re

du
se

er
m

id
de

l 
in

 d
ie

 h
al

fs
el

le
 h

ie
rb

o.
 

 
(1

) 
  

8.
2.

4 
W

at
te

r k
om

bi
na

si
e 

ha
lfs

el
le

 s
al

 d
ie

 h
oo

gs
te

 e
m

k 
le

w
er

? 
K

ie
s 

ui
t P

R
, 

PQ
 o

f Q
R

. (
G

E
E

N
 b

er
ek

en
in

g 
w

or
d 

ve
rla

ng
 N

IE
.) 

 
(1

) 
 

 
 

 
[1

4]
 

 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

15
 

D
BE

/N
ov

em
be

r 2
01

7 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

Kr
ag

br
on

 

G
ek

on
se

nt
re

er
de

 
C

u C
2(

aq
) 

P 
Q

 

  VR
A

A
G

 9
  (

B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

 
 D

ie
 v

er
ee

nv
ou

di
gd

e 
di

ag
ra

m
 h

ie
ro

nd
er

 s
te

l '
n 

el
ek

tro
ch

em
ie

se
 s

el
 v

oo
r w

at
 ty

de
ns

 d
ie

 
su

iw
er

in
g 

va
n 

ko
pe

r g
eb

ru
ik

 w
or

d.
 E

en
 v

an
 d

ie
 e

le
kt

ro
de

s 
be

st
aa

n 
ui

t o
ns

ui
w

er
 k

op
er

. 
 

 
              9.

1 
W

at
te

r 
so

or
t k

ra
gb

ro
n,

 W
S 

of
 G

S
, w

or
d 

ge
br

ui
k 

om
 d

ie
 r

ea
ks

ie
 in

 h
ie

rd
ie

 s
el

 
aa

n 
te

 d
ry

f?
  

 
(1

) 
 9.

2 
W

an
ne

er
 'n

 e
le

kt
rie

se
 s

tro
om

 d
eu

r 
di

e 
C

uC
2(

aq
) 

vl
oe

i, 
ne

em
 d

ie
 m

as
sa

 v
an

 
el

ek
tro

de
 P

 to
e.

 
 Is

 e
le

kt
ro

de
 P

 d
ie

 K
AT

O
D

E
 o

f d
ie

 A
N

O
D

E?
  

S
kr

yf
 d

ie
 re

le
va

nt
e 

ha
lfr

ea
ks

ie
 n

ee
r o

m
 d

ie
 a

nt
w

oo
rd

 te
 o

nd
er

st
eu

n.
 

 

(3
) 

 9.
3 

D
ie

 o
ns

ui
w

er
 k

op
er

 b
ev

at
 s

in
k-

on
su

iw
er

he
de

 w
at

 n
a 

si
nk

-io
ne

 g
eo

ks
id

ee
r 

w
or

d.
 

 V
er

w
ys

 n
a 

di
e 

re
la

tie
w

e 
st

er
kt

es
 v

an
 o

ks
id

ee
rm

id
de

ls
 o

m
 t

e 
ve

rd
ui

de
lik

 
w

aa
ro

m
 d

ie
 s

in
k-

io
ne

 n
ie

 d
ie

 g
eh

al
te

 v
an

 d
ie

 s
ui

w
er

 k
op

er
 w

at
 in

 h
ie

rd
ie

 s
el

 
ge

le
w

er
 w

or
d,

 s
al

 b
eï

nv
lo

ed
 n

ie
. 

 

(3
) 

 9.
4 

E
le

kt
ro

de
 P

 e
n 

Q
 w

or
d 

no
u 

de
ur

 k
oo

ls
to

fe
le

kt
ro

de
s 

ve
rv

an
g.

 
 

 
   

9.
4.

2 
H

oe
 s

al
 d

ie
 k

on
se

nt
ra

si
e 

va
n 

di
e 

el
ek

tro
lie

t 
ve

ra
nd

er
 s

oo
s 

w
at

 d
ie

 
re

ak
si

e 
ve

rlo
op

? 
K

ie
s 

ui
t 

V
E

R
H

O
O

G
, 

V
E

R
LA

A
G

 
of

 
B

LY
 

D
IE

S
E

LF
D

E
. 

 

(1
) 

 
 

 
[9

] 
  

9.
4.

1 
W

at
 s

al
 b

y 
el

ek
tro

de
 Q

 w
aa

rg
en

ee
m

 w
or

d?
 

 
(1

) 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

16
 

D
BE

/N
ov

em
be

r 2
01

7 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

  VR
A

A
G

 1
0 

 (B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

 
 10

.1
 

D
ie

 v
er

ge
ly

ki
ng

s 
hi

er
on

de
r 

ve
rte

en
w

oo
rd

ig
 t

w
ee

 in
du

st
rië

le
 p

ro
se

ss
e 

w
at

 b
y 

di
e 

be
re

id
in

g 
va

n 
am

m
on

iu
m

ni
tra

at
 b

et
ro

kk
e 

is
. 

