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(57)  There  is  disclosed  a  microwave  oven  test 
device,  kit  and  method  for  testing  the  power 
output  or  heating  performnace  of  a  microwave 
oven.  The  test  device  comprises  a  thermometer 
having  a  strip  (4)  of  liquid  crystal  areas  (6),  each 
activated  to  change  colour  at  a  characteristic 
temperature.  A  slidable  cursor  (8)  carries  a 
scale  (12)  indicating  microwave  oven  power 
outputs  or  heating  performances  correspond- 
ing  to  temperatures  indicated  on  the  liquid 
crystal  strip.  A  preferred  device  has  a  liquid 
crystal  strip  on  either  side  of  a  card  thermome- 
ter  and  a  cursor  carrying  two  scales.  A  first 
scale  indicates  power  output  and  lies  adjacent 
to  the  strip  on  a  first  side  of  the  card  and  the 
second  scale  indicates  heating  performance 
and  lies  adjacent  to  the  liquid  crystal  strip  on 
the  second  side  of  the  card.  A  method  of  using 
the  device  and  a  test  kit  comprising  the  device 
are  also  disclosed. 
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The  present  invention  relates  to  a  device  and  a 
method  for  determining  the  power  output  and  measur- 
ing  the  performance  of  a  microwave  oven. 

Microwave  ovens  for  domestic  use-have  a  typical 
power  output  in  the  range  400  -  1000W.  Microwave 
ovens  have  a  nominal  power  output,  indicated  by  the 
manufacturer,  but  there  is  no  guarantee  that  the  oven 
will  operate  at  that  power  output  throughout  its  life.  If, 
unbeknown  to  the  user,  the  oven  is  operating  below 
the  nominal  power  output,  there  is  a  possibility  that 
food  is  not  cooked  thoroughly  and  sufficiently. 

The  present  invention  provides  a  test  device  for 
determining  the  power  output  of  a  microwave  oven 
which  comprises  a  thermometer  having  a  strip  of 
liquid  crystal  temperature  sensitive  areas,  each  acti- 
vated  at  a  respective  characteristic  temperature,  and 
a  cursor  slidably  attached  to  the  thermometer  adja- 
cent  the  liquid  crystal  strip.  The  cursor  is  marked  with 
a  scale  calibrated  so  that  when  used  in  the  test 
method  according  to  the  invention  the  power  output  of 
the  oven  may  be  read.  The  test  device  preferably  has 
a  second  liquid  crystal  strip  and  cursor  arrangement, 
with  a  second  scale  on  the  cursor,  used  to  determine 
the  heating  performance  of  the  oven. 

The  present  invention  also  provides  a  kit  compris- 
ing  the  test  device,  a  bowl  made  of  microwave  trans- 
parent  material,  which  may  be  graduated  for  various 
amounts  of  fluid,  and,  optionally,  a  lid  for  the  bowl. 

The  present  invention  further  provides  a  method 
for  determining  the  power  output  and/or  heating  per- 
formance  of  a  microwave  oven  and  comprises  ther- 
mally  equilibrating  a  device  according  to  the  invention 
with  a  sample  of  a  fluid,  such  as  water;  moving  the  cur- 
sor  so  that  a  zero  on  the  scale  is  aligned  with  the  acti- 
vated  liquid  crystal  area;  heating  a  predetermined 
amount  of  the  fluid  in  a  microwave  oven  for  a  predeter- 
mined  time;  equilibrating  the  device  with  the  heated 
fluid;  and  reading  the  power  output  or  heating  per- 
formance  of  the  microwave  oven  from  the  appropriate 
scale  on  the  cursor  according  to  the  liquid  crystal  area 
activated. 

The  calibration  of  each  scale  is  achieved  by  cal- 
culation  relying  on  the  thermodynamic  principle  that  a 
fluid  of  constant  heat  capacity  (Cp)  and  known  mass 
(M)  heated  for  a  known  time  (t)  experiences  a  con- 
stant  temperature  rise  (bT)  : 

Cp  (AT)  (M)  /  1  =  W 
Extra  allowances  should  be  made  for  operational 

features  of  microwave  ovens,  such  as  the  delay  of  a 
few  seconds  taken  by  the  magnetron  to  reach 
optimum  power. 

The  variables  used  to  calibrate  the  scale  of  the 
device  are  preferably  fixed  according  to  International 
Standard,  for  example  IEC  705:  2nd  Edition  1988. 