 

 
 

              
S

kr
yf

 n
ee

r d
ie

: 
 

 
  

10
.1

.1
 

N
A

A
M

 v
an

 s
to

f A
 

 
(1

) 
  

10
.1

.2
 

FO
R

M
U

LE
 v

an
 s

to
f B

 
 

(1
) 

  
10

.1
.3

 
N

A
A

M
 w

at
 a

an
 re

ak
si

e 
I g

eg
ee

 w
or

d 
 

(1
) 

  
10

.1
.4

 
N

A
A

M
 o

f 
FO

R
M

U
LE

 v
an

 d
ie

 k
at

al
is

at
or

 w
at

 i
n 

re
ak

si
e 

I 
ge

br
ui

k 
w

or
d 

 
 (1

) 
  

10
.1

.5
 

N
aa

m
 v

an
 p

ro
se

s 
X 

 
(1

) 
  

10
.1

.6
 

N
aa

m
 v

an
 p

ro
se

s 
Y 

 
(1

) 
  

10
.1

.7
 

G
eb

al
an

se
er

de
 v

er
ge

ly
ki

ng
 v

ir 
di

e 
be

re
id

in
g 

va
n 

am
m

on
iu

m
ni

tra
at

 
ui

t d
ie

 p
ro

du
kt

e 
w

at
 in

 p
ro

se
s 

X 
en

 p
ro

se
s 

Y 
ve

rk
ry

 is
 

 
(3

) 
 10

.2
 

'n
 1

5 
kg

-s
ak

 k
un

sm
is

 b
ev

at
 5

%
 fo

sf
or

, 1
0%

 s
tik

st
of

 e
n 

15
%

 k
al

iu
m

.  
 B

er
ek

en
 d

ie
: 

 

 
  

10
.2

.1
 

M
as

sa
 fo

sf
or

 in
 d

ie
 s

ak
 

 
(2

) 
  

10
.2

.2
 

M
as

sa
 b

in
ds

to
w

w
e 

(v
ul

st
ow

w
e)

 in
 d

ie
 s

ak
 

 
(3

) 
 

 
 

[1
4]

 
 

 
 

 
 

TO
TA

A
L:

 
 

15
0 

  

Pr
os

es
 X

 
 I:

   
  A

 +
 5

O
2(

g)
  

 4
N

O
 +

 6
H

2O
(g

) 
 II

:  
 2

N
O

(g
) +

 O
2(

g)
  

 2
B

 
 II

I:
  B

 +
 H

2O
(g

)  
 H

N
O

3(
g)

 +
 N

O
(g

) 

Pr
os

es
 Y

 
 IV

:  
 N

2(
g)

 +
 3

H
2(

g)
  

  2
N

H
3(

g)
 

A
m

m
on

iu
m

ni
tra

at
 

  Ko
pi

er
eg

 v
oo

rb
eh

ou
 

 
Bl

aa
i o

m
 a

ss
eb

lie
f  

      
  

                      PU
N

TE
:  

15
0 

 TY
D

:  
3 

uu
r 

      
 

H
ie

rd
ie

 v
ra

es
te

l b
es

ta
an

 u
it 

18
 b

la
ds

ye
 e

n 
4 

ge
ge

w
en

sb
la

ai
e.

 
   

FI
SI

ES
E 

W
ET

EN
SK

AP
PE

:  
C

H
EM

IE
 (V

2)
 

 
N

O
VE

M
B

ER
 2

01
6 

N
A

SI
O

N
A

LE
 

SE
N

IO
R

 S
ER

TI
FI

K
A

A
T 

G
R

A
A

D
 1

2 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
3 

D
BE

/N
ov

em
be

r 2
01

6 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

VR
A

A
G

 1
:  

 M
EE

R
VO

U
D

IG
EK

EU
SE

-V
R

AE
 

V
er

sk
ei

e 
op

si
es

 w
or

d 
as

 m
oo

nt
lik

e 
an

tw
oo

rd
e 

op
 d

ie
 v

ol
ge

nd
e 

vr
ae

 g
eg

ee
. 

S
kr

yf
 

di
e 

vr
aa

gn
om

m
er

 (
1.

1–
1.

10
) 

ne
er

, k
ie

s 
di

e 
an

tw
oo

rd
 e

n 
m

aa
k 

'n
 k

ru
is

ie
 (

X)
 o

or
 d

ie
 

le
tte

r (
A

–D
) v

an
 jo

u 
ke

us
e 

in
 d

ie
 A

N
TW

O
O

R
D

E
B

O
E

K
. 

V
O

O
R

B
E

EL
D

: 

1.1
1  

A
 

B
C

D
 

1.
1 

In
 'n

 c
he

m
ie

se
 re

ak
si

e 
sa

l '
n 

ok
si

de
er

m
id

de
l …

  

A
 

B
 

C
 

D
 

pr
ot

on
e 

ve
rlo

or
. 

pr
ot

on
e 

op
ne

em
. 

el
ek

tro
ne

 v
er

lo
or

. 

el
ek

tro
ne

 o
pn

ee
m

. 
(2

) 

1.
2 

'n
 K

at
al

is
at

or
 w

or
d 

by
 'n

 re
ak

si
em

en
gs

el
 in

 e
w

ew
ig

 g
ev

oe
g.

  

W
at

te
r 

E
E

N
 v

an
 d

ie
 v

ol
ge

nd
e 

st
el

lin
gs

 o
or

 d
ie

 e
ffe

k 
va

n 
di

e 
ka

ta
lis

at
or

 i
s 

O
N

W
AA

R
? 

A
 

B
 

C
 

D
 

D
ie

 te
m

po
 v

an
 d

ie
 v

oo
rw

aa
rts

e 
re

ak
si

e 
ve

rh
oo

g.
 

D
ie

 te
m

po
 v

an
 d

ie
 te

ru
gw

aa
rts

e 
re

ak
si

e 
ve

rh
oo

g.
 

D
ie

 e
w

ew
ig

sp
os

is
ie

 s
ku

if 
na

 re
gs

.  

D
ie

 e
w

ew
ig

sp
os

is
ie

 b
ly

 o
nv

er
an

de
rd

. 
(2

) 

1.
3 

W
at

te
r p

ro
du

k 
sa

l g
ev

or
m

 w
or

d 
w

an
ne

er
 'n

 a
lk

ee
n 

in
 d

ie
 te

en
w

oo
rd

ig
he

id
 v

an
 

'n
 s

uu
rk

at
al

is
at

or
 m

et
 w

at
er

da
m

p 
(H

2O
) r

ea
ge

er
? 

 

A
 

B
 

C
 

D
 

E
st

er
 

A
lk

aa
n 

A
lk

oh
ol

 

A
ld

eh
ie

d 
(2

) 

1.
4 

W
at

te
r E

E
N

 v
an

 d
ie

 v
ol

ge
nd

e 
st

el
 'n

 S
U

BS
TI

TU
S

IE
R

E
A

K
SI

E
 v

oo
r?

 

A
 

B
 

C
 

D
 

C
H

2 
= 

C
H

2 
+ 

H
B

r  CH
3C

H
2B

r 

C
H

2 
= 

C
H

2 
+ 

H
2O

  CH
3C

H
2O

H
 

C
H

3C
H

2
2 

= 
C

H
2 

+ 
H

2O
  

C
H

3C
H

2
3C

H
2B

r +
 H

2O
 

(2
) 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
4 

D
BE

/N
ov

em
be

r 2
01

6 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

1.
5 

B
es

ko
u 

di
e 

tw
ee

 o
rg

an
ie

se
 m

ol
ek

ul
e 

I 
en

 I
I 

hi
er

on
de

r. 

I
II

W
at

te
r 

E
E

N
 v

an
 d

ie
 v

ol
ge

nd
e 

ve
rte

en
w

oo
rd

ig
 d

ie
 h

om
ol

oë
 r

ee
ks

e 
w

aa
ra

an
 

ve
rb

in
di

ng
 I

 e
n 

ve
rb

in
di

ng
 I

I 
be

ho
or

t?
 

I 
II

 

(2
) 

A
 

K
et

on
e

A
l k

oh
ol

e
B

 
A

ld
eh

ie
de

K
et

o n
e

C
 

A
ld

eh
ie

de
A

lk
oh

ol
e

D
 

K
et

on
e

A
ld

eh
ie

de

1.
6  

B
es

ko
u  

di
e 

ge
ba

la
ns

ee
rd

e 
ve

rg
el

yk
in

gs
 

vi
r 

dr
ie

 
re

ak
si

es
 

w
at

 
hi

er
on

de
r 

vo
or

ge
st

el
 w

or
d:

 

I:
 

N
2(

g)
 +

 3
H

2(
g)

  
  2

N
H

3(
g)

  

II
: 

4N
H

3(
g)

 +
 5

O
2(

g)
  

  4
N

O
(g

) +
 6

H
2O

(g
) 

II
I:

 
2N

O
(g

) +
 O

2(
g)

  
  2

N
O

2(
g)

 

W
at

te
r v

an
 d

ie
 re

ak
si

es
 h

ie
rb

o 
is

 'n
 d

ee
l v

an
 d

ie
 O

st
w

al
dp

ro
se

s?
 

A
 

B
 

C
 

D
 

S
l e

gs
 I

 

S
le

gs
 I

I 

S
le

gs
 I

II
  

S
le

gs
 I

I 
en

 I
II

 
(2

) 

1.
7 

W
at

te
r 

E
E

N
 v

an
 d

ie
 v

ol
ge

nd
e 

pa
re

 is
 N

IE
 'n

 g
ek

on
ju

ge
er

de
 s

uu
r-b

as
is

pa
ar

 
N

IE
? 