Any  alterations  of  the  design  of  the  bowl  and  the 
test  device  from  those  used  in  the  International  Stan- 
dard  tests  are  taken  into  consideration  and  are  com- 
pensated  for  in  the  calibration  of  the  scale  or  scales 

of  the  cursor  of  the  test  device.  For  example  the  bowl 
used  for  the  International  Standard  is  made  of  glass 
whereas  the  present  bowl  is  plastic. 

The  liquid  crystal  strip  or  strips  may  be  made 
5  according  to  known  techniques,  for  example  those 

shown  in  UK  Patent  2197109.  The  preferred  liquid 
crystals  are  chiral  nematic  crystals.  Cholesteric  esters 
crystals  may  also  be  used. 

In  a  first  embodiment  of  a  device  according  to  the 
10  present  invention  the  liquid  crystal  areas  of  a  first 

liquid  crystal  strip  cover  a  temperature  range  of  from 
about  3°C  to  about  22°C.  This  embodiment  is  useful 
for  measuring  the  power  output  of  an  oven  to  compare 
with  the  nominal  power  output  identified  by  the  man- 

is  ufacturer. 
The  device  may  instead  have  a  second  liquid 

crystal  stip  having  liquid  crystal  areas  covering  a 
measured  temperature  range  of  from  about  4°C  to 
about  55°C.  This  device  can  be  used  to  measure  the 

20  performance  of  an  oven  in  heating  foods. 
Preferably  the  first  and  second  liquid  crystal  strips 

are  provided  on  a  single  device  so  that  the  device  has 
a  measured  temperature  range  from  about  3°C  to 
about  55°C  and  may  be  used  to  conduct  both  the 

25  power  output  test  and  the  heating  performance  test. 
Preferably  some  or  all  of  the  liquid  crystal  areas 

are  also  marked  with  their  activation  temperatures  so 
that  the  device  of  the  invention  can  operate  as  a  con- 
ventional  thermometer,  such  as  a  refrigerator  ther- 

30  mometer. 
The  present  invention  will  now  be  described  in 

more  detail  with  reference  to  the  following  drawings  in 
which: 

Fig.  1  is  a  perspective  view  of  a  microwave  test 
35  kit  comprising  a  test  device  and  a  bowl; 

Fig.  2  is  a  schematic  view  of  one  side  of  a  first 
embodiment  of  the  device  shown  in  Fig.  1 
Fig.  3  is  a  schematic  view  of  the  reverse  side  of 
the  device  shown  in  Fig.  2; 

40  Fig.  4  is  a  schematic  view  of  a  second  embodi- 
ment  of  a  test  device  having  a  liquid  crystal  strip 
showing  half-degree  temperature  rises; 
Fig.  5  is  a  schematic  view  of  part  of  the  liquid  crys- 
tal  strip  of  the  device  shown  in  Fig.  4. 

45  The  kit  shown  in  Fig.  1  comprises  a  microwave 
transparent  bowl  20  and  a  test  device.  The  bowl  pro- 
vided  with  the  kit  of  the  invention  has  a  diameter  of 
190mm,  with  a  350g  graduation  and  a  1000g  gradua- 
tion,  corresponding  to  the  level  of  the  respective 

so  weight  of  water  in  the  bowl. 
A  lid  22  is  provided  with  a  recess  for  retaining  the 

device  inside  the  bowl  when  the  apparatus  is  sold  in 
kit  form.  Instructions  for  use  according  to  the  method 
of  the  invention  may  usefully  be  printed  on  or  adhered 

55  to  the  inside  of  the  lid. 
The  device  comprises  a  plastic  card  2  with  a  first 

liquid  crystal  strip  4  having  twenty  individual  tempera- 
ture  sensitive  liquid  crystal  areas  6  on  its  first  face. 

2 
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The  first  of  these  areas  changes  colour  reversibly  at 
3°C.  Adjacent  areas  are  activated  at  temperatures  dif- 
fering  by  1  deg  C. 

For  high  thermal  inertia  the  strip  4  is  preferably 
printed  directly  onto  the  card  2,  although  to  overcome 
manufacturing  difficulties  satisfactory  thermal  inertia 
is  achieved  by  printing  the  liquid  crystal  strip  onto  an 
adhesive  film  which  is  then  layered  onto  the  card  2. 