A
 

B
 

C
 

D
 

O
H

3
 e

n 
O

H
 

4
N

H
 e

n 
N

H
3 

4
2P

O
H

 e
n 

2 4
H

PO

H
2C

O
3 

 e
n 

3
H

C
O

(2
) 

C
 

C
 

H
 

H
 

H
 

H
 

H
 

H
 

C
 

O
 

C
 

C
 

C
 

H
 

H
 

H
 

O
 

H
 

H
 

H
 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
5 

D
BE

/N
ov

em
be

r 2
01

6 
 

N
SS

  

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

 
Bl

aa
i o

m
 a

ss
eb

lie
f 

  1.
8 

D
ie

 r
ea

ks
ie

 t
us

se
n 

w
at

er
st

of
ga

s 
en

 j
od

iu
m

ga
s 

be
re

ik
 e

w
ew

ig
 i

n 
'n

 g
es

lo
te

 
ho

ue
r v

ol
ge

ns
 d

ie
 v

ol
ge

nd
e 

ge
ba

la
ns

ee
rd

e 
ve

rg
el

yk
in

g:
 

 
H

2(
g)

 +
 I 2

(g
)  

  2
H

I(g
) 

 W
at

te
r 

E
E

N
 v

an
 d

ie
 g

ra
fie

ke
 h

ie
ro

nd
er

 t
oo

n 
di

e 
ve

rw
an

ts
ka

p 
tu

ss
en

 d
ie

 
ho

ev
ee

lh
ei

d 
H

I(
g)

 
by

 
ew

ew
ig

 
en

 
di

e 
dr

uk
 

in
 

di
e 

ho
ue

r 
by

 
ko

ns
ta

nt
e 

te
m

pe
ra

tu
ur

? 
 

 
 

  
A

 
          

B
 

        

 

(2
) 

C
 

         

D
 

     

 1.
9 

W
at

te
r 

E
E

N
 v

an
 d

ie
 v

er
ge

ly
ki

ng
s 

hi
er

on
de

r 
ve

rte
en

w
oo

rd
ig

 d
ie

 h
al

fre
ak

si
e 

w
at

 p
la

as
vi

nd
 b

y 
di

e 
K

AT
O

D
E

 v
an

 'n
 e

le
kt

ro
ch

em
ie

se
 s

el
 w

at
 g

eb
ru

ik
 w

or
d 

om
 'n

 v
oo

rw
er

p 
te

 e
le

kt
ro

pl
at

ee
r?

  

 
 

  
A

 
 B

 
 C

 
 D

 

+  +
 e

-  
 C

r3+
 +

 3
e-   

 
 C

r3+
 +

 e
-   

2+
 

 C
u2+

 +
 e

-   
+ 

 

(2
) 

 

Hoeveelheid HI (mol) 

D
ru

k 
(k

Pa
)  

D
ru

k 
(k

Pa
)  

Hoeveelheid HI (mol) 
D

ru
k 

(k
Pa

)  
Hoeveelheid HI (mol) 

D
ru

k 
(k

Pa
)  

Hoeveelheid HI (mol) 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
6 

D
BE

/N
ov

em
be

r 2
01

6 
 

N
SS

  

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

 
Bl

aa
i o

m
 a

ss
eb

lie
f 

  1.
10

 
G

el
yk

e 
ho

ev
ee

lh
ed

e 
m

ag
ne

si
um

po
ei

er
 

(M
g)

 
re

ag
ee

r 
on

de
rs

ke
id

el
ik

 
m

et
 

ge
ly

ke
 

vo
lu

m
es

 
en

 
ge

ly
ke

 
ko

ns
en

tra
si

es
 

H
C

en
 

H
2S

O
4

, 
so

os
 

hi
er

on
de

r g
et

oo
n.

 

 
 

           
M

ag
ne

si
um

 is
 in

 O
O

R
M

A
A

T.
 

 B
es

ko
u 

di
e 

vo
lg

en
de

 s
te

llin
gs

 o
or

 h
ie

rd
ie

 tw
ee

 re
ak

si
es

: 
 I:

 Die
 a

an
va

nk
lik

e 
te

m
po

 v
an

 d
ie

 r
ea

ks
ie

 in
 p

ro
ef

bu
is

 X
 is

 g
el

yk
 a

an
 d

ie
 

 
aa

nv
an

kl
ik

e 
te

m
po

 v
an

 d
ie

 re
ak

si
e 

in
 p

ro
ef

bu
is

 Y
. 

 II
: 

N
a 

vo
lto

oi
in

g 
va

n 
di

e 
re

ak
si

es
 

sa
l 

di
e 

m
as

sa
 

m
ag

ne
si

um
 

w
at

 
in

 
 

pr
oe

fb
ui

s 
X 

oo
rb

ly
 g

ro
te

r w
ee

s 
as

 d
ié

 in
 p

ro
ef

bu
is

 Y
.  

 II
I:

 
D

ie
 h

oe
ve

el
he

id
 w

at
er

st
of

ga
s 

w
at

 in
 X

 g
ev

or
m

 w
or

d,
 is

 g
el

yk
 a

an
 d

ie
 

 
ho

ev
ee

lh
ei

d 
w

at
er

st
of

ga
s 

w
at

 in
 Y

 g
ev

or
m

 w
or

d.
 

 W
at

te
r v

an
 d

ie
 s

te
llin

gs
 h

ie
rb

o 
 is

 W
AA

R
? 

 
 

  
A

 
 B

 
 C

 
 D

 

S
le

gs
 I

  
 S

le
gs

 I
I 

 
 S

le
gs

 I
II

  
 S

le
gs

 I
 e

n 
II

I 
 

 
      (2

) 
 

 
 

 
[2

0]
 

    

10
0 

cm
3  

1 
m

ol
dm

-3
 H

C
 

M
g(

s)
 Pr

oe
fb

ui
s 

X 
Pr

oe
fb

ui
s 

Y 

10
0 

cm
3  

1 
m

ol
dm

-3
 H

2S
O

4
 

M
g(

s)
 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
7 

D
BE

/N
ov

em
be

r 2
01

6 
 

N
SS

  

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

 
Bl

aa
i o

m
 a

ss
eb

lie
f 

  VR
A

A
G

 2
   

(B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

 
 

 D
ie

 le
tte

rs
 A

 to
t F

 in
 d

ie
 ta

be
l h

ie
ro

nd
er

 v
er

te
en

w
oo

rd
ig

 s
es

 o
rg

an
ie

se
 v

er
bi

nd
in

gs
. 

 
 

  

A
 

        

B
 

    E
tie

le
ta

no
aa

t 

 
 

 
C

 
 2,

3-
di

br
om

o-
3-

m
et

ie
lp

en
ta

an
 

 
D

 
 P

ol
i-e

te
en

 
 

 

 

E 

      

F 

 
 

 

 2.
1 

S
kr

yf
 d

ie
 L

ET
TE

R
 n

ee
r w

at
 d

ie
 v

ol
ge

nd
e 

ve
rte

en
w

oo
rd

ig
: 

 
 

  
2.

1.
1 

'n
 K

oo
lw

at
er

st
of

 
 

(1
) 

  
2.

1.
2 

'n
 F

un
ks

io
ne

le
 is

om
ee

r v
an

 v
er

bi
nd

in
g 

F 
 

(1
) 

  
2.

1.
3 

'n
 V

er
bi

nd
in

g 
w

at
 a

an
 d

ie
se

lfd
e 

ho
m

ol
oë

 r
ee

ks
 a

s 
ve

rb
in

di
ng

 B
 

be
ho

or
t 

 
(1

) 
  

2.
1.

4 
'n

 P
la

st
ie

k 
 

(1
) 

 2.
2 

S
kr

yf
 d

ie
 S

TR
U

KT
U

U
R

FO
R

M
U

LE
 v

an
 E

LK
 v

an
 d

ie
 v

ol
ge

nd
e 

ne
er

:  
 

 
  

2.
2.

1 
V

er
bi

nd
in

g 
C

 
 

(3
) 

  
2.

2.
2 

D
ie

 s
uu

r w
at

 g
eb

ru
ik

 w
or

d 
om

 v
er

bi
nd

in
g 

B
 te

 b
er

ei
 

 
(2

) 
  

2.
2.

3 
D

ie
 m

on
om

ee
r w

at
 g

eb
ru

ik
 w

or
d 

om
 v

er
bi

nd
in

g 
D

 te
 b

er
ei

 
 

(2
) 

 2.
3 

V
er

bi
nd

in
g 

A
 r

ea
ge

er
 m

et
 'n

 o
nb

ek
en

de
 r

ea
kt

an
s,

 X
, o

m
 2

-m
et

ie
lp

ro
pa

an
 te

 
vo

rm
. 

 S
kr

yf
 n

ee
r d

ie
: 

 

 
  

2.
3.

1 
N

A
A

M
 v

an
 re

ak
ta

ns
 X

 
 

(1
) 

  
2.

3.
2 

S
oo

rt 
re

ak
si

e 
w

at
 p

la
as

vi
nd

 
 

(1
) 

 
 

 
 

[1
3]

 

C
 

C
 

C
 

H
 

C
 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

C
 

C
 

H
 

H
 

H
 

H
 

C
 

H
 

H
 

C
 

H
 

O

O
 

H
 

C
 

C
 

H
 

H
 

H
 

H
 

C
 

O
 

O
 

H
 

H
 

H
 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
8 

D
BE

/N
ov

em
be

r 2
01

6 
 

N
SS

  

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

 
Bl

aa
i o

m
 a

ss
eb

lie
f 

  VR
A

A
G

 3
   

(B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

 
 

 D
ie

 k
oo

kp
un

te
 v

an
 d

rie
 is

om
er

e 
w

or
d 

in
 d

ie
 ta

be
l h

ie
ro

nd
er

 g
eg

ee
. 