A  slidable  cursor  8  is  held  adjacent  to  the  first  strip 
4  and  includes  a  zero  set  line  10  and  power  output 
scale  12.  The  cursor  is  wrapped  around  a  long  edge 
of  the  card  2  so  that  the  first  strip  is  exposed.  The  cur- 
sor  has  a  scale  of  graduations,  each  corresponding  to 
a  power  output  in  watts. 

Optionally  the  card  has  an  integral  hook  so  that 
when  functioning  as  a  conventional  thermometer  the 
device  may  be  suspended  from,  for  example,  a  shelf 
of  a  refrigerator. 

In  the  test  method  of  the  present  invention  the 
device  is  used  to  stir  water  which  has  been  refriger- 
ated  to  a  temperature  within  the  range  3°C  to  12°C. 
The  cursor  is  then  moved  so  that  the  zero  set  line  10 
of  the  scale  is  adjacent  the  activated  area  of  the  liquid 
crystal  strip.  1000g  of  the  refrigerated  water  is 
weighed  into  the  microwave  transparent  bowl  20  of 
the  kit  (Fig  1),  or  can  be  measured  using  the  gradua- 
tion  mark  on  the  bowl.  The  bowl  is  heated  in  the  oven 
for  exactly  60  seconds  at  the  maximum  power  output 
setting  of  the  oven. 

After  60  seconds  the  bowl  is  removed  from  the 
oven  and  the  water  stirred  thoroughly  with  the  device. 
With  the  device  fully  immersed  in  the  water,  the  power 
output  of  the  oven  is  read  from  the  cursor  scale  adja- 
cent  the  activated  liquid  crystal  area  of  the  first  strip. 

The  reverse  face  of  the  device  is  shown  in  Fig  3. 
A  second  strip  40  has  thirteen  liquid  crystal  areas  42 
which  are  activated  at  respective  temperatures  in  the 
range  of  20°C  to  55°C.  The  second  strip  is  printed 
onto  an  intermediate  laminate  adhered  to  the  card,  as 
for  the  first  strip,  but  may  be  directly  printed  onto  the 
card.  The  slidably  mounted  cursor  has  a  second  scale 
44  carrying  marks  indicating  heating  performance 
categories.  The  cursor  also  has  a  second  zero  set  line 
46. 

This  second  liquid  crystal  strip  and  cursor 
arrangement  is  used  for  measuring  the  performance 
of  the  oven  for  heating  foods,  in  particular  chilled 
foods. 

A  chilled  food  heating  performance  test  is  con- 
ducted  in  a  similar  way  to  the  power  output  test  but 
using  350g  of  water.  The  water  is  cooled  to  a  tempera- 
ture  within  the  range  4°C  to  12°C,  and  the  cursor  set 
with  the  second  zero  set  line  48  against  the  activated 
liquid  crystal  area  of  the  second  liquid  crystal  strip  40. 
The  water  is  heated  in  the  oven  for  1  minute.  The  heat- 
ing  performance  of  the  oven  is  measured  by  reading 
the  second  scale  of  the  cursor  against  the  activated 
liquid  crystal  area  to  give  a  heating  performance 

category. 
It  is  envisaged  that  prepared  microwavable 

foods,  such  as  chilled  prepared  foods,  will  be  marked 
with  heating  times  according  to  the  power  output  of 

5  the  oven  and/or  the  heating  performance  category. 
The  double  sided  device  allows  both  power  output 
and  heating  performance  category  to  be  accurately 
and  easily  measured.  However  either  side  of  the 
device  could  be  incorporated  uniquely  in  a  test  device 

10  to  measure  either  power  output  or  heating  perform- 
ance  category. 

A  second  embodiment  of  the  device  according  to 
the  present  invention  is  shown  in  fig  4.  The  liquid  crys- 
tal  strip,  detail  of  which  is  shown  in  fig  5,  has  additional 

15  areas  30  which  are  formed  by  overlap  of  two  adjacent 
principal  temperature  sensitive  areas  32.  A  mask  is 
applied  so  that  the  liquid  crystal  strip  appears  as  two 
separate  rows  of  liquid  crystal  areas  6  and  30.  At  a 
temperature  between  the  activation  temperature  of 

20  the  two  adjacent  principal  areas  6,  the  intermediate 
additional  area  30  will  show  a  colour,  being  the  com- 
bined  colours  of  an  activated  temperature  sensitive 
area  returning  to  its  deactivated  colour  and  a  deacti- 
vated  area  adopting  its  activated  colour.  For  example, 