 
 

 
 

IS
O

M
ER

E 
K

O
O

K
PU

N
T 

(°
C

) 
A

 
2,

2-
di

m
et

ie
lp

ro
pa

an
 

9 

B
 

2-
m

et
ie

lb
ut

aa
n 

28
 

C
 

pe
nt

aa
n 

36
 

 3.
1 

D
ef

in
ie

er
 d

ie
 te

rm
 s

tru
kt

uu
ris

om
ee

r. 
 

(2
) 

 3.
2 

W
at

te
r 

so
or

t i
so

m
er

e 
(P

O
S

IS
IE

, K
ET

TI
N

G
 o

f F
U

N
K

S
IO

N
E

E
L)

 is
 h

ie
rd

ie
 d

rie
 

ve
rb

in
di

ng
s?

 
 

(1
) 

 3.
3 

V
er

du
id

el
ik

 d
ie

 n
ei

gi
ng

 in
 d

ie
 k

oo
kp

un
te

 v
an

 v
er

bi
nd

in
g 

A 
na

 v
er

bi
nd

in
g 

C
. 

 
(3

) 
 3.

4 
W

at
te

r 
E

E
N

 v
an

 d
ie

 d
rie

 v
er

bi
nd

in
gs

 (
A

, B
 o

f C
) 

he
t d

ie
 h

oo
gs

te
 d

am
pd

ru
k?

 
V

er
w

ys
 n

a 
di

e 
da

ta
 in

 d
ie

 ta
be

l o
m

 'n
 re

de
 v

ir 
di

e 
an

tw
oo

rd
 te

 g
ee

. 
 

(2
) 

 3.
5 

G
eb

ru
ik

 M
O

LE
K

U
LÊ

R
E

 F
O

R
M

U
LE

S
 e

n 
sk

ry
f 

'n
 g

eb
al

an
se

er
de

 v
er

ge
ly

ki
ng

 
vi

r d
ie

 v
ol

le
di

ge
 v

er
br

an
di

ng
 v

an
 v

er
bi

nd
in

g 
B

. 
 

 (3
) 

[1
1]

 
 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
9 

D
BE

/N
ov

em
be

r 2
01

6 
N

SS
 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

VR
A

A
G

 4
   

(B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

B
ut

aa
n 

(C
4H

10
) 

w
or

d 
in

 d
ie

 n
yw

er
he

id
 d

eu
r 

di
e 

TE
R

M
IE

SE
 k

ra
ki

ng
 v

an
 la

ng
ke

tti
ng

-
ko

ol
w

at
er

st
of

m
ol

ek
ul

e 
be

re
i, 

so
os

 
in

 
di

e 
ve

rg
el

yk
in

g 
hi

er
on

de
r 

ge
to

on
. 

X 
ve

rte
en

w
oo

rd
ig

 'n
 o

rg
an

ie
se

 v
er

bi
nd

in
g 

w
at

 g
el

ew
er

 w
or

d.
 

C
10

H
22

  
  X

 +
 C

4H
10

 

4.
1 

S
kr

yf
 n

ee
r: 

4.
1.

1 
E

E
N

 to
es

ta
nd

 w
at

 n
od

ig
 is

 s
od

at
 T

E
R

M
IE

S
E

 k
ra

ki
ng

 k
an

 p
la

as
vi

nd
 

(1
) 

4.
1.

2 
D

ie
 m

ol
ek

ul
êr

e 
fo

rm
ul

e 
va

n 
ve

rb
in

di
ng

 X
 

 
(1

) 

4.
1.

3 
D

ie
 h

om
ol

oë
 re

ek
s 

w
aa

ra
an

 v
er

bi
nd

in
g 

X 
be

ho
or

t 
 

(1
) 

4.
2 

'n
 M

en
gs

el
 v

an
 tw

ee
 g

as
se

, v
er

bi
nd

in
g 

X 
en

 b
ut

aa
n,

 w
or

d 
de

ur
 b

ro
om

w
at

er
, 

B
r 2

 in
 'n

 k
on

ie
se

 fl
es

 g
eb

or
re

l s
oo

s 
hi

er
on

de
r g

eï
llu

st
re

er
. D

IE
 R

E
A

K
SI

E 
W

O
R

D
 IN

 'N
 D

O
N

K
E

R
 V

E
R

TR
E

K
 U

IT
G

EV
O

E
R

. 

D
ie

 k
le

ur
 v

an
 d

ie
 b

ro
om

w
at

er
 v

er
an

de
r 

va
n 

ro
oi

br
ui

n 
na

 k
le

ur
lo

os
 w

an
ne

er
 

di
e 

m
en

gs
el

 v
an

 d
ie

 tw
ee

 g
as

se
 d

aa
rd

eu
r g

eb
or

re
l w

or
d.

 

W
at

te
r 

E
E

N
 

va
n 

di
e 

ga
ss

e 
(X

 
of

 
B

U
TA

A
N

) 
on

tk
le

ur
 

di
e 

br
oo

m
w

at
er

? 
V

er
du

id
el

ik
 d

ie
 a

nt
w

oo
rd

. 
(4

) 

Sp
ui

t  

Br
2

 

   
   

X 
en

 C
4H

10
 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
10

 
D

BE
/N

ov
em

be
r 2

01
6 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

4.
3  

B
es

tu
de

er
 d

ie
 v

lo
ei

di
ag

ra
m

 h
ie

ro
nd

er
 w

at
 v

er
sk

ille
nd

e 
or

ga
ni

es
e 

re
ak

si
es

 
vo

or
st

el
, e

n 
be

an
tw

oo
rd

 d
ie

 v
ra

e 
w

at
 v

ol
g.

 

S
kr

yf
 n

ee
r d

ie
: 

4.
3.

1 
IU

P
A

C
-n

aa
m

 v
an

 v
er

bi
nd

in
g 

P 
 

(2
)

4.
3.

2 
S

oo
rt 

re
ak

si
e 

w
at

 I
 g

em
er

k 
is

 
 

(1
) 

4.
3.

3 
S

tru
kt

uu
rfo

rm
ul

e 
va

n 
ve

rb
in

di
ng

 Q
 

 
(2

)

4.
3.

4 
D

ie
 ti

pe
 a

dd
is

ie
re

ak
si

e 
w

at
 d

eu
r r

ea
ks

ie
 I

II
 v

er
te

en
w

oo
rd

ig
 w

or
d 

(1
) 

[1
3]

 

II
 

II
I 

B
ut

aa
n 

C
4H

10
 

ch
lo

re
rin

g 

I 

V
er

bi
nd

in
g 

Q
 

(h
oo

fp
ro

du
k)

 
ge

ko
ns

en
tre

er
de

 
N

aO
H

 

C
H

3C
H

2C
H

C
H

3 

O
H

 

V
er

bi
nd

in
g 

P 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
11

 
D

BE
/N

ov
em

be
r 2

01
6 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

VR
A

A
G

 5
   

(B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

W
at

er
st

of
pe

ro
ks

ie
d,

 
H

2O
2,

 
on

tb
in

d 
om

 
w

at
er

 
en

 
su

ur
st

of
 

vo
lg

en
s 

di
e 

vo
lg

en
de

 
ge

ba
la

ns
ee

rd
e 

ve
rg

el
yk

in
g 

te
 le

w
er

: 

2H
2O

2(
)  

 2
H

2
2(

g)
 

5.
1 

D
ie

 a
kt

iv
er

in
gs

en
er

gi
e 

(E
A
) 

vi
r 

hi
er

di
e 

re
ak

si
e 

is
 7

5 
kJ

 e
n 

di
e 

re
ak

si
ew

ar
m

te
 

–
19

6 
kJ

. 

5.
1.

1 
D

ef
in

ie
er

 d
ie

 te
rm

 a
kt

iv
er

in
gs

en
er

gi
e.

 
 

(2
) 

5.
1.

2 
Te

ke
n 

di
e 

as
se

st
el

se
l h

ie
ro

nd
er

 in
 jo

u 
A

N
TW

O
O

R
D

E
B

O
E

K 
oo

r e
n 

vo
lto

oi
 d

an
 d

ie
 p

ot
en

si
ël

e-
en

er
gi

ed
ia

gr
am

 v
ir 

hi
er

di
e 

re
ak

si
e.

  

D
ui

 d
ie

 w
aa

rd
e 

va
n 

di
e 

po
te

ns
ië

le
 e

ne
rg

ie
 v

an
 d

ie
 v

ol
ge

nd
e 

op
 d

ie
 

y-
as

 a
an

:

 
G

ea
kt

iv
ee

rd
e 

ko
m

pl
ek

s 
 

P
ro

du
kt

e 

(D
ie

 g
ra

fie
k 

ho
ef

 N
IE

 v
ol

ge
ns

 s
ka

al
 g

et
ek

en
 te

 w
or

d 
N

IE
.) 

 
(3

) 

W
an

ne
er

 v
er

po
ei

er
de

 m
an

ga
an

di
ok

si
ed

 b
y 

di
e 

re
ak

si
em

en
gs

el
 g

ev
oe

g 
w

or
d,

 
ne

em
 d

ie
 re

ak
si

et
em

po
 to

e.
 

5.
1.

3 
O

p 
di

e 
gr

af
ie

k 
w

at
 v

ir 
V

R
A

A
G

 5
.1

.2
 g

et
ek

en
 is

, g
eb

ru
ik

 s
tip

pe
lly

ne
 

om
 d

ie
 p

ad
 v

an
 d

ie
 r

ea
ks

ie
 t

e 
to

on
 w

an
ne

er
 m

an
ga

an
di

ok
si

ed
 

by
ge

vo
eg

 w
or

d.
 

(2
) 

5.
1.

4 
G

eb
ru

ik
 d

ie
 b

ot
si

ng
st

eo
rie

 o
m

 te
 v

er
du

id
el

ik
 h

oe
 m

an
ga

an
di

ok
si

ed
 

di
e 

te
m

po
 v

an
 o

nt
bi

nd
in

g 
va

n 
w

at
er

st
of

pe
ro

ks
ie

d 
be

ïn
vl

oe
d.