25  if  the  activation  colour  is  red  and  the  deactivation  col- 
our  is  blue,  a  mauve  coloration  of  the  overlap  area 
indicates  a  temperature  between  the  two  activation 
temperatures.  When  the  difference  in  activation  tem- 
perature  of  two  adjacent  temperature  sensitive  areas 

30  is  1  deg  C,  the  overlap  areas  enable  changes  in  water 
temperature  to  be  detected  to  the  nearest  0.5  deg  C, 
so  that  the  power  output  of  the  oven  may  be  deter- 
mined  with  greater  accuracy  than  with  the  device  of 
the  first  embodiment. 

35  The  present  invention  can  provide  a  device,  pref- 
erably  in  a  kit  with  a  bowl,  and  a  method  for  performing 
a  simple,  inexpensive  test  by  which  the  user  of  a 
microwave  oven  can  check  its  power  output  and/or 
heating  performance  according  to  the  International 

40  Standard. 

Claims 

45  1.  A  microwave  oven  power  output  and/or  heating 
performance  test  device  (1)  comprising  a  ther- 
mometer  comprising  a  strip  (4)  of  liquid  crystal 
areas  (6),  each  activated  to  change  colour  at  a 
respective  characteristic  temperature,  and  a 

so  scale  (12)  moveable  on  the  thermometer  adja- 
cent  to  the  liquid  crystal  strip  and  indicating  micro- 
wave  oven  power  outputs  or  heating 
performances  corresponding  to  temperatures 
indicated  on  the  liquid  crystal  strip. 

55 
2.  A  test  device  according  to  claim  1  in  which  the 

scale  (12)  is  on  a  cursor  (8)  slidable  on  the  ther- 
mometer. 

3 
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A  test  device  according  to  claim  1  or  2  further 
comprising  a  second  liquid  crystal  strip  (40)  and 
a  second  scale  (48),  one  scale  (12)  calibrated  for 
power  output  and  the  other  (48)  for  heating  per- 
formance.  5 

A  test  device  according  to  any  preceding  claim  in 
which  the  liquid  crystal  strip  (4,40)  comprises 
areas  (6,42)  activated  at  temperatures  within  a 
range  of  either  3°  to  22°C  for  a  power  output  test  10 
device,  or  4°  to  55°C  for  a  heating  performance 
test  device,  or  both. 

A  test  device  according  to  any  preceding  claim  in 
which  the  thermometer  comprises  a  card  (2)  to  15 
which  is  adhered  or  printed  at  least  one  strip 
(4,40)  of  liquid  crystal  areas  (6,42). 

A  method  for  determining  the  power  and/or  heat- 
ing  performance  of  a  microwave  oven  comprising  20 
the  steps  of: 

i)  thermally  equilbrating  a  device  according  to 
any  one  of  claims  1  to  5  with  a  sample  of  flu  id, 
for  example  water; 
ii)  zeroing  the  scale  (12,48)  on  the  activated  25 
liquid  crystal  area  (6,42); 
iii)  heating  a  predetermined  amount  of  the  fluid 
in  a  microwave  oven  for  a  predetermined  time; 
iv)  equilibrating  the  device  (1)  with  the  heated 
fluid;  and  30 
v)  reading  the  power  output  or  heating  per- 
formance  of  the  oven  from  the  appropriate 
scale  (12,48)  against  the  liquid  crystal  area 
(6,42)  activated. 

A  method  according  to  claim  6  to  determine  the 
power  output  of  an  oven  in  which  1000g  of  water 
at  a  temperature  of  from  3°  to  12°C  is  heated  for 
60s  at  the  maximum  power  output  of  the  oven. 

A  method  according  to  claim  6  to  determine  the 
heating  performance  of  an  oven  in  which  350g  of 
water  at  a  temperature  of  from  4°  to  12°C  is 
heated  for  60s. 

35 

40 

45 
A  microwave  oven  test  kit  for  carrying  out  the 
method  according  to  any  one  of  claims  6  to  8  com- 
prising: 

a)  a  test  device  (1)  according  to  any  one  of 
claims  1  to  5;  50 
b)  a  microwave  transparent  bowl  (20);  and, 
optionally 
c)  a  lid  (22)  for  the  bowl. 

55 
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