 
(3

) 

  0
 

R
ea

ks
ie

ve
rlo

op
 

   Potensiële energie (kJ)  

H
2O

2 

Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
12

 
D

BE
/N

ov
em

be
r 2

01
6 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

5.
2  

G
ra

fie
k 

A 
en

 B
 h

ie
ro

nd
er

 is
 v

er
kr

y 
vi

r 
di

e 
vo

lu
m

e 
su

ur
st

of
 w

at
 m

et
 ty

d 
on

de
r 

ve
rs

ki
lle

nd
e 

to
es

ta
nd

e 
ge

le
w

er
 is

. 

5.
2.

1 
B

er
ek

en
 d

ie
 g

em
id

de
ld

e 
re

ak
si

et
em

po
 (

in
 d

m
3

-1
) 

tu
ss

en
 t 

= 
10

 s
 

en
 t 

= 
40

 s
 v

ir 
gr

af
ie

k 
A

. 
(3

) 

5.
2.

2 
G

eb
ru

ik
 d

ie
 in

lig
tin

g 
in

 g
ra

fie
k 

A 
om

 d
ie

 m
as

sa
 w

at
er

st
of

pe
ro

ks
ie

d 
w

at
 i

n 
di

e 
re

ak
si

e 
ge

br
ui

k 
is

, 
te

 b
er

ek
en

. 
A

an
va

ar
 d

at
 a

l 
di

e 
w

at
er

st
of

pe
ro

ks
ie

d 
on

tb
in

d 
he

t. 
G

eb
ru

ik
 

24
 d

m
3 ·m

ol
-1

 
as

 
di

e 
m

ol
êr

e 
vo

lu
m

e 
va

n 
su

ur
st

of
.  

(4
) 

5.
2.

3 
H

oe
 v

er
ge

ly
k 

di
e 

m
as

sa
 w

at
er

st
of

pe
ro

ks
ie

d 
w

at
 g

eb
ru

ik
 i

s 
om

 
gr

af
ie

k 
B

 te
 v

er
kr

y 
m

et
 d

ié
 w

at
 g

eb
ru

ik
 is

 o
m

 g
ra

fie
k 

A 
te

 v
er

kr
y?

 
K

ie
s 

ui
t G

R
O

TE
R

 A
S

, K
LE

IN
E

R
 A

S
 o

f G
EL

YK
 A

A
N

. 
(1

) 

0 
   

  
 2

0 
   

   
   

40
   

   
   

  6
0 

   
   

   
 8

0 
   

   
   

10
0 

   
   

 1
20

   
   

   
14

0 

10
 

20
 0

0 30
 

40
 

50
 

  

 

 

 

 
 

Ty
d 

(s
) 

Volume suurstofgas (dm3) 

60
 

 

 
 

 

G
ra

fie
k 

A
 

G
ra

fie
k 

B
 



Fi
si

es
e 

W
et

en
sk

ap
pe

/V
2 

 
13

 
D

BE
/N

ov
em

be
r 2

01
6 

N
SS

 

Ko
pi

er
eg

 v
oo

rb
eh

ou
 

Bl
aa

i o
m

 a
ss

eb
lie

f 

5.
3  

D
rie

 
en

er
gi

ev
er

sp
re

id
in

gs
ku

rw
es

 
vi

r 
su

ur
st

of
ga

s 
w

at
 

on
de

r 
ve

rs
ki

lle
nd

e 
to

es
ta

nd
e 

ge
le

w
er

 w
or

d,
 w

or
d 

in
 d

ie
 g

ra
fie

k 
hi

er
on

de
r g

et
oo

n.
  

D
ie

 k
ur

w
e 

m
et

 d
ie

 s
ol

ie
de

 ly
n 

ve
rte

en
w

oo
rd

ig
 1

 m
ol

 s
uu

rs
to

fg
as

 b
y 

90
 °

C
. 

K
ie

s 
di

e 
ku

rw
e 

(P
 o

f 
Q

) 
w

at
 E

LK
 v

an
 d

ie
 v

ol
ge

nd
e 

si
tu

as
ie

s 
di

e 
be

st
e 

ve
rte

en
w

oo
rd

ig
: 

5.
3.

1 
1 

m
ol

 s
uu

rs
to

fg
as

 w
at

 b
y 

12
0 

°C
 g

el
ew

er
 w

or
d 

(1
) 

5.
3.

2 
2 

m
ol

 s
uu

rs
to

fg
as

 w
at

 b
y 

90
 °

C
 g

el
ew

er
 w

or
d 

(1
) 

 
[2

0]
 

VR
A

A
G

 6
   

(B
eg

in
 o

p 
'n

 n
uw

e 
bl

ad
sy

.) 
 

W
at

er
st

of
ga

s,
 

H
2(

g)
, 

re
ag

ee
r 

m
